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Abstract—Experiments with a "Random Mechanical Cascade" (RMC)
apparatus have yielded anomalous results correlated with pre-stated inten-
tions of human operators. Based upon a common statistical demonstration
device, this machine allows 9000 polystyrene balls to drop through a matrix
of 330 pegs, scattering them into 19 collecting bins with a population
distribution that is approximately Gaussian. As the balls enter the bins,
exact counts are accumulated photoelectrically, displayed as feedback for
the operator, and recorded on-line. Operators attempt to shift the mean of
the developing distributions to the right or left, relative to a concurrently
generated baseline distribution. Of the 25 operators who have completed
one or more experimental series with this device, four have achieved anom-
alous separations of their right and left efforts, and two others have dis-
played significant separations of either their right or left efforts from their
baselines. The overall mean difference of right versus left efforts concaten-
ated across the total data base of 87 series (3393 runs), has a probability
against chance of <10-4, with 15% of the individual series significant at p
< .05, and 63% conforming to the intended directions.

The concatenated results display a stark and curious asymmetry, in that
virtually all of the right vs. left separation is provided by the left vs. baseline
separation. This pattern also appears in the data of several individual oper-
ators, and is not attributable to any known physical asymmetry in the
experimental system. In addition to the systematic asymmetric deviation of
the distribution means, cumulative excesses in the variances of the left and
right distributions relative to baseline are also observed, progressing to
statistical probabilities of .003 in the left efforts, but only .2 in the right.
More detailed study of the individual bin population patterns reveals that
while most of the bins contribute to the overall mean shifts and variance
changes, those on the outer portions are more influential than those near
the center.

Operator achievements tend to compound marginally but systematically
in cumulative deviation patterns characteristic of the particular individuals
and, in several cases, similar to those produced by the same operators in
microelectronic Random Event Generator (REG) experiments. Within
these characteristic patterns of achievement, some operators also show
sensitivities to secondary experimental parameters, such as instructed vs.
volitional establishment of the intended directions, or the presence or ab-
sence of feedback displays. Other successful operators seem insensitive to
such options.
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Two major protocol variations have been explored, one employing re-
mote operators, the other, multiple operators. In the former, operators with
well-established performance in local experiments attempt to influence the
bin distributions from remote locations up to several thousand miles from
the laboratory. Significant results are again obtained that are quite similar
to those of the local experiments, with the exception that the overall right
and left distribution variances are smaller than those of the baseline. In the
multiple operator experiments, early results show little resemblance to
those achieved by the participating individuals alone.

Introduction

Through an extensive program of experiments previously reported in this
Journal and elsewhere (Jahn & Dunne, 1986; Jahn, Dunne, & Nelson, 1987;
Nelson, Dunne, & Jahn, 1984), it has been established that human operators
can systematically influence the output of various microelectronic random
event generators (REGs) to a marginal, but statistically significant extent, in
accordance with pre-stated intentions. Specifically, the results have been
found to correlate strongly with the individual operators and their intended
directions of effort, and in some cases with certain secondary parameters,
such as whether the effort is volitionally chosen or randomly assigned, or
whether the sequencing of trials is manual or automatic. Curiously, how-
ever, the performance seems less dependent on the details of the microelec-
tronic noise source and processing circuitry, including various hard-wired or
programmed pseudo-random systems.

The demonstrated insensitivity of these microscopic experiments to their
interior details suggests broader exploration of the response of other classes
of random physical processes to operator intention. In particular, it seems
important to ascertain whether similar anomalies can be demonstrated on
macroscopic systems employing other than electronic interactions. For this
purpose, we have developed and applied a device termed a "Random Me-
chanical Cascade," which is a large-scale variant on the prototypical "Gal-
tons Desk."

In 1894, the British eugenicist Francis Galton described a mechanical
apparatus to illustrate certain statistical aspects of natural evolution. His
description and interpretation are sufficiently relevant and ingenuous to
bear repetition:

It is a frame glazed in front, leaving a depth of about a quarter of an inch behind
the glass. Strips are placed in the upper part to act as a funnel. Below the outlet of the
funnel stand a succession of rows of pins stuck squarely into the backboard, and
below these again are a series of vertical compartments. A charge of small shot is
inclosed. When the frame is held topsy-turvy, all the shot runs to the upper end;
then, when it is turned back into its working position, the desired action commences.
. . . The shot passes through the funnel and issuing from its narrow end, scampers
deviously down through the pins in a curious and interesting way; each of them
darting a step to the right or left, as the case may be, every time it strikes a pin. The
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pins are disposed in a quincunx fashion, so that every descending shot strikes against
a pin in each successive row. The cascade issuing from the funnel broadens as it
descends, and, at length, every shot finds itself caught in a compartment immedi-
ately after freeing itself from the last row of pins. The outline of the columns of shot
that accumulate in the successive compartments approximates to the Curve of Fre-
quency, and is closely of the same shape however often the experiment is repeated.

The principle on which the action of the apparatus depends is, that a number of
small and independent accidents befall each shot in its career. In rare cases, a long
run of luck continues to favour the course of a particular shot towards either outside
place, but in the large majority of instances the number of accidents that cause
Deviation to the right, balance in a greater or less degree those that cause Deviation
to the left. Therefore most of the shot finds its way into the compartments that are
situated near to a perpendicular line drawn from the outlet of the funnel, and the
Frequency with which shots stray to different distances to the right or left of that line
diminishes in a much faster ratio than those distances increase. This illustrates and
explains the reason why mediocrity is so common. (Galton, 1894, pp. 63-65)

Galton's concept of demonstrating the development of Gaussian distribu-
tions by the compounding of a multitude of random binary events has since
been extended into numerous other sectors, and various versions of his
machine may be seen in science museums and instructional laboratories
throughout the world. Our particular interest here is as a target for anoma-
lous man/machine interactions.

Equipment and Protocol

Our RMC machine is roughly 10' X 6' in size, and employs 9000 polysty-
rene spheres ¾" in diameter, cascading through a quincunx array of 330 ¾"
nylon pins on 3 ¾" centers, in much the same fashion as Galton described
(Figure 1). A belt and bucket conveyor transports the balls from a plenum at
the bottom to a funnel at the top, from which they bounce down through the
matrix of pins in complex stochastic paths, accumulating finally in 19 paral-
lel vertical collecting bins arranged across the bottom. The front of the pin
chamber and collecting bins is clear acrylic, so that both the active cascade
of the balls and their disposition into the developing distribution of bin
populations are visible as feedback to the operator. By appropriate combina-
tions of peg spacings, ball inlet configuration, and ball and peg material
properties, the resulting distribution of ball populations in the collecting
bins can be brought to a good approximation of a normal Gaussian distri-
bution.

The entrance to each collecting bin is equipped with an optoelectronic
counter. All 19 counters are scanned on-line by a microprocessor which
transmits in real time the ordered accumulation of counts in each bin to
LED displays at the bottom, and to a microcomputer where the complete
sequence is registered on disk as a file of 9000 characters. Each file is indexed
by file number, direction of effort, operator, date, time, humidity and tem-
perature within the pin cavity, and various other experimental parameters.
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Fig. 1. Random Mechanical Cascade apparatus (RMC).

A logbook is also maintained with the same indexing information, a photo-
graph of each completed run distribution showing the bin totals displayed
on the LED's, the bin totals registered by the computer, other summary
information including total populations right and left of the center bin, a
right-left ratio, the distribution mean and standard deviation, and any ap-
propriate comments.

The standard experimental protocol calls for the operator, seated on a
couch about eight feet from the machine, to attempt to distort the distribu-
tion of balls to the right or higher numbered bins (RT), or to the left or lower
numbered bins (LT), or to generate a baseline (BL). These intentions are
interspersed in concomitant sets of three runs, each of which lasts about 12
minutes. The sequence of each tripolar set of runs may be chosen by the
operator (volitional assignment), or may be defined by some pre-established
recipe (instructed assignment). Each set must be completed in one session,
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lasting about one hour. The operator has the choice of lighted or blank LED
feedback displays, and employs his own subjective strategies. Operators
schedule their own sessions, and are encouraged to generate large data bases,
usually divided into independent experimental series of 10 tripolar sets of 3
runs.* Secondary parameters are fixed within a given series, but the opera-
tor's subjective strategy is not controlled. All operators are uncompensated
anonymous volunteers who are willing to provide the requisite large data
bases. None claims special abilities, and no screening or training of opera-
tors is attempted. (Although generic pronouns are used throughout this text,
roughly equal numbers of male and female operators have contributed to
the data base.)

The primary purpose of the tripolar experimental format is to mitigate
any possible biasing effects of physical or environmental changes in the
operation of the machine, such as long-term drift resulting from pin or ball
wear, or the shorter-term influences of temperature or humidity. Variation
of humidity, for example, has been found to correlate with small changes in
the distribution variance, and very slightly with changes in the mean. (A
detailed assessment of long-term drift of the distribution mean, including
contributions from wear and mechanical factors, vibration, humidity, tem-
perature, gravitational and tidal effects, and operator position is available in
Nelson, Dunne, & Jahn, 1988a, which also includes a description of qualifi-
cation and calibration procedures and the treatment of any technical prob-
lems that may arise in a given run.)

The machine, its counting and data recording systems, and the experi-
mental protocol just described have evolved over the course of the program
(Nelson, Dunne, & Jahn, 1983). In the earliest exploratory experiments,
data were manually recorded as mechanically measured bin fill heights, but
it soon became clear that these were compromised by differential stacking
patterns of the balls, so that the much more precise photoelectronic count-
ing system was devised. Similarly, early attempts to establish a universal
baseline distribution by copius calibration data had to be abandoned once
the effects of temporally varying physical conditions, such as temperature,
humidity, pin and ball wear became apparent. At that point, it was decided
to include only differential data generated in matched tripolar runs in the
formal data base. All preceding runs, and any subsequent runs deviating
from that protocol, are now regarded as exploratory, and indexed as such in
a separate data file. Also included in the exploratory data are several series in
which operators attempted to influence the accumulations in particular
individual bins. Although interesting results were obtained in these experi-

* Prior to October, 1983, 20 sets constituted a series. In a few cases, operators have completed
slightly less or more than the prescribed number of sets per series due to technical malfunction,
record-keeping errors, or unavoidable departure from the laboratory. Rather than exclude such
data, they have been included as odd-size series. If less than 7 sets have been generated, however,
the series has been voided and the data retained in a separate file.
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ments, this paper is confined to tripolar protocols addressing the shift of the
distribution mean.

Statistical Treatment
Given the three-dimensional complexity of the individual ball collisions

with the pegs, the complicating effects of ball-ball collisions, and the irregu-
larities of the inlet flow, any deterministic dynamical modeling of the flux of
balls through the pin matrix is unattainable. In this respect, the RMC ex-
periment differs substantially from the strictly binary REGs, where precise
theoretical expectations are derivable. However, a rudimentary quasi-binary
model of the RMC statistical process, analogous to that more rigorously
employed for the REG experiments, can be heuristically based on the vir-
tually Gaussian character of the data distributions. As shown in Figure 2, a
histogram of the 19 bin populations for the 1131 baseline runs of the formal
data base is nicely fit by a Gaussian curve normalized to the distribution
mean and standard deviation. To be sure, there is a slight excess population
of the end bins by balls reflected from the side walls of the machine, and of
the center bins by balls falling directly through the finite pin matrix, but
these do not compromise the gross utility of the Gaussian model.

Such a quasi-binary approach can illustrate the immense statistical lever-
age of this kind of experiment. For example, using bin number as the
statistical variable, the mean of this quasi-Gaussian distribution, µ, is found
to be approximately 10.023 and the standard deviation, s, about 3.27 bins.
Although this distribution derives from a very complex ensemble of colli-
sional events, it can be modeled, for statistical purposes, as if it were the
result of N simple binary events for each ball, in each of which it is deflected

Fig. 2. RMC: Baseline mean bin populations on theoretical Gaussian (1131 runs).
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either to the right or to the left by some uniform distance, D = 0.5 bin. If the
probabilities for deflection in either direction are equal, binomial statistics
requires a distribution variance of s2 = D2N. Hence, the complex physical
process actually experienced by a single ball is equivalent to N = 43 elemen-
tary binary choices, which may be regarded as a minimum estimate of the
information content of a single ball's trajectory. Since there are 9000 such
"ball-trials" in a single run, the statistical power of each run consists of
approximately 387,000 binary equivalent bits. (By comparison, a typical
REG run of 50 trials yields 10,000 bits.)

The stochastic dynamical behavior of this quasi-binary system is found
empirically to converge to a stable statistical ensemble with a well-bounded
mean after roughly one-third of the 9000 balls have been processed. In
similar fashion, the optimum number of runs per experimental series, which
must be a trade-off between operator comfort and statistical confidence, can
be assessed in terms of the standard error of the estimates of the series mean.
For example, the earliest series lengths were arbitrarily set at 20 runs per
intention, for which the standard error corresponding to a 95% confidence
interval around the grand baseline mean was found to be .0078 bins. But for
the first 10 runs of these series, the standard error was only .0111 bins, still
adequately small to allow any systematic anomalies to cumulate rapidly to
significant deviations from expected values. Thus, we were able to respond
to operator complaints that the 20-run series were too long by reducing the
protocol to 10 runs per intention, and the series data accumulation rate
increased accordingly.

The absence of any precise theoretical expectations, combined with the
long-term variations in the calibration data mentioned earlier, force any
search for distribution anomalies correlated with operator intention to pro-
ceed on a local differential basis. That is, only the cumulative systematic
differences among the right, left, and baseline efforts within a given tripolar
set can profitably be assessed. The most appropriate statistical tool for this
purpose is Student's t-test for paired observations, supplemented by a con-
ventional one-way analysis of variance (ANOVA). More specifically, the
primary assessment of the effect of operator intention on the distributions
employs correlated t-tests to compare differences within the tripolar data
sets for each series, or for larger concatenations, taking into account the
small, but occasionally significant correlations among the three strings of
data due to common influences of machine wear, humidity, and other
possible but unidentified effects.

The difference between the right and left efforts (RT-LT) is regarded as
the primary indicator of an effect of operator intention. It is then possible to
perform only one other fully orthogonal comparison, namely that between
the baseline and the algebraic average of the right and left efforts. However,
since interpretation of this latter quantity is somewhat complex, we have
chosen to present the conceptually simpler paired t-tests for both RT-BL
and LT-BL differences, supplemented by various graphic displays. While
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these tests are not fully independent of the primary RT-LT comparison,
they are instructive in locating the three intentions relative to each other,
and, of course, any one of the three tests constitutes a coherent, standardized
measure across series.

Even in this local differential treatment, the raw data show correlations
among the three data strings, perhaps attributable to shorter-term vagaries
of machine operation. These are assessed by Pearson product-moment coef-
ficients, which are helpful in explaining the considerable range of the stan-
dard deviation of the differences, and thus the variations in the size of the
mean shifts that may be regarded as significant. For example, as the correla-
tion between RT and LT data increases, the standard error of the differences
decreases, yielding a larger t-score for a given mean difference.

For a supplementary perspective, the three conditions, RT, LT, BL, can
be considered as three treatments in a conventional one-way analysis of
variance. This approach can establish an overall estimate of unexplained, or
error, variance appropriate for the comparisons, and it can explore covar-
iates such as humidity and temperature, but it cannot incorporate any of the
secondary experimental parameters, such as feedback mode or instruc-
tional/volitional options, since only a few operators have explored these
systematically.

Consonant with the earlier REG experiments, it proves instructive to
display the primary indicator of the effect of operator intention on the
RMC, that is, the RT-LT difference, as a graph of cumulative deviation
from the expected difference, given no effect, of zero. Likewise, the separate
behaviors of RT and LT may be graphed as cumulative differences from the
local BL values. To establish the scale of the cumulative deviations, enve-
lopes of the t-scores corresponding to given probabilities against chance may
be superimposed on these graphs.

Overall Results

Mean Shifts Correlated With Intention
The primary RMC data base consists of 87 series (3393 runs) generated by

25 individual operators. The overall results are shown in Figure 3, and in
Table 1.* For the grand concatenation of these data, the paired r-test for
RT-LT yields t = 3.89, p < 10-4, one-tailed in direction of intention, with
15% of the series and 24% of the individual operator data bases beyond the
5% chance probability level and 63% splitting RT-LT in the intended direc-
tion. The one-way ANOVA yields a comparably significant departure from
chance expectation (F = 8.13, with 2 and 3390 df, p = 3 X 10-4). The

* All tables are in the Appendix. Much more detailed results of all RMC experiments per-
formed to date are presented in two PEAR Technical Reports (Nelson, Dunne, & Jahn, 1988a
and 1988b). Many of the summary conclusions of this paper are supported by data displayed
there, but not included here.
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Fig. 3. RMC cumulative deviations: all data.

cumulative deviation graphs that trace the progress of these mean shifts
through the various operators and series display notable consistencies of
linear trends superimposed on backgrounds of stochastic variations. Thus,
by any of the statistical criteria employed, there is clear evidence of a signifi-
cant anomaly compounding from the gradual accumulation of small but
consistent shifts in the distribution means, in a fashion quite similar to that
found in the microelectronic REG and pseudo-REG experiments.

Asymmetry Effect
Beyond its existence and magnitude, the overall RMC anomaly entails an

additional curiosity not found in the REG experiments. Namely, the con-
catenated results shown in Figure 3 display a stark left-going asymmetry. In
fact, the right and baseline efforts are statistically indistinguishable over the
full course of these experiments, so that the entire RT-LT effect is contained
in the systematic separation of the left efforts from both of the others. This
asymmetry is not explainable in terms of any known physical bias in the
experimental system, especially given the tripolar protocol and differential
data reduction process, and hence can be correlated only with operator
intention, suggesting that it may have some psychological or neurological
implication. Examination of the individual operator data bases might tempt
the assignment of much of this effect to one or two of the most prolific
operators, who individually show strong left-going asymmetries. However,
removal of their contributions fails to symmetrize the remaining data. Alter-
nately, the influences of every operator on the total data base may be bal-
anced by concatenating equal subsets of the individual data, for example the
first 10 runs only of each of the 25 operators (Figure 4). Again the traces
proceed steadily toward significant terminal values for RT-LT and LT-BL
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Fig. 4. RMC cumulative deviations: all operators, first 10 runs.

and show the same asymmetry, indicating that the overall effect reflects
contributions from all operators in the group.

Secondary Parameters

Analysis of the composite data base for correlations with secondary pa-
rameters is necessarily limited since all operators have not contributed
equally to the various categories. The mode of instruction, that is, whether
the order of intentions in each tripolar set is chosen by the operator at the
time of the session (volitional), or is prespecified for the entire series (in-
structed) has been varied in six operator data bases, and across these, the
qualitative results seem to indicate a preference for the volitional mode;
although the difference is not statistically significant (t = 0.895, p = .371,
2-tailed, df= 779). Similarly, the feedback has been varied for three opera-
tors by having the LED counter displays on or off, and here even less
difference is found, although the results of each mode remain individually
significant (LED on: t = 1.829, p = .034, 1-tailed, df = 359; LED off: t
= 2.845, p = .002, 1-tailed, df= 249; dt on/off = 0.878, p = .379, 2-tailed, df
= 608). Less well defined parameters, such as date or time of day, have also
been examined and show no clear influences across the total data. However,
when these various parameters are analyzed on an individual operator basis,
some correlations can be quite strong, indicating important operator-spe-
cific sensitivities. For example, with the LED display off, one operator (55)
achieves a RT-LT t-score of 1.915 (p = .029), but with the display lit,
performs at chance (t = 0.294, p = .385). Similarly, in the Volitional mode,
another operator (70) obtains a RT-LT t-score of 2.143 (p = .019), but in
the Instructed mode produces results slightly opposite to intention (t
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= -0.693, p = .253). Several other examples are displayed in Nelson,
Dunne, and Jahn, 1988b.

Variance and Goodness-of-Fit Effects
In the REG experiments, it was found instructive to array all terminal

series scores as frequency distribution histograms (Jahn, Dunne, & Nelson,
1987; Jahn, Nelson, & Dunne, 1985). To pursue similar displays of the
RMC results, we must again utilize the differential treatments, RT-LT,
RT-BL, and LT-BL, comparing the distribution of series t-scores against a
theoretical t-distribution for the nine degrees of freedom appropriate to a
ten-run series. The results in Figures 5a, b, c confirm the shift of the distri-
bution in the direction of intention for RT-LT and LT-BL, and in addition
show an increase in the distribution variance in all three cases.

Similar frequency histograms for the run means, show little effect on the
variance of the distributions, but the BL data are found to fit the expected
Gaussian better than expected by chance (X2bl = 7.75, 17 df, p = .97) while
both the RT and LT distributions are relatively rough, (x2RT = 21.63, p = .21
and x2LT = 35.05, p = .0065).

It next seems reasonable to inquire whether the individual run bin popu-
lation distributions might themselves display variance changes as ancillary
effects of operator intention. In the REG studies, no such effects were ob-
served at the trial or run levels, but the situation appears to be quite different
for the RMC. Figure 6 displays the cumulative differences in the standard
deviations of the RT and LT runs compared to the BL run of the same set.
The generally positive trends culminate as a highly significant increase in
the LT run variances relative to the BL, and a non-significant increase in the
RT run variances. This effect is more pronounced for some individual
operators than others, but the concatenated data suggest that, on balance,
both LT and RT efforts to shift the mean also entail a broadening of the bin
population distributions in some fashion.

Individual Bin Populations
To pursue such goodness-of-fit issues in yet more detail, the response of

all 19 individual bin populations to operator intention may be extracted
from the data base management system. Over a sufficiently large number of
runs, each of these bin populations should, by chance, distribute normally
about some mean, with some standard deviation, in terms of which parame-
ters any given population anomaly may be statistically quantified. Immedi-
ately instructive is a graphic display of the differences in individual bin
populations between the RT, LT, and BL run sets over the entire data base,
that highlights the major contributions to the overall distribution mean
shifts (Figures 7a, b, c). On these histograms the significances of each of these
differences is indicated by a .05 probability envelope, computed on the basis
of the individual bin population standard deviations. Consistent with the
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Fig. 5. RMC series t-score histograms: a) RT-LT; b) RT-BL; c) LT-BL.

overall behavior of the run means, the RT-BL bin population differences
appear quite randomly distributed, whereas a majority of the LT-BL and
RT-LT differences are supportive of the mean shifts. Because of their larger
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Fig. 6. RMC cumulative deviations of standard deviations: all data.

"leverage," outer bins contribute more heavily to the shifts than in-
ner bins.

The data base management system also allows assessment of the temporal
evolution of the bin-filling patterns. Although this has not yet been pursued
systematically, cursory examination of these and of the progress of the
overall mean of the developing distributions has not indicated any strong
pattern of localization of the anomalous effects in any given portion of the
12-minute experimental period. Rather, like the REG effects, these seem
statistically well distributed throughout the entire run.

Individual Operator Results
As found in our REG experiments, many of the RMC cumulative devia-

tion graphs for individual operators are sufficiently replicable and internally
consistent to be regarded as characteristic "signatures" of achievement by
those particular operators. These signatures vary considerably from one
operator to another and, in some cases, are found to be quite sensitive to the
secondary experimental parameters. The grand concatenations of results
across operators presented above, although reinforcing the credibility of the
phenomenon, tend to obscure these important, potentially instructive, indi-
vidual differences. Hence, the balance of this article will address individual
operator performance.

Correlations With Intention
Four of the 25 operators have achieved statistically significant overall

RT-LT separations positively correlated with their directional intentions,
based on t-tests for paired data. Two show significant overall results in



168 B. J. Dunne, R. D. Nelson, and R. G. Jahn

Fig. 7. RMC bin population differences: a) RT-LT; b) RT-BL; c) LT-BL.
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RT-BL and two others have significant LT-BL achievements. Three opera-
tors' results are opposite to their intentions to a degree unlikely by chance,
one each in RT-BL, LT-BL, and RT-LT (Table 1). Detailed statistical
analyses for all the individual and compounded series are available (Nelson,
Dunne, & Jahn, 1988b).

More informative than these summary results, however, is the internal
consistency of many of the individual cumulative deviation graphs, wherein
the characteristic signatures of performance become apparent. Several of
these cases display virtually linear slopes of effect superimposed on the
background of statistical fluctuations, reflecting individual preferences for a
particular direction of intention, and establishing individual scales of
achievement. In a few cases, the RMC signatures are qualitatively similar to
those achieved by the same operators on the REG experiment, suggesting
that the overall phenomenon may be less device-specific than operator-
specific.
Secondary Parameters

Individual operator sensitivities to secondary parameters, such as the
mode of instruction, or the feedback display being on or off, are also char-
acteristically varied. In some cases, an operator's performance may be cate-
gorically different in the volitional protocol than in the instructed, or when
live feedback is provided or denied. Yet other operators seem insensitive to
these options. As mentioned, the tendency toward larger variances in the
RT and LT data is not uniformly shared by all operators, and the individual
bin population patterns vary considerably from one operator to another
(Nelson, Dunne, & Jahn, 1988b). All of this is consistent with the individual
operator variations found in the REG studies, and suggests that perfor-
mance is in some way related to characteristics of personal consciousness, as
well as to physical aspects of the devices and processes with which they are
interacting.

One other finding of the REG studies that seems to carry over to the RMC
results is the departure of some baseline data from fully chance behavior
(Jahn, Dunne, & Nelson, 1987; Jahn, Nelson, & Dunne, 1985). Although,
for all the reasons mentioned earlier, RMC data processing is restricted to
differential criteria, examination of the individual operator raw data none-
theless suggests that in several cases the RT-BL or LT-BL differences may
be attributable to unusually high or low baseline trends. As one example, the
right-going efforts of operator 42 have a grand mean of 10.017, which is
actually below the grand baseline mean for all operators of 10.023, yet is still
highly significant relative to the baseline mean of 9.997. Other cases of this
sort are included in Table 1.

Remote Protocol
All of the data reported and discussed above have been obtained with the

operators seated on a couch a few feet before the machine, with its operation
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clearly visible to them. Again in parallel to our REG research, a comple-
mentary program of experiments has been undertaken wherein operators
who have already generated data in this "local" protocol, attempt the same
influence on the RMC performance from remote locations. In this remote
protocol, the operator arranges in advance a specific time during which a set
of three runs will be initiated by members of the laboratory staff, who
remain blind to the sequence of intentions. The order is chosen by the
operator, who communicates this information by telephone or letter after
the results are recorded, but before any feedback is given. Ten operators
have so far completed 26 such series, again of 10 tripolar sets each, over
distances ranging up to several thousand miles.

Of these completed series, four have shown cumulative deviations beyond
the .05 chance expectation for the RT-LT difference. The concatenated
results, presented in Figure 8, show remarkably similar characteristics to the
local data, including the strong left-going asymmetry, and the average mag-
nitude of the RT-LT split (.0064 bins, compared to .0057 local). The only
overall distinction in the remote data is in the standard deviations of the
runs, which are consistently, though not significantly smaller in the right
and left conditions than in the baselines, compared to the reverse for the
local runs. The individual bin populations are consistent with this feature, in
the sense that a greater portion of the mean shift burden seems to be borne
by the inner bins. These data are summarized in Table 2 and presented in
detail in Nelson, Dunne and Jahn, 1988a, b.

Multiple Operator Protocol

A second major protocol variation has been undertaken to explore the
effect of more than one operator simultaneously attempting to influence the

Fig. 8. Remote RMC cumulative deviations: all data.
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distribution. Nine local series by seven co-operator pairs, along with two
remote series by two, and one remote series by seven cooperating individ-
uals have been performed, following the same technical procedures as for
single operators. So far, these results show no overall RT-LT separation,
although in contrast to the single operator local and remote patterns, both
the LT- and RT-going efforts display strong right-going trends relative to
BL, with the RT-BL values significant at the p = .044 level and the LT-BL
opposite to intention sip = .055 (Figure 9). These results are summarized in
Table 3 and detailed in Nelson, Dunne and Jahn, 1988a, b. Although this
data base is far from sufficient to distinguish replicable patterns for given
operator pairs to compare with the individual results, it already appears that
no simple linear combination of the operators' influences obtains. Rather,
consistent with the predictions of our theoretical model, a more com-
plex superposition seems to be involved (Jahn & Dunne, 1986; Jahn &
Dunne, 1987).

Summary
The RMC has proven to be an effective and efficient experiment for

exploring the interaction of human operators with random physical sys-
tems, but in several respects the results are quite complex and will require
much more study to comprehend fully. At this juncture, the findings may be
summarized in the following categories:

1. There is clear evidence of a significant anomalous separation of the
means of the overall right- and left-intended experimental distributions,
correlated with the pre-stated goals of the human operators.

2. Compared to the concurrently generated baseline data, there is a stark
and unexplained asymmetry in the directional results: Namely, the

Fig. 9. Multiple operator RMC cumulative deviations: all data.
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RT-LT separation resides almost totally in the LT-BL disparity; the
RT and BL data are statistically indistinguishable.

3. The overall effects reflect the integration of very small shifts that com-
pound with some regularity as the data base increases, and cannot be
attributed to large contributions from any one operator.

4. Concatenation of individual bin population data indicates that the ma-
jority of bins contribute to the overall mean shift trends, but that the
outer bins are more effective than those near the center.

5. Preliminary examination of the evolution of the distribution means
over the course of individual runs indicates no clear pattern of concen-
tration of effects in any particular portion of the 12-minute experimen-
tal periods.

6. The standard deviations of the experimental distributions tend to be
larger for the right and left-intentioned runs than for the baselines. The
LT-BL excess compounds to a highly significant value over the full data
concatenation.

7. Results are clearly operator-specific, often displaying statistically re-
peatable characteristic trends that differ from one operator to another.

8. In several cases the individual operator performances are sensitive to
secondary parameters of the experimental protocol; in other cases, they
are not.

9. Operator signatures on RMC often show similarities to effects obtained
by the same individuals on the micro-electronic REG and pseudo-REG
experiments, implying that while the results are operator-specific, and
in some cases condition-specific, they may not be so device-specific.

10. Although RMC data must be processed on a differential basis, there is
good indication that for some operators the differential effects are
driven as much by anomalies in the baseline as by those of the right and
left efforts.

11. Separation of operator and machine by distances up to several thousand
miles does not appear to inhibit the effect, or to alter its primary char-
acteristics, except for a narrowing of the right and left run distribution
variances, relative to baseline.

12. On the basis of very limited data, the cooperative efforts of two or more
operators simultaneously interacting with the device appear to produce
radically different results from the individual influences.

Again, more detailed substantiation of these conclusions may be found in
the two Technical Reports (Nelson, Dunne, & Jahn, 1988a and 1988b).

In summary, the Random Mechanical Cascade has become an important
tool in the ongoing study of the interactions of human consciousness with
random physical systems. Taken in conjunction with the findings of our
other experiments, the RMC results have confirmed the active role of
human intention in the establishment of physical reality, and have provided
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additional insights to guide the evolution of a more incisive theoretical
model of the underlying processes.
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Appendix

TABLE 1A
Local, RT-LT

Opr.

10
14
16
17
20
21
41
42
44
49
51
53
55
63
64
66
68
69
70
78
79
84
91
93
94

All

it
Series

17
1
4
1
2
1
7
3
1
1
1
2

20
1
1
1
2
1
5
4
1
3
1
3
3

87

#
Pairs

270
19
37
10
20
10
91
30
20
10
10
20

300
7

10
10
40
11
50
40
9

30
16
31
30

1131

RT
Mean

10.0297
10.0273
10.0208
9.9968

10.0222
9.9781

10.0242
10.0165
10.0362
10.0291
10.0066
10.0064
10.0283
10.0342
10.0219
9.9907

10.0180
10.0253
10.0206
9.9919

10.0448
10.0138
10.0325
10.0219
9.9977

10.0229

LT
Mean

10.0195
10.0278
10.0035
9.9994

10.0228
10.0124
10.0243
9.9990

10.0343
10.0212
10.0002
10.0134
10.0244
10.0126
10.0241
10.0017
10.0221
10.0121
10.0107
9.9910

10.0329
10.0058
10.0395
10.0045
9.9841

10.0172

RT-LT
S.D. Diff.

.0521

.0417

.0509

.0534

.0339

.0388

.0527

.0426

.0531

.0375

.0307

.0400

.0490

.0358

.0523

.0478

.0508

.0359

.0499

.0529

.0666

.0549

.0383

.0466

.0462

.0493

RT-LT
t-score

3.233
-0.053

2.067
-0.157
-0.076
-2.799
-0.013

2.250
0.162
0.659
0.655

-0.782
1.373
1.600

-0.135
-0.728
-0.511

1.219
1.412
0.111
0.535
0.799

-0.729
2.075
1.605

3.891

RT-LT
Prob.

7x 10-4

(.479)
.023

(.440)
(.470)
(.010)
(.495)
.016
.436
.263
.264

(.222)
.085
.080

(.448)
(.243)
(.306)
.126
.082
.456
.304
.215

(.239)
.023
.060

5 X 10-5

# Series
p < .05

7(1)
—
1

—
—
— (D
— (1)

1
—
—
—
—
2

—
—
—
—
—

2
—
—
—
—
—
—

13(3)

# Series
p < .5

11
—
3

—
1

—
3
3
1
1
1
1

13
1

—
—

1
1
3
2
1
2

—
3
3

55

t-score
Corr.

1.659
1.059
0.966

-1.895
2.553
2.327
0.605

-0.317
0.437
0.091
2.260
0.519
2.994
1.750

-0.817
0.034
0.233
1.019

-0.039
0.550

-0.072
-0.316

1.394
1.078
0.550

6.301
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TABLE 1B
Local, RT-BL

Opr.

10
14
16
17
20
21
41
42
44
49
51
53
55
63
64
66
68
69
70
78
79
84
91
93
94

All

#
Series

17
1
4
1
2
1
7
3
1
1
1
2

20
1
1
1
2
1
5
4
1
3
1
3
3

87

#
Pairs

270
19
37
10
20
10
91
30
20
10
10
20

300
7

10
10
40
11
50
40

9
30
16
31
30

1131

BL
Mean

10.0328
10.0322
10.0145
10.0022
10.0014
10.0000
10.0211
9.9968

10.0420
10.0219
10.0047
10.0173
10.0272
10.0207
10.0164
10.0210
10.0224
10.0463
10.0185
9.9979

10.0214
10.0123
10.0290
10.0142
10.0041

10.0229

RT
Mean

10.0297
10.0273
10.0208
9.9968

10.0222
9.9781

10.0242
10.0165
10.0362
10.0291
10.0066
10.0064
10.0283
10.0342
10.0219
9.9907

10.0180
10.0253
10.0206
9.9919

10.0448
10.0138
10.0325
10.0219
9.9977

10.0229

RT-BL
S.D. Diff.

.0508

.0483

.0496

.0471

.0471

.0423

.0531

.0449

.0457

.0462

.0456

.0589

.0497

.0458

.0476

.0306

.0453

.0679

.0572

.0559

.0649

.0425

.0462

.0492

.0557

.0501

RT-BL
t-score

-0.990
-0.440

0.778
-0.361

1.977
-1.644

0.559
2.410

-0.566
0.488
0.133

-0.830
0.375
0.782
0.364

-3.142
-0.604
-1.023

0.269
-0.683

1.079
0.189
0.306
0.875

-0.636
0.047

RT-BL
Prob.

(.162)
(.333)
.221

(.363)
.031

(.067)
.289
.011

(.289)
.319
.448

(.209)
.354
.232
.362

(.006)
(.275)
(.165)
.394

(.249)
.156
.426
.382
.194

(.265)
.481

# Series
p < .05

— (2)
—
—
—

1
—
—

1
—
—
—
—

2(1)
—
—
— (1)
—
—
— (1)
—
—
—
—
—
— (1)

4(6)

# Series
p< .5

6
—
3

—
2

—
4
3

—
1
1

—
11

1
1

—
1

—
4
2
1
2
1
2
2

48
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Opr.

10
14
16
17
20
21
41
42
44
49
51
53
55
63
64
66
68
69
70
78
79
84
91
93
94
All

Opr.

10
12
16
41
49
68
69
78
93
94

All

#
Series

17
1
4
1
2
1
7
3
1
1
1
2

20
1
1
1
2
1
5
4
1
3
1
3
3

87

#
Series

6
1
7
1
3
2
1
1
2
2

26

TABLE 1C
Local, LT-BL

# BL LT LT-BL LT-BL LT-BL # Scries
Pairs Mean Mean S.D. Diff. t-score Prob. p < .05

270 10.0328 10.0195 .0536 -4.077 2 X 10-5 6
19 10.0322 10.0278 .0402 -0.474 .321 —
37 10.0145 10.0035 .0480 -1.389 .087 1
10 10.0022 9.9994 .0404 -0.213 .418 —
20 10.0014 10.0228 .0435 2.201 (.020) —(1)
10 10.0000 10.0124 .0388 1.010 (.169) —
91 10.0211 10.0243 .0487 0.624 (.267) —
30 9.9968 9.9990 .0529 0.232 (.409) —
20 10.0420 10.0343 .0483 -0.715 .242 —
10 10.0219 10.0212 .0369 -0.058 .478 —
10 10.0047 10.0002 .0322 -0.436 .337 —
20 10.0173 10.0134 .0528 -0.332 .372 —

300 10.0272 10.0244 .0494 -0.985 .163 1
7 10.0207 10.0126 .0391 -0.550 .301 —

10 10.0164 10.0241 .0506 0.482 (.321) —
10 10.0210 10.0017 .0590 -1.038 .163 —
40 10.0224 10.0221 .0469 -0.031 .488 1 (1)
11 10.0463 10.0121 .0680 -1.664 .064 —
50 10.0185 10.0107 .0484 -1.136 .131 —
40 9.9979 9.9910 .0515 -0.856 .199 —
9 10.0214 10.0329 .0394 0.872 (.204) —

30 10.0123 10.0058 .0435 -0.823 .209 1
16 10.0290 10.0395 .0566 0.743 (.235) —
31 10.0142 10.0045 .0440 -1.221 .116 —
30 10.0041 9.9841 .0466 -2.349 .013 1

1131 10.0229 10.0172 .0500 -3.787 8 X 10-5 11(2)

TABLE 2A
Remote, RT-LT

# RT LT RT-LT RT-LT RT-LT # Series # Series
Pairs Mean Mean S.D. Diff. t-score Prob. p < .05 p < .5

61 10.0171 10.0126 .0538 0.651 .259 — 4
9 10.0020 9.9808 .0580 1.100 .152 — 1

70 10.0047 9.9981 .0520 1.070 .144 2 4
10 10.0150 10.0126 .0262 0.288 .390 — 1
30 10.0076 9.9934 .0392 1.991 .028 1 3
20 9.9994 10.0108 .0386 -1.326 (.100) —(1) —
9 10.0318 10.0429 .0480 -0.691 (.255) — —

10 10.0163 9.9944 .0449 1.538 .079 — 1
20 10.0258 10.0139 .0533 1.000 .165 — 2
20 10.0075 10.0000 .0376 0.890 .192 1 1

259 10.0111 10.0047 .0482 2.139 .017 4(1) 17

# Series
p < .5

12
1
3
I

—
—
3

13
1

—
1
1
1
3
3

—
2

—
2
3

55

t-score
Corr.

-0.713
-0.876

0.260
2.208
1.958
0.874

-2.092
0.185

-0.917
0.368

1.197
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TABLE 2B
Remote, RT-BL

Opr.

10
12
16
41
49
68
69
78
93
94

All

#
Series

6
1
7
1
3
2
1
1
2
2

26

#
Pairs

61
9

70
10
30
20

9
10
20
20

259

BL
Mean

10.0159
9.9956

10.0013
10.0290
10.0078
10.0100
10.0488
9.9797

10.0109
9.9984

10.0084

RT
Mean

10.0171
10.0020
10.0047
10.0150
10.0076
9.9994

10.0318
10.0163
10.0258
10.0075

10.0111

RT-BL
S.D. Diff.

.0546

.0439

.0526

.0491

.0564

.0545

.0608

.0432

.0488

.0556

.0533

TABLE 2C

RT-BL
t-score

0.180
0.443
0.539

-0.905
-0.021
-0.867
-0.834

2.680
1.367
0.731

0.826

RT-BL
Prob.

.429

.335

.296
(.195)
(.492)
(.199)
(.214)
.013
.094
.237

.205

# Series # Series
p < .05 p < .5

_ 3
— 1

1 3
— —

1 1
— (1) 1
— —

1 1
— 2
— 1

3(1) 13

Remote, LT-BL

Opr.

10
12
16
41
49
68
69
78
93
94
All

#
Series

6
1
7
1
3
2
1
1
2
2

26

#
Pairs

61
9

70
10
30
20

9
10
20
20

259

BT
Mean

10.0159
9.9956

10.0013
10.0290
10.0078
10.0100
10.0488
9.9797

10.0109
9.9984

10.0084

LT
Mean

10.0126
9.9808
9.9981

10.0126
9.9934

10.0108
10.0429
9.9944

10.0139
10.0000
10.0047

S.D. Diff.
LT-BL

.0501

.0420

.0457

.0515

.0491

.0468

.0395

.0516

.0385

.0405

.0462

LT-BL
t-score

-0.503
-1.057
-0.597
-1.011
-1.610

0.084
-0.446

0.904
0.351
0.177

-1.278

LT-BL
Prob.

.309

.161

.276

.169

.059
(.467)
.334

(.195)
(.365)
(.431)

.101

# Series # Series
p < .05 p < .5

— 3
— 1

1 4
— 1
_ 3
— 1
_ 1
— —
— 1
— 1

1 16
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TABLE 3A

Multiple operators, RT-LT

Opr.

220
244
251
252
277
284
299

All

#
Series

2
1
1
1
1
2
1

9

#
Pairs

20
10
10
10
10
20
10

90

RT
Mean

10.0133
10.0248
10.0187
10.0168
9.9923

10.0136
10.0093

10.0128

LT
Mean

10.0190
10.0170
10.0079
10.0159
10.0195
10.0041
10.0106

10.0130

RT-LT
S.D. Diff.

.0446

.0483

.0343

.0455

.0430

.0544

.0647

.0486

RT-LT RT-LT # Series
t-score

-0.573
0.511
0.994
0.066

-2.001
0.775

-0.064

-0.034

Prob. p < .05

(.287) —
.311 —
.173 —
.474 —

(.038) —(1)
.224 —

(.475) —

(.487) —(1)

# Series
p < .5

1
1
1
1

—
2

—

6

t-score
Corr.

1.115
-1.442

1.247
-0.456

0.091
-0.401
-1.241

-0.251

2 Operators, remote, RT-LT

294 2 20 10.0006 10.0017 .0470 -0.098 (.462) — 1 -0.881

7 Operators, remote, RT-LT

750 1 10 10.0016 10.0001 .0479 0.101 .461 — 1 -0.361

TABLE 3B
Multiple operators, RT-BL

Opr.

220
244
251
252
277
284
299
All

#
Series

2
1
1
1
1
2
1

9

#
Pairs

20
10
10
10
10
20
10

90

BL
Mean

10.0011
10.0114
10.0102
10.0018
9.9785

10.0129
10.0099
10.0044

RT
Mean

10.0133
10.0248
10.0187
10.0168
9.9923

10.0136
10.0093
10.0128

RT-BL
S.D. Diff.

.0366

.0499

.0619

.0501

.0288

.0515

.0525

.0463

2 Operators, remote,

294 2 20 9.9958 10.0006 .0460

7 Operators, remote,

750 1 10 10.0246 10.0016 .0272

RT-BL
t-score

1.483
0.849
0.434
0.947
1.518
0.057

-0.036
1.723

RT-BL

0.469

RT-BL

-2.677

RT-BL # Series
Prob. p < .05

.077 1

.209 —

.337 —

.184 —

.082 —

.478 — (1)
(.486) -

.044 1 (1)

.322 —

(.013) — (1)

# Series
P<

1
1
1
1
1
1

—
6

2

—

.5
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TABLE 3C
Multiple operators, RT-BL
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Opr.

220
244
251
252
277
284
299
All

#
Series

2
1
1
1
1
2
1

9

#
Pairs

20
10
10
10
10
20
10
90

BL
Mean

10.0011
10.0114
10.0102
10.0018
9.9785

10.0129
10.0099
10.0044

LT
Mean

10.0190
10.0170
10.0079
10.0159
10.0195
10.0041
10.0106
10.0130

LT-BL
S.D. Diff.

.0421

.0450

.0562

.0678

.0394

.0468

.0569

.0505

LT-BL
t-score

1.896
0.392

-0.129
0.656
3.294

-0.838
0.040

1.613

LT-BL
Prob.

(.037)
(.352)
.450

(.264)
(.005)
.206

(.485)
(.055)

# Series
p < .05

_
—
—
—
— (1)
—
—

— (1)

# Series
p < .5
_
—

1
—
—

1
—
2

2 Operators, remote, LT-BL

7 Operators, remote, LT-BL

294 2 20 9.9958 10.0017 .0504 0.520 (.305) — —

750 1 10 10.0246 10.0001 .0524 -1.480 .087 — 1



Journal of Scientific Exploration. Vol. 3, No. 1, pp. 15-26, 1989 0892-3310/89 $3.00+.00
Pergamon Press plc. Printed in the USA. ©1989 Society for Scientific Exploration

INVITED ESSAY
Anomalies: Analysis and Aesthetics

ROBERT G. JAHN
School of Engineering and Applied Science, Princeton University, Princeton, NJ 08544

Abstract—In properly allying itself with traditional scientific tenets and
procedures, anomalies research also risks encumbrance by scientific stodg-
iness, scientific segregation, and scientific secularity. In particular, the con-
temporary rejection by established science of its own metaphysical heritage
and essence precludes its further evolution into physical and biological
domains where consciousness plays demonstrably active roles. Some or-
derly rapprochement of subjective and objective experience and represen-
tation within the scientific paradigm will be required to make it effective in
such arenas.

Three epistemological premises prompted the conception and birth of our
Society for Scientific Exploration, and have guided its early life:

1. Empirical anomalies in any scientific sector can be precious indicators of
the limits of established wisdom and can open trails to better under-
standing.

2. Study of such anomalies must be pursued with uncompromising rigor
and critical conservatism.

3. Contemporary anomalies research needs an objective interdisciplinary
forum for comfortable professional discussion of the phenomena and
their implications.

By our membership policies, the structure and conduct of our meetings, and
the design of our publications, we have attempted to implement these ideals
to insure that SSE shall indeed propagate its research with at least as high a
level of technical rigor and critical judgment as prevail in most mainstream
scientific organizations. Yet, in this lofty commitment there lurk possibili-
ties for severe pragmatic tensions, if the premises are not profoundly inter-
preted and carefully balanced.

The problem, of course, is not with the principles, per se, but with their
abuse. As Dorothy Sayers reminds us, the familiar adage "the road to hell is
paved with good intentions" may not so much refer to noble aspirations left
unfulfilled by neglect, distraction, or incompetence, as to those pursued so
slavishly that they become ends in themselves, to the point of negating, or
even inverting, their original virtues. The sacred tenets of science are by no
means invulnerable to such distortion by excess. As a present and pertinent
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example, we might point to the prevailing plethora of criticism concerning
the conduct and interpretation of the various forms of anomalies research in
which we are engaged. To the extent that such commentary is informed,
fair, and constructive, it provides important restraints along the paths of
understanding, and nothing that follows here should be construed to con-
tradict the essential role of such critical analysis in the scholarly progress of
our Society. But in its uninformed, unfair, or self-serving misapplication,
such criticism becomes distracting, divisive, and counterproductive, and
must be courageously resisted.

So also with excessive deference to other canons of the scientific process.
In allying ourselves too assiduously with the prevailing content, methodol-
ogy, and standards of science, we can become bound by its dogma and
limited by its self-imposed horizons; in over-valuing scientific caution, we
can become mired in scientific inertia. Three categories of such encum-
brance that bear quite directly on the SSE situation might be termed "scien-
tific stodginess," "scientific segregation," and "scientific secularity." Let us
consider the first two very briefly, and the third in more detail.

Scientific Stodginess

Many of us have witnessed, and possibly even contributed to, legitimate
professional disagreements that have escalated to matters of principle, then
into ad hominem personal conflicts, and thence to outright bigotry and
inanity. Many of the greatest minds of science have similarly blundered into
such foibles. History records a dreary sequence of cases where scholars of
immense stature, themselves having broken through entrenched pedantry to
open new horizons, later obstructed scientific progress with their own
brands of bombast. We think of Ernest Rutherford, who first showed the
world the nuclear atom, subsequently fulminating:

It is a very poor and inefficient way of producing energy, and anyone who looks for a
source of power in the transformation of atoms is talking moonshine. (Rowland,
1957, p. 129)

With equally misplaced authority, the Astronomer Royal, Richard Wooley,
proclaimed one year before Sputnick, that "space travel is utter bilge." Lord
Kelvin assured us that x-rays would prove a hoax and that heavier-than-air
travel was impossible. Ernst Mach decried both atoms and relativity.
D'Alembert distrusted probability theory, and Lavoisier and Ostwald dis-
puted atomic chemistry. The list of such derailments of scholarly judgment
is long and humbling.

More modern examples of similar abuse of scientific conservatism also
abound. In the particular fields of our interest, we find them displayed not
only by individual critics, but by a number of fully-blown professional
organizations. And the tragedy lies not only in the direct encumbrance of
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the research they decry, but even more seriously in the adulteration of
legitimate criticism that could constructively separate valid evidence from
fantasy.

One obviously should not claim that short-sighted authoritarian opposi-
tion of this sort automatically guarantees the validity of the concept criti-
cized. Nonetheless, there may well be some subtle correlation between the
emotionality of a critical reaction and the viability of its target, especially
when the latter seriously threatens some deeply entrenched professional or
personal position. In this respect, "the lady protesteth too much" criterion
may occasionally apply to Madame Science, as well.

Scientific Segregation

Modern science has proven supremely effective in systematically subdi-
viding complex problems into more manageable portions, discriminating
among potential mechanisms and competing concepts, analyzing elemental
processes, and cataloging the results. In general, however, it has proven
considerably less effective in putting the pieces back together—in synthesiz-
ing new systems and unfamiliar interactions, especially when these have
involved multidisciplinary aspects. To confirm this imbalance of compe-
tence, one need look no further than the number of extant specialist and
sub-specialist professional societies and journals compared to those address-
ing interdisciplinary topics or strategies, or examine the relatively primitive
states of such fields as human factors engineering, operations research,
complex systems analysis, etc., or note the essential absence of any basic
discipline that might qualify as "systems science."

Along with this severe conceptual subdivision come equally esoteric lan-
guages that further inhibit transdisciplinary dialogues, engender profes-
sional chauvinisms, and even raise suspicions fostered by unfamiliarity and
exclusion. This "Babel" of hyperspecialization is becoming a progressively
greater obstruction to the comprehension and application of much conven-
tional modern science; in the fields of research that our society encom-
passes, it could be quite fatal to the entire enterprise. The cartoon of Figure 1
(courtesy of Henry H. Bauer) is a reasonably apt caricature of some com-
ments overheard in the corridors of SSE annual meetings and, if we are
totally honest, of our own private hierarchies of credibility. How often do we
feel that the courageous experimentation and blazing insight featured in our
own research deserves the most broad-minded respect and admiration from
our colleagues, while the work some of them pursue is just too controversial
and too extreme to be fully credible? Yet it is quite possible that each of our
topics remains anomalous precisely because we lack the breadth of perspec-
tive to put it in that larger context of understanding wherein the phenomena
can be accommodated naturally, and wherein more comprehensive theoret-
ical models could pertain. Are we not more likely to unfold that broader
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Fig. 1.*

comprehension collectively, rather than individually? And do we not need
to learn how to converse collectively before we can reason collectively?

Scientific Secularity
The third, and possibly most severe, class of impediment imposed by the

excessively rigid stance of modern science, and the one on which we shall
dwell a bit, devolves from its categorical and contradictory denial of its own
metaphysical essence and heritage. The very word "metaphysical" has come
to carry distasteful or suspicious connotations for most scientific purists,
and is usually applied pejoratively in any research context. As we use the
term here, however, it is simply meant to encompass all subjective, intuitive,
impressionistic, or aesthetic aspects of a scientific situation which, while not
submitting comfortably to prevailing catalogues and formalisms, nonethe-
less are found empirically, or hypothesized heuristically, to be relevant to
the given event or process. The historical precedents for inclusion of such
factors in scientific study and applications are floribundant beyond ques-
tion. Ancient science, from prehistoric civilizations through the Egyptians,
Babylonians, Orientals, and classical Greeks, was an inextricable admixture
of mystical, magical, and analytical manipulation that served for millennia
to undergird the technological needs of those societies. Medieval alchemy
likewise propagated as a sacred marriage of the Hermetic philosophical
tradition with the early methods of analytical chemistry. Even the first

* Reproduced with the permission of, and appreciation to, Professor Henry H. Bauer.
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echelon of the analytical astronomers—Copernicus, Tycho Brahe, Kepler,
Galileo—now popularly represented as breaking through the suffocating fog
of theological dogma with sound scientific methodology, actually carried
forth much of the same metaphysical tradition. Note how Copernicus justi-
fied his heliocentric universe:

In the middle of all sits the Sun enthroned. In this most beautiful temple, could we
place this luminary in any better position from which he can illuminate the whole at
once? He is rightly called the Lamp, the Mind, the Ruler of the Universe: Hermes
Trismegistus names him the Visible God, Sophocles' Electra calls him the All-See-
ing. So the Sun sits as upon a royal throne, ruling his children, the planets which
circle around him. (Bronowski, 1973, pp. 196-197)

Kepler similarly rationalized his orbital geometry:

. . . when intersected by a plane, the sphere displays in this section the circle, the
genuine image of the created mind, placed in command of the body which it is
appointed to rule; and this circle is to the sphere as the human mind is to the Mind
Divine. . .(Pauli, 1955, p. 161)

Even the mighty Isaac Newton, on whose classical mechanics and optics
modern science is irrevocably based, has been accurately described by one
biographer as:

. . . not the first of the age of reason. He was the last of the magicians, the last of the
Babylonians and Sumerians, the last great mind which looked out on the visible and
intellectual world with the same eyes as those who began to build our intellectual
inheritance rather less than 10,000 years ago. (Keynes, 1963, p. 311)

and by another as that premier scientist who regarded the ultimate mecha-
nism of change in the universe to reside in the "mystery by which mind
could control matter" (Kubrin, 1981, p. 113).

Ah, we say, but did not Sir Francis Bacon, the Age of Enlightenment, the
Scientific Revolution, and the formation of the Royal Society clean all of
this naive metaphysical junk off of the work tables of modern science? Not
quite. It is true that Bacon, the acknowledged father of the modern scientific
method, insisted on a critical dialogue between hard empirical evidence and
sound analytical logic, but he then proceeded to apply such methods to the
study of telepathic dreams, psychic healing, and "experiments touching
transmission of spirits and the force of the imagination" (Walker, 1972, p.
127). In his Charter for the Royal Society, Robert Hooke indeed rejected
"meddling with Divinity, Metaphysics, Moralls, Politicks, Grammar, Rhet-
oric, or Logick" (Lyons, 1944, p. 41), but then went on himself to study,
write, and lecture on keenly metaphysical topics. His colleague Robert
Boyle, author of "The Skeptical Chymist," retained an intense commitment
to the Hermetic heritage (More, 1962), and the Royal Society as a whole
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promoted scientific study of astrology, alchemy, prophecy, magic, and
witchcraft.

To be sure, toward the close of the 19th century, the profound triumphs of
electromagnetic wave theory prompted the prevailing physics establishment
to wax rather smug about the omnipotence of deterministic, causal science,
apparently overlooking the intuitive conviction of natural symmetry that
had led Maxwell to propose his subtle, but all-important, displacement
current. But the complacency was short-lived, for over the following decades
there erupted a host of new physical anomalies—black-body radiation,
atomic and molecular line spectra, photoelectric and Compton effects, spe-
cific heats of solids, and numerous others, that simply could not be swept
under the classical scientific rug, and the enigmatic era of modern physics
was at hand.

An enigmatic era indeed, featuring quanta and photons, wave/particle
dualities, uncertainty and exclusion principles, probability-of-observation
wave mechanics, and countless other counter-intuitive concepts that reim-
bued physical science with a distinctly metaphysical aroma. And none rec-
ognized the philosophical inescapability and pragmatic impact of this di-
mension more profoundly than the patriarchs of modern physics them-
selves. The father of their clan, Max Planck, courageously broached the
fundamental issue:

Once we have decided that the law of causality is by no means a necessary element in
the process of human thought, we have made a mental clearance for the approach to
the question of its validity in the world of reality. (Planck, 1932, p. 117)

Neils Bohr responded with his own radical conviction:

. . . causality may be considered as a mode of perception by which we reduce our
sense impressions to order. (Bohr, 1961, p. 116)

Erwin Schrödinger took a yet more vigorous metaphysical position:

The world is given to me only once, not one existing and one perceived. Subject
and object are only one. The barrier between them cannot be said to have broken
down as a result of recent experience in the physical sciences, for this barrier does not
exist. . . . Mind has erected the objective outside world of the natural philosopher
out of its own stuff. (Schrödinger, 1967, p. 137 and p. 131)

And Louis de Broglie, the Prince of particulate probability, closely presaged
our own present convictions about the role of consciousness in the estab-
lishment of reality:

Science is therefore a strange sort of penetration into a world which through human
consciousness and reason has learned to become aware of itself. (de Broglie, 1962,
p. 220)
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Even in the most exact of all the natural sciences, in Physics, the need for margins of
indeterminateness has repeatedly become apparent—a fact which, it seems to us, is
worthy of the attention of philosophers, since it may throw a new and illuminating
light on the way in which the idealizations formed by our reason become adaptable
to Reality. (de Broglie, 1939, pp. 281-282)

There is no substitute for thorough reading of the extensive personal
writings of these and the other pioneers of modern physics to acquire full
appreciation of the implicit and explicit mystical dimensions of this era of
science. And it is an era that is far from closed. Even now, we continue to be
confronted by latter-day EPR paradoxes and action-at-a-distance experi-
ments that severely contradict the premises of local causality. In our concep-
tualization and linguistic representation of sub-nuclear phenomena on one
extreme—quarks, gluons, strangeness, charm, and so on—and of astro-
physical and cosmological processes on the other—quasars, black holes,
cosmic strings, pulsating bubble universes, etc.—there smolder some of the
same metaphysical propensities that were more explicitly enflamed in
Hermes's precepts or the alchemist's forge.

And we certainly must include in this list the research encompassed by
this Society, which in many of its projects addresses frankly metaphysical
effects. For example, data on man/machine anomalies like those shown in
Figure 2 have been presented in this forum on several occasions (Jahn,
Dunne, & Nelson, 1987). The particular case shown pertains to the interac-
tion of one human operator with a microelectronic random event generator
(REG) in a very carefully controlled sequence of experiments extending
over nine years. Plotted are the accumulated deviations of the output of the
machine from chance expectation, obtained under a tripolar protocol
wherein the operator alternately attempted to achieve a high number of

Fig. 2. REG cumulative deviations from chance, one operator.
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counts (HI), a low number of counts (LO), or the chance number of counts
(BL), interspersed in a random sequence of efforts, with all other technical
and procedural aspects of the experiment held identical. As can be seen from
the figure, the null-intention or baseline effort yields a string of data oscil-
lating stochastically about the theoretical chance mean. The high-intention
efforts produce results displaying the same sort of stochastic oscillations, but
now superimposed on a systematic trend toward ever increasing excess
above chance. The low-intention efforts show a similar, but even more
substantial trend in the opposite direction. On this figure, the dashed parab-
olas represent the loci of .05 likelihood of achieving the given excursions by
chance, and the scale on the right ordinate shows the full range of terminal
probabilities against chance for this huge sequence of data. Specifically, for
the more than 30,000,000 bits processed in the more than 50,000 tripolar
trials of this operator's program, the likelihood of obtaining the displayed
split of the HI and LO data by chance is less than a few parts per million.

More than 30 other operators have performed this same experiment.
Some achieve much like the example shown in Figure 2; some are successful
in only one direction of effort, or in the other; some display only chance
results; a few achieve extra-chance results in directions opposite to their
intentions. But despite these major differences in detail, in most cases each
operator's pattern is serially consistent with itself, i.e., internally replicable
in the statistical sense, so much so that we refer to the individual cumulative
deviation graphs as operator "signatures."

In some cases, these signatures are sensitive to secondary technical param-
eters of the experiment, such as whether the operator is allowed to choose
the direction of effort or is instructed by some randomization criterion, or
whether the operator is allowed to initiate each trial at his comfort or is
presented with a regularly spaced sequence of automatic trials, or whether
on-line feedback is provided and in what form. In other cases, however, the
signatures appear insensitive to such options. Nonetheless, if the results of
all operators, obtained under all permutations of these secondary parame-
ters, are combined in a grand concatenation, the cumulative deviations still
compound to highly significant statistical departures from chance behavior
(Figure 3).

Although these REG data are clearly operator-specific, intention-specific,
and in some cases parameter-specific, curiously they seem to be much less
device-specific. Several other similarly extensive experiments have been
performed using different microelectronic noise sources, pseudo-random
sources constructed from arrays of microelectronic shift registers, pro-
grammed computer algorithms, and even macroscopic mechanical ana-
logue devices. In a number of cases, an operator's signature of performance
is found to transfer with remarkable similarity from one class of device to
another. For example, Figure 4 shows a comparison of the cumulative
deviation signature of one operator on a microelectronic REG, a shift-regis-
ter pseudo REG, and a macroscopic Random Mechanical Cascade (RMC)
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Fig. 3. REG cumulative deviations from chance, all operators.

respectively. Note the perseverance of the substantial low-intention efforts,
the less substantial but characteristic high-intention trace with its initial
strength and subsequent decline, and the well-behaved null-intention
results.

A great deal more data from experiments of this sort could be shown,
where the only independent variables of consequence are the individual
operators and their directions of effort (Dunne, Nelson, & Jahn, 1988).
Although these illustrations have been drawn from our own research base,
many other studies (referenced in Jahn, Dunne, & Nelson, 1987), including
some presented to this Society over the past several years, would seem to
lead toward similar conclusions. Obviously, many more experiments of this
class, including independent replications of those already reported, are now
required, for unless such results can be directly discredited, the need for
some metaphysical component in any model attempting to explicate, or
even to correlate, the data seems unavoidable.

Summary

What is the point of this potpourri of historical, philosophical, and scien-
tific musing? It is not, of course, a plea for return to blind superstition or
superficial mysticism, nor for compromise with soft-shell science of any
form. Rather, it is a suggestion that research such as our society fosters
would be better served by a more complementary balance between our
objective and subjective perspectives, of much the same sort that Bohr
proposed:

... we must, indeed, remember that the nature of our consciousness brings about a
complementary relationship, in all domains of knowledge, between the analysis of a
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Fig. 4. Cumulative deviations, one operator on three experiments.
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concept and its immediate application.... in associating the psychical and physical
aspects of existence, we are concerned with a special relationship of complementarity
which it is not possible thoroughly to understand by one-sided application either of
physical or psychological laws.. . . only a renunciation in this respect will enable us
to comprehend . . . that harmony which is experienced as free will and analyzed in
terms of causality. (Bohr, 1961, pp. 20-24)

Heisenberg also offered a similar generalization of the complementarity
principle:

We realize that the situation of complementarity is not confined to the atomic world
alone; we meet it when we reflect about a decision and the motives for our decision
or when we have the choice between enjoying music and analyzing its structure.
(Heisenberg, 1958, p. 179)

and Pauli specifically addressed it to our context:

On the one hand, the idea of complementarity in modern physics has demonstrated
to us, in a new kind of synthesis, that the contradiction in the applications of old
contrasting conceptions (such as particle and wave) is only apparent; on the other
hand the employability of old alchemical ideas in the psychology of Jung points to a
deeper unity of psychical and physical occurrences. To us . . . the only acceptable
point of view appears to be the one that recognizes both sides of reality—the quanti-
tative and the qualitative, the physical and the psychical—as compatible with each
other, and can embrace them simultaneously. ... It would be most satisfactory of
all if physics and psyche could be seen as complementary aspects of the same reality.
(Pauli, 1955, pp. 208-210)

In short, our plea is for more formal acknowledgement of the pervasive
metaphysical stream that continues to permeate and nourish much of our
contemporary science and technology. This acknowledgement is not likely
to be initiated by any of the well-established sectors of modern analytical
research. These are too structured and hierarchical, too busy and comfort-
able, and admittedly too effective, to confront this dimension without con-
siderably greater demonstration of its local relevance and provincial bene-
fits. But within the traffic pattern of SSE, we not only have the opportunity
and the disposition, but very possibly the necessity, of reengaging the analyt-
ical and the aesthetic aspects of scholarly science. Man/machine anomalies
like those displayed in Figures 2-4, for example, are not likely to be ren-
dered theoretically comprehensible without some disciplined inclusion of
the role of consciousness as an active ingredient in the establishment of
reality. One modest attempt at such a model, presented earlier to SSE,
allows consciousness the same wave/particle duality it has ascribed to var-
ious physical systems, and then invokes the formalisms of quantum wave
mechanics to represent interactions of consciousness with its environment
(Jahn & Dunne, 1986, 1987).

Clearly, any attempt to generalize the analytical mechanics of science to
encompass the metaphysical mechanics of consciousness is a monumental
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task, fraught with all manner of seductive and dangerous sinkholes of
naivete. But it is a task that is ultimately unavoidable. As Carl Friedrich von
Weizsäcker put it nearly 50 years ago:

Two fundamental functions of consciousness underlie every statement of physics:
cognition and volition. (von Weizsäcker, 1941, p. 489)

We can and, wherever possible, we should keep trying to accommodate our
growing assortment of empirical anomalies within the concepts and formal-
isms of established science. But when this fails, and when all legitimate
attempts to disqualify the anomalous data subside, there is no alternative
but to expand the conceptual base. Like Sherlock Holmes, when confronted
by an array of valid but irreconcilable evidence, we must boldly and cleverly
redefine the question. In so doing, however primitively and incompletely,
we shall not only enlighten some of our own enigmas and advance our
parochial understanding, but we may well offer all of science a precious key
to a more powerful future paradigm for many other areas of its endeavor.
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Count Population Profiles in Engineering
Anomalies Experiments

ROBERT G. JAHN, YORK H. DOBYNS, and BRENDA J. DUNNE
Princeton Engineering Anomalies Research, Princeton University

Abstract—Four technically and conceptually distinct experiments—a ran-
dom binary generator driven by a microelectronic noise diode; a determin-
istic pseudorandom generator; a large-scale random mechanical cascade;
and a digitized remote perception protocol—display strikingly similar pat-
terns of count deviations from their corresponding chance distributions.
Specifically, each conforms to a statistical linear regression of the form
dn/n = d(x - µ), where dn/n is the deviation from chance expectation of
the population frequency of the score value x divided by its chance fre-
quency, µ is the mean of the chance distribution, and 8 is the slope of the
regression line, constant for a given data subset, but parametrically depen-
dent on the experimental device, the particular operator or data concatena-
tion, and the prevailing secondary conditions. In each case, the result is
tantamount to a simple marginal transposition of the appropriate chance
Gaussian distribution to a new mean value µ' = µ + Ne, where N is the
sample size, or equivalently to a change in the elemental probability of the
basic binary process to p' = p + e, where p is the chance value and e = d/4.
Proposition of a common psychophysical mechanism by which the con-
sciousness of the operator may achieve these elemental probability shifts is
thwarted by the complexity and disparity of the several technical and logical
tasks that would be involved. More parsimonious, albeit more radical, ex-
plication may be posed via a holistic information-theoretic approach,
wherein the consciousness adds some increment of information, in the tech-
nical sense, into the particular experimental system, which then deploys it
in the most efficient fashion to achieve the experimental goal, i.e., the voli-
tion-correlated mean shift The relationship of this technical information
transfer to the subjective teleological processes of the consciousness remains
to be understood.

Introduction

Over the past twelve years, the Princeton Engineering Anomalies Research
(PEAR) program has accumulated very large data bases on a number of
human/machine experiments, including a variety of microelectronic ran-
dom and pseudorandom binary generators, a macroscopic random mechan-
ical cascade, and an assortment of analogue experiments using optical, me-
chanical, and fluid dynamical devices. For the most part, attention has been
focused on anomalous shifts of the mean values of the statistical output
distributions of these machines, compared to their calibration behavior and/

205
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or theoretical expectations, in correlation with prerecorded intentions of
their human operators. Full descriptions of the specific equipment utilized,
its qualification and calibration, the experimental protocols, safeguards
against spurious artifacts, data collection and processing techniques, the de-
tailed results, and their interpretation are available in many references
(Jahn, Dunne, & Nelson, 1987; Dunne, Nelson, & Jahn, 1988; Jahn &
Dunne, 1987; Nelson, Dunne, & Jahn, 1984, 1988a). In briefest summary,
the following hierarchy of effects has been established:

1. Systematic anomalous deviations of the output distribution means of
such devices can be replicably achieved by a large number of common hu-
man operators.

2. The scale of the anomalous effects are invariably quite small—tanta-
mount to a few bits per thousand displacement from chance expectation in
the binary machines—but over large data bases can compound to highly
significant statistical deviations.

3. The primary correlate of these deviations is the pre-stated intention of
the operator. Randomly interspersed accumulations of data taken under
three states of intention—to get higher values; to get lower values; to main-
tain the chance value—show clear and systematic separations from one an-
other and from the chance expectation.

4. The form and scale of these "tripolar" separations are identifiably oper-
ator-specific. Some operators achieve in both high and low intentions; some
in just one; some in neither; some regularly obtain shifts inverse to their
intentions; some even produce anomalous data under the null intention. But
these results are sufficiently characteristic of the individuals that they may
reasonably be termed operator "signatures."

5. The dependence of the results on the particular machines employed is
less clear. Some operators seem to transfer their signatures across two or
more devices, others show substantial differences from one device to an-
other, but in most cases the scales of achievement are preserved.

6. Sensitivity of the effects to a variety of secondary technical parameters,
such as length or pace of the experiment, form of feedback, whether the
operator chooses the direction of effort or is instructed by a random selector,
etc., is also found to be quite operator-specific. Some operators' perfor-
mances are profoundly affected by such options; others seem oblivious to
them.

7. Two operators attempting to influence the machine in a cooperative
fashion do not simply compound their signatures; rather, their joint results
tend to be distinctively characteristic of the particular pair.

8. These effects can be obtained by operators widely displaced from the
machines—up to distances of several thousand miles. In a number of cases,
the characteristics of a given operator's "remote" data closely concur with
his "proximate" data.

9. In some cases, remote effects can also be obtained when the operator's
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effort is substantially displaced in time from the actual operation of the
machine.

10. Although little systematic correlation with psychological or physiologi-
cal indicators has been attempted in this laboratory, there appears to be little
dependence of individual operator achievement on personality, style, or
strategy. All of the over 100 operators so far employed in these studies have
been anonymous and uncompensated, and none has claimed extraordinary
abilities before or after the experiments. When their individual effect sizes are
arrayed in ascending order, the distribution covers a continuous range only
slightly displaced from chance (Dunne, Nelson, Dobyns, & Jahn, 1988).

Although most of the data treatment and interpretation of these experi-
ments has heretofore concentrated on the anomalous deviations of the out-
put means, some incidental attention has also been paid to the behavior of
higher moments of the experimental distributions—variance, skew, kurto-
sis, goodness-of-fit, and other more elaborate statistical criteria—in the hope
of illuminating some aspects of the physical, psychological, and epistemologi-
cal mechanisms of these phenomena. The ultimate assessment of this type,
however, must entail systematic examination of the complete distribution
profiles, at whatever incremental scale the particular experimental readout
permits. For our ensemble of random event generators, for example, based
as they are on binary combinatorials, the most natural incremental units are
simply the integer count reports that distribute about the sample mean, e.g.,
for 200-sample binaries, the populations of counts... 98,99,100,101,102
..., etc. From such detailed distributions one may then determine whether
the shift of the mean is driven by an excess or deficiency of nearby counts,
counts in the tails, counts near the standard deviation, or by some regularly
distributed pattern of differences or by a totally random array. One may also
inquire whether individual operators invoke identifiably different count pat-
terns for their achievements, and how replicably so, thereby supplementing
their cumulative deviation mean signatures in characterizing their individ-
ual effects.

Unfortunately, given the highly stochastic nature of the process, the
marginal scale of the anomalous effects, and the number of parameters that
can influence operator performance, monumental amounts of data must be
accumulated before any credible systematic trends in the individual count
populations can be identified, and it is only relatively recently that our total
data base has reached adequate dimensions to support such an effort To
date, the microelectronic random event generator (REG) ensemble of ex-
periments has compounded to some six million trials, encompassing 108
operators, three machines, and three major protocol variations. From this
reservoir, a number of sufficiently large and self-consistent data subsets may
now be extracted, including some individual sets for a few of our more
prolific operators, that can reasonably be submitted to this count distribu-
tion analysis.
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Count Population Profiles in REG Experiments

The theoretically expected count distribution for any random binary gen-
erator trial follows from the Bernoulli binomial combinatorial

where n(x) is the frequency of count x, N is the number of binary samples
per trial, and p is the elemental binary probability of each sample. For all of
the experiments described here, N = 200, and all machines are designed to
provide p = 0.5. The corresponding binomial distribution is very well ap-
proximated by the Gaussian function

(2)

with mean µ = Np = 100 and standard deviation s = [Np(1 - p ) ] ½

= 7.0707. . . .All calibration data conform appropriately to these theoreti-
cal expectations, within an empirical uncertainty on p of 5 X 10-5 (Nelson,
Bradish, & Dobyns, 1989).

For virtually all composite or individual operator data subsets for which
statistically significant anomalous deviations of the mean are found, the
corresponding count distributions appear, well within the inherent experi-
mental noise, to retain essentially Gaussian profiles, albeit centered about a
displaced mean µ' = 100 + dp, where dµ is characteristic of the particular
subset, the intended direction of effort, and an assortment of prevailing sec-
ondary parameters. The essential question we wish to examine here is
whether the detailed forms of these translated distributions can provide any
insight into the basic nature of the anomalous phenomenon.

Given the tiny scale of dµ, it is best to deal in terms of the differential
count frequencies between the displaced distributions n'(x) achieved by the
operators, and the chance distribution, n(x) i.e., dn(x) = n'(x) — n(x).
Figure 1 shows sets of such dn(x) profiles for an overall REG data base of
some 3.8 million trials performed by 92 operators over a period of eleven
years under the tripolar intentions of high, low, and null, compared to an
appropriate set of calibration data. In this case, the null intention and calibra-
tion deviations are found to conform very well to statistical chance expecta-
tion, as evidenced by the essentially random alternation of positive and nega-
tive values, and by the small number that exceed the two-tailed .05 confi-
dence envelopes sketched on the graphs. The high and low intention data, in
contrast, show clear distributions of imbalance consonant with the total
mean shifts for these subsets. From these displays it is evident that the mean
shifts are being broadly supported by a preponderance of the individual
count deviations, rather than by more localized excesses or deficiencies in
the tails or elsewhere.

(1)
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Fig. 1a. Count frequency deviations. All diode REG: high, low.

Figure 2 shows the patterns of count frequency deviations for a single
operator's contribution to this same data set Although these distributions
are considerably noisier because of the smaller data base size, similar first
conclusions may be drawn. From a full array of such graphs for all individual
operator contributions to this and all other REG data subsets, it may be quite
generally concluded that significant anomalous displacements of the mean
are almost invariably broadly distributed across the corresponding count
distributions, rather than appearing as more localized departures from
chance expectations.

Temptations to search for yet more subtle features in these differential
count patterns are largely deterred by the inherent statistical noise which
even for these very large data sets tends to obscure any secondary regulari-
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Fig. 1b. Count frequency deviations. All diode REG: baseline, calibration.

ties. It is possible, however, to take another analytical step that may help to
illuminate the basic nature of the process underlying these anomalies.
Namely, if the count data are re-plotted as proportional deviations, i.e., as
the differences between the operator-generated distributions and the chance
distribution, normalized by the latter, (dn/n values in x,) a particularly
simple functional relationship tends to emerge in most cases. The data of
Figure 1 are regraphed in this form in Figure 3. (Counts below 85 and above
115 have now been excluded because their populations are too small to
provide stable estimates.) Despite their large stochastic swings, each of these
patterns can be statistically well fit by a linear regression of the form

(3)
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Fig. 2. Count frequency deviations. Diode REG: Operator 010.

i.e., by a straight line through the mean count, with characteristic slope 5. (In
these and subsequent figures, Z1 is the z-score denoting the significance of
the linear term in the regression; Z2 denotes the improvement that would be
made by retaining a quadratic term. Other details of the regression calcula-
tion are presented in the Appendix.) As shown in Figure 4, this form also
obtains at the level of the individual operator data of Figure 2, and has been
confirmed over many other composite and individual data sets not shown
here. In virtually all cases, the linear fit is statistically sufficient; the qua-
dratic, cubic, and higher terms are usually not needed.

This striking result is most parsimoniously consistent with the hypothesis
that the displaced distribution is still Gaussian, but with its elemental binary
probability, p = 0.5, somehow altered to a new value, p' = 0.5 + e, where the
size of e is characteristic of the subset or individual operator. This can be seen
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Fig. 3a. Proportional frequency deviations. All diode REG: high, low.

most directly by partial differentiation of the Gaussian function with respect
to the mean value, µ, holding x constant as parameter:

Inserting

and

(4)

(5)

(6)
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Fig. 3b. Proportional frequency deviations. All diode REG: baseline, calibration.

yields

(7)

In other words, a single incremental distortion of the elemental binary proba-
bility, commensurate with the overall mean shift of the Gaussian, manifests
as the observed linear displacements of dn/n.

This does not, of course, imply that each count deviation contributes
equally to the overall shift of the distribution mean. For this assessment one
requires the first moment of the deviations about the mean, which we might
term the leverage distribution, L(x) = dn(x - µ). Empirically, this distribu-
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Fig. 4. Proportional frequency deviations. Diode REG: Operator 010.

tion is found to reach a maximum at a count somewhat outside of the first
standard deviation. A theoretical leverage distribution can be computed
from the linear fit of Eq. (7) and the Gaussian n(x) approximation (2).

(8)

where C subsumes both the constant coefficients and the bias parameter, e.
For our values of n and a, this function has maxima at (x — µ) = ±\2s, i.e., at
the counts 110 and 90, consistent with the experimental distributions
sketched in Figures 5 and 6 for the overall diode data base and the single
operator, respectively.

It is tempting to leap from the generic result of relations (3) and (7) to
speculate on possible modes of interaction of the consciousness of the hu-
man operator with the REG noise source, whereby the elemental probability
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Fig. 5. Count leverage on mean shift. All diode REG: high, low.

of the microelectronic processes occurring therein might be altered by the
indicated amounts. It should first be noted, however, that considerable elec-
tronic processing is applied to the output of the primary noise diode prior to
the bit-counting stage, including the imposition of an alternating template
that compares the raw random bit string with a regularly alternating criterion
(+, -, +, — , + , — ) and counts the coincidences of sign. It is these coincident
count distributions that constitute the experimental data and are used as
feedback for the operators. While this strategy has the powerful technical
advantage of eliminating any possible influence of remanent DC bias that
might escape the extensive voltage regulation failsafe system, it considerably
complicates and delimits the modalities by which the operators' influence
may be imposed. In particular, introduction of a simple systematic bias in
the raw noise pattern or the primary bit string will not avail. Rather, the
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Fig. 6. Count leverage on mean shift. Diode REG, Operator 010.

effect must be exercised much further along in the preparation of the output
count sequence.

This complexity of interaction is underscored by similar treatment of re-
sults from "pseudorandom" versions of the REG experiments. Early in the
REG program, in an effort to assess the sensitivity of the observed effects to
the specific nature of the noise source, a number of other microelectronic
sources were developed, among them a hard-wired array of shift registers
that produces a deterministic string of pseudorandom digits (Jahn, Dunne,
& Nelson, 1987; Nelson, Dunne, & Jahn, 1984). This continuously running
string, which repeats itself every thirty hours, can replace the diode random
source in the composite REG circuit box by a flip of an external switch,
leaving all other functions of the experiment, including its feedback and data
processing, identical. Overall results using this pseudorandom version, in
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terms of intention-correlated, operator-specific shifts of the mean, are essen-
tially the same as with the electronic diode noise sources.

Since the only evident mode of operator influence on the output distribu-
tions of such a deterministic device is via the points of incursion into the bit
string, examination of the count population patterns should be particularly
interesting. Figure 7 shows dn/n for the entire pseudorandom data base of
some 700,000 trials. (No individual operator has yet generated sufficient
data on this device to support this analytical treatment.) Note once again the
linear fits of magnitude consistent with the overall mean shifts. Clearly, if we
are to retain the image of an induced bias in the underlying elemental proba-
bility, its mode of attainment must be extremely subtle. This point will be
further illustrated in the context of the more substantially different experi-
ments discussed in the next section.

Fig. 7. Proportional frequency deviations. All pseudo-REG.
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Bin Populations in a Random Mechanical Cascade Experiment

REG experiments like those described above have served as the bench-
mark studies of the PEAR program since its inception. From these have
radiated a number of ancillary experiments designed to explore systemati-
cally the dependence of the anomalous phenomena on various technical,
aesthetic, and procedural parameters, such as the scale of the machine, its
physical domain, the character of its feedback, the quality of its randomicity,
etc. Of these, the most extensively developed and deployed counterpart to
the microelectronic REGs has been a room-size "Random Mechanical Cas-
cade" (RMC) apparatus, shown in Figure 8a, wherein 9000 polystyrene
spheres are allowed to trickle downward through an array of 330 nylon pegs
to distribute themselves among 19 collecting bins lined across the bottom of
the device. Photodetectors track the entrance of each ball into each bin and
appropriate computational programs record and display on line the growing
bin populations, followed by the terminal distribution properties.

Fig. 8a. Random Mechanical Cascade Apparatus.
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The detailed mechanics of the ball trajectories through the peg maze are
much too complex to permit calculation of a theoretical bin population
distribution, but when properly aligned, the machine yields calibration dis-
tributions sufficiently close to Gaussian to allow analysis by conventional
parametric statistics (Figure 8b). Even so, various environmental vagaries,
most notably hydroscopic changes in ball and peg resilience and long term
ball and peg wear, preclude comparison of active experimental distributions
with any fixed reference. Rather, data are invariably taken and processed on
a tripolar differential basis wherein operator efforts to shift the distribution
to the right or to the left, or to take an undisturbed null, are compared locally
with one another.

Further details on the design, operation, and calibration of this machine,
and full presentations of the large bodies of operator-specific and composite
data, are available in the references (Nelson, Dunne, & Jahn, 1988a). Most
briefly, anomalous effects quite comparable in scale and character to those
obtained on the REG devices are found in these RMC experiments. In fact,
the entire hierarchical list of salient effects sketched in the Introduction
would apply equally well to this macroscopic mechanical faculty. Of primary
interest here, however, are the interior details of the terminal output dis-
tributions.

By its design and by its inherent statistical leverage, the RMC is even better
disposed than the REGs to display of incremental count distributions,
namely via the individual bin populations themselves. Indeed, although the
absolute number of experimental runs of this machine are substantially
smaller than for the REGs, there are fewer bins than REG counts, and the
bin population data are actually somewhat less stochastic and easier to pro-
cess. Figures 9 and 10, for example, show the mean differences in bin popula-

Fig. 8b. RMC baseline mean bin totals on theoretical Gaussian.
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Fig. 9. Mean bin population differences. All RMC.

tions for right versus left efforts for the entire RMC data base presented in
Dunne, Nelson, and Jahn (1988) and Nelson, Dunne, and Jahn (1988a),
and for the same individual operator, respectively. Note once again that a
large number of the bins contribute substantially to the overall mean shift,
rather than leaving the burden to any particular few.

As before, it is instructive to display these population decrements in dn/n
form, where the reference n here is the average of the right and left effort
populations for the corresponding bins. The results, like those shown in

Fig. 10. Mean bin population differences. RMC, Operator 010.
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Fig. 11. Mean proportional bin population differences. All RMC.

Figures 11 and 12 and for many other subsets not shown, again lend them-
selves to a simple linear regression of the form

(9)

where B is the bin number from extreme left to extreme right (10 is the
center bin) and 5 is the slope of the fit. (The significant quadratic correction,

Fig. 12. Mean proportional bin population differences. RMC, Operator 010.
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Z2 = -2.214, in Figure 11, is attributable to the spurious effect of the RMC
sidewalk, which tend to distort the end bin populations somewhat. If the
calculations are repeated with bins number 1 and 19 excluded, Z2 drops to
-0.754; if 2 and 18 are also excluded, Z2 becomes 0.132. In both cases the
value of Z1 and d remain nearly the same.)

The conformance of a large body of data on this macroscopical mechani-
cal RMC device to the same form of linear dn/n relationship found for the
microelectronic and pseudo REG results must have important implications
for comprehension of the generic anomaly at work in these vastly disparate
systems. In the previous section we commented on the technical complexity
of the task facing the operator in attempting to impose his characteristic
increment, e, on the basic binary probability, p, to achieve the observed
output results in the microelectronic and pseudorandom REGs. To this we
now must add the yet more imposing complexity of the RMC system, where
the elemental probability is deeply buried in a host of technical features, such
as the ball inlet conditions, the configuration and resilience of the scattering
pegs, and the high unpredictability of the ball/ball collisions that supple-
ment the ball/peg interactions. Indeed, although we have on occasion made
some attempts to interpret the observed bin population distributions of this
machine in terms of a "quasi-binary" combinatorial, it is quite clear that the
basic scattering events span wide ranges of elemental probability, and com-
pound in a highly hierarchical and non-linear fashion, so that the resem-
blance of the output distributions to the Gaussian must be far more fortui-
tous than fundamental. In this light, the similarity of the observed bin popu-
lation deviation patterns to those of the REGs becomes even more
remarkable than simply the scale and genre differences of these classes of
machine would suggest In fact, it makes any common mechanistic interpre-
tation so implausible as to require a more paradigmatic resolution.

Application to Remote Perception Data

The ubiquitous appearance of the count population patterns uncovered in
the various human/machine experiments outlined above and the implica-
tions thereof for the basic mechanisms involved can be projected even fur-
ther by one final example drawn from a substantially different sector of our
research program. For over twelve years, this laboratory has also carried
forth a coordinated experimental and theoretical component concerned
with the acquisition, evaluation, and interpretation of data in a variety of
protocols subsumed under the nomen of "Precognitive Remote Perception"
(PRP)—the acquisition of information about physical target scenes, remote
in both space and time, by common human percipients, using other than
normal sensory processes. The primary focus of this effort has been the
development of analytical judging techniques to quantify the anomalous
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information contained in the several hundred formal target perceptions ac-
quired in these experiments. These analytical strategies, fully described in a
sequence of publications (Jahn, Dunne, & Jahn, 1980; Dunne, Jahn, &
Nelson, 1983; Jahn et al., 1982; Dunne, Dobyns, & Intner, 1989), ultimately
yield distributions of perception scores that can be compared with empirical
chance distributions for the same scoring methods. Such pairs of score distri-
butions are found to correspond closely enough to Gaussian forms to allow
parametric statistical evaluation of the mean shifts and higher moments,
much like that applied to the REG and RMC data. Despite the much smaller
size of the PRP data base, the statistical significance of the mean shifts of the
score distributions are considerably greater than for the human/machine
experiments, with probabilities against chance ranging from 10-6 to 10-12,
depending on the particular data subset and scoring method.

If the PRP experimental and chance score distributions are binned into
discrete increments, they may be subjected to the same dn and dn/n analy-
ses used for the REG and RMC data. Figures 13 and 14 show the results of
such treatment of 277 formal PRP trials, ab initio encoded, employing a
global target pool and both instructed and volitional protocols (Dunne,
Dobyns, & Intner, 1989). The similarities of form to the human/machine
data are unmistakable; the interpretation, however, is even more obscure.

All of the PRP scoring methods are based on an array of thirty binary
descriptors ranging from very factual to very impressionistic details, such as
whether the scene is outdoors, whether it is noisy, whether people are pres-
ent, etc., that are answered by the percipients after dictating their free re-
sponse narratives. Each of these descriptors has a particular frequency of
occurrence across the target pool of all scenes in a given data set. The percip-

Fig. 13. PRP score frequency differences. All ab initio data.
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Fig. 14. PRP proportional score frequency differences. All ab initio data.

ient's response to each descriptor is compared to the proper statement for the
given target, and that result is weighted in terms of the descriptor frequency.
Thus, the linear dn/n pattern of Figure 14 is equivalent to a uniform slight
improvement in the statistical likelihood of the percipients' proper identifi-
cation of the target descriptors, beyond their normal chance occurrence
across the utilized target pool. Mechanistically, this seems far removed from
the alteration of bit probabilities in an REG, or from the systematic marginal
migration of balls in an RMC, yet the dn/n pattern similarities among them
are unmistakable.

The tantalizingly similar simple patterns of the count deviations in these
four disparate experiments, tantamount in each case to marginal transposi-
tion of the chance Gaussian distributions consistent with incremental
changes in their elemental binary probabilities, begs for some correspond-
ingly simple common hypothesis for the attainment of these several empiri-
cal anomalies. Yet, the individual complexity and collective differences in
the interior technical processes involved quickly render any such hypotheti-
cal mechanisms extremely convoluted at best, suggesting that a more generic
and holistic approach, even if more radical in its paradigmatic implications,
may ultimately be more productive. With no pretense of empirical verifica-
tion or theoretical uniqueness, the remaining paragraphs offer one such possi-
ble representation.
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In a strictly technical sense, the only difference between the chance expec-
tations of the various experimental outputs and their demonstrated anoma-
lous results is a matter of information. In each case, the anticipated random
array of output digits, bin populations, or target descriptor scores has been
slightly ordered, thereby decreasing its overall entropy, and raising its overall
information content. Since the only empirically demonstrated primary corre-
late of this achievement is the pre-stated intention of the human operator, it
is reasonable to assume that the source of this information increment is the
consciousness of that operator. Whether the process is regarded as a direct
transfer of information from the operator's consciousness to the machine's
"consciousness," or as an internal rearrangement of the total information
content of the bonded operator/machine system—although a philosophi-
cally intriguing distinction in its own right—is not of primary relevance here.
Rather, the essential feature is that the particular output pattern now finds
itself obliged to assimilate this increment of information.

In simplistic terms, the pattern has two options: it may retain a Gaussian
distribution, displaced by the requisite amount to accommodate the full
information increment solely within its mean shift; or, it may distribute
some or all of the information into an internal rearrangement of the count
distribution, e.g., by changing its variance, developing a skew or kurtosis, or
forming a more pathological pattern. In opting for the former reaction, as
our empirical results indicate, the added information is utilized in the most
efficient fashion to fulfill the stated teleological task of the operator, in this
case to shift the mean score, squandering none of it in unproductive internal
distortions of the distribution. This option, which seems to be commonly
elected in all of the various experiments described, thus takes the form of a
"minimum information" principle, with the consciousness of the operator
somehow specifying the nature of the experimental goal, and the output
pattern deploying the minimum information necessary to achieve it

A critical test of this hypothesis would be for the operators to address tasks
other than shifts of the mean in otherwise similar experimental protocols,
e.g., to attempt to change the distribution variance, to develop asymmetries,
or to overpopulate particular counts, to see whether the systems respond in
similarly efficient modes to fulfill these volitions. Unfortunately, given the
huge data bases that would be needed to substantiate such statistical pat-
terns, we are a long way from being able to validate the model in this more
general form. The only relevant evidence in hand is from two operators who,
in relatively small data sets, succeeded in significantly altering REG distribu-
tion variances, without substantially affecting the mean or other moments,
and from a third who achieved similar effects on the RMC. One other opera-
tor has had minor success in over-populating particular preselected RMC
bins. Many more data of this sort are clearly required.

Any information transfer model for the observed phenomena inevitably
entails, energy transfer considerations as well, on purely physical grounds. Of
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the three recognized currencies of the physical world—substantial matter
(mass), energy, and information—the relationship between the first two has
been unequivocally established via Einstein's monumental equation and has
dominated much of twentieth century physical science. The relationship
between energy and information has been less incisively formulated and less
extensively exploited, although models and empirical examples exist in
many physical sectors, notably the Second Law of Thermodynamics; the
quantum mechanical exchange energy of covalent molecular bonds; various
electromagnetic resonance and coherence situations such as lasers and
masers; and, of course, fundamental information theory à la Shannon and its
many derivatives. The classical separation of these three physical currencies
over most of scientific history is attributable to the huge size of the transmu-
tation coefficients that relate mass to energy, and energy to information,
respectively.

In our experimental situation, the inversion of a small fraction of the
information bits from their chance configurations or, equivalently, the shift
in the apparent elemental probabilities, also has energetic as well as informa-
tive implications, although the former are of miniscule scale, again given the
magnitude of the transmutation coefficient Nonetheless, what is of over-
arching interest here is the possibility that the consciousness of the operator,
using that capacity for which it is most extraordinarily equipped—the pro-
cessing of information—has in these interactions entered proactively into
the affairs of the physical world, rearranging not only a portion of its infor-
mation array, but thereby accessing its energy, and thence, by inference, its
very substance. Extrapolating to more general implications, this model
would thus suggest that the third side of the mass-energy-information trian-
gle of physical currencies can provide a natural entry for human conscious-
ness to participate in the construction of tangible reality, if we can but com-
prehend the dynamics of transfer of the subjective information of the mind
to the technical information of the cosmos.
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Appendix

Error-Weighted Linear Regression

All of the data consist of many observations of a dependent variable yi,
each associated with an independent variable value xi and involving a mea-
surement uncertainty si. A linear model assumes that the data are of the
form

(D

where ei is an error term with mean zero. In an unweighted regression it is
usually assumed that the error terms are all drawn from a common distribu-
tion, whereas for the weighted regression employed here the ei are presumed
to have variance s2i. It is further assumed that the various ei are independent
The goal of a regression analysis is to construct sample estimates bo of B0 and

A least-squares approach that minimizes the total, normalized squared
error,

seems a natural choice in that it gives the error term a x2 functional form
when the ei are normal, and includes the unweighted regression form as a

(2)
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special case. This total error may be minimized by finding zeroes of its
partial derivatives,

On simplification, Eqs. (3) become a set of linear equations in two un-
knowns,

which may readily be solved for b0 and b1, yielding

Note that both b0 and b1 are linear combinations of the yi , so that

where

and

(8)

(3)

(4)

(5)

(6)

(7)
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These k coefficients have the addition properties: S k0i = 1, S koixi = 0,
S k1i = 0, and S k1ixi = 1 , from which it follows that the expectation values
of b0, b1 are indeed the model parameters B0, B1 :

where the last equality follows from the addition properties of k0i and the
fact that E[ei ] = 0 for all i, by definition. A parallel derivation with the k1i
shows that E[b1] = B1.

In order to establish confidence intervals for the model parameters, it is
also necessary to know their variances. Using s 2 [ x ] to denote the variance of
a formula x, we note from the rules for variances of linear combinations that

But, by the assumptions of the model, s2[yi] = s2[ei] = s2i. Therefore s 2 [ b 0 ]
= S (k0isi)2 and, by a similar derivation, s2[b1] = S (k1isi)2. This allows
confidence intervals on b0 and b1 to be established.

In addition to inferences regarding the individual parameters, it is also
often desirable to form joint inferences about the regression line that results
from combining them. The hyperbolic confidence band that results from
such calculations is an envelope about the regression line such that, with the
stated likelihood, the actual model line Y = B0 + B1x lies entirely within the
envelope. Establishing the confidence band requires calculation of the model
prediction variance s2[ Y] where Y = b0 + b1x is the predicted value of the
regression line at a given point x. The may be computed as

(11)

where the intermediate expansion is needed because, while the variances
of bo and b1 are known, they are not independent Given a formula
for s2[Y]. the locations^ of the confidence band limits are Y
± ^2F[l - a; 2, n - 2]<r2[Y] where n is the number of data points and
F[l — cc, 2, n — 2} is the 1 — a quantile of the F distribution for 2 and n — 2
degrees of freedom. In other words, it is the number such that an F distribu-
tion with 2 d.f. in the numerator and (n — 2) d.f. in the denominator has a
probability a of producing a larger value (Neter & Wasserman, 1974).

An important concern of any linear regression model is whether it leaves

(9)

(10)
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some non-random component of the data unaccounted for. The simplest
way to test this is by examination of the residuals after the regression line
prediction is subtracted from the data. A rescaling of the x axis values to x2,
x3 or any other suspected contributing term can then be performed, and the
resulting data fitted with a new regression line to be examined for significant
slope. The absence of such a slope does not totally guarantee that the contrib-
uting term is not present, but only that the data are insufficient to resolve it if
it is.

Regression Line and Mean Shift

As demonstrated in the body of the text, if the theoretical frequency for the
zth count value is denoted by ni; the empirical frequency is n'i; the deviation
of the ith count from the theoretical mean is xi; and the elementary success
probability is 0.5 + d then

(12)

is the expected proportional shift in the population of the ith count value.
Two other quantities that are useful for this discussion are Pi, the actual
population of the ith count in a given dataset, and ti, the theoretical popula-
tion expected in a dataset of N trials. Note that P, = An,-, f, = Nnf, and 2 tf
= 2 P,:- N all hold as identities from their respective definitions. Alterna-
tively 2 P, = # may be regarded as the definition of N.

To consider this in the context of the regression analysis above, we may
identify y, = (Pt — tf)/;,- with the proportional shift in population for each
count value. We then note that under the null hypothesis P, is random with
expectation /,• and standard deviation V//. Since a, are the standard devia-
tions of yt for the regression analysis, <r, = 1 / yr/ follows.

The mean shift is clearly coupled to the individual count totals. The mean
shift m - ^ of a given population is the total deviation from the expected
value, divided by the total population, that is,

(13)

From the definitions above, however, P, = y/£ + f,. Since the xt are denned
as deviations from the mean value, and the r, are always symmetrically
distributed about the mean value, the term 2 xlti vanishes identically, so
that

(14)

The 8 value that corresponds to this mean shift is calculated as follows: for p
• = 0.5, n is the expected number of hits in however many binaries are gath-
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ered to form one trial; therefore the number of binaries in question is 2/t. The
probability of a hit in one binary is m/2n, where m is the empirical trial
mean, so that

Combining (14) and (15), we obtain $ = (1/2/*) "2 n/Xj-y,, which may be
used in the right hand side of (12) to compute the predicted proportional
shift y, for each count value:

Now let us consider the linear regression fit that is computed for x, , y, , and
fff as defined above. First, since the bin probabilities are symmetric about the
theoretical mean, and x, is by definition the deviation from that mean,
2 Xf/ffj = 2 xtti = 0. This simplifies the formulas (5) for the regression
coefficients to

(17)

Noting that 2 P,- = 2 /,- = Wand Pf = y^ + r/ are both required, we conclude
that 2 tg y,, = 0; this is in essence a constraint equation on yt that follows from
the fact that the /, are normalized to the actual population. Applying this
relation in (17) we see that b0 now vanishes identically. The formula for b:
may be simplified by noting that 2 tgxj is N times the trial variance. Since
the number of binaries per trial is2u, from the binomial formula the trial
standard deviation is ^2ftpq = V/i/2 for p = q = 0.5. Therefore the trial
variance is just ft/2 and 6, = 2 r, ̂ y,/^/*/^) = (2/n) 2 «,oc, J,. The regres-
sion line prediction for the /th bin is thus Yf = (2//t)(2 n^y^x^ which is
identical to Eq. 16. In other words, the regression line and the mean-shift
prediction line are identical, unless the set of counts is incomplete, so that
count-conservation conditions such as 2 Pf = 2 *, are not perfectly obeyed.
This latter situation actually arises in many cases, including those covered by
this paper, whenever extreme count values, i.e., those in the tails of the
distributions, are insufficiently populated to allow stable estimates, and must
be excluded.

One can also show that the regression line preserves the mean shift, or, to
paraphrase, that a hypothetical data set, whose count population all fall
exactly on the regression line obtained from an actual data set, has exactly
the same mean shift as that data set. From (14) the mean shift produced by
the actual data is dM = 2 n, x, yt. The various symmetries and conservation

(15)

(16)
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conditions coerce the regression parameters to b0 = 0, bi = (2 ra,-x, >•,)_/
(2 «/xf). The predicted Y values for the regression line are then Yt
= x,-(2 nj-Xj-y^/CZ «,*;). But formula (14) for the mean shift applies to any
set of yi, so the mean shift for the hypothetical set Yi, can be calculated:
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Abstract—Bayesian analysis may profitably be applied to anomalous data
obtained in Random Event Generator and similar human/machine experi-
ments, but only by proceeding from sensible prior probability estimates.
Unreasonable estimates or strongly conflicting initial hypotheses can project
the analysis into contradictory and misleading results. Depending upon the
choice of prior and other factors, the results of Bayesian analysis range from
confirmation of classical analysis to complete disagreement, and for this
reason classical estimates seem more reliable for the interpretation of data
of this class.

Introduction
The relative validity of Bayesian versus classical statistics is an ongoing ar-
gument in the statistical community. The Princeton Engineering Anomalies
Research program (PEAR) has heretofore used classical statistics exclusively
in its published results, as a matter of conscious policy, on the grounds that
the explicit inclusion of prior probability estimates in the analysis might divert
meaningful discussion of experimental biases and controls into debate over
the suitability of various priors. Nonetheless, Bayesian analysis can offer some
clarifications, particularly in discriminating evidence from prior belief, and
is therefore worth examination.

In this article we apply the Bayesian statistical approach to a large body of
random event generator (REG) data acquired over an eight-year period of
experimentation in the human/machine interaction portion of the Princeton
Engineering Anomalies Research (PEAR) program. When assessed by classical
statistical tests, these data display strong, reproducible, operator-specific
anomalies, clearly correlated with pre-recorded intention and, to a lesser
degree, with a variety of secondary experimental parameters (Nelson, Dunne,
and Jahn, 1984). When assessed by a Bayesian formalism, the conclusions
can range from a confirmation of the results of the classical analysis with
essentially the same p-value against the null hypothesis, to a confirmation of
the null hypothesis at 12 to 1 odds against a suitably chosen alternate, de-
pending on how the analysis is done and what hypotheses are chosen for
comparison.

The intent of this paper is to examine both the range of conclusions possible
from Bayesian analysis as applied to a specific data set and the implications

23
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of that range. The empirical meaning of families of prior probabilities that
lead to related conclusions is of particular interest. We will also examine the
relation between Bayesian odds adjustments and classical p-values in light of
considerations of statistical power and the likelihoods of what a classical
statistician would call "Type I" and "Type II" error. (At various times it will
be necessary to contrast Bayesian with non-Bayesian approaches which are
variously called "frequentist", "Fisherian", or "sampling theory" statistics.
While acknowledging that non-Bayesian statistics are a conglomerate category
on the order of "nonelephant animals," for purposes of this discussion any
analytical approach that does not include an explicit role for subjective prior
probabilities will be called "classical.")

Elementary Bayesian Analysis
Bayes' theorem (p(t\y)p(y) = p(y\t)p(t)) is a fundamental result of proba-

bility theory from the properties of contingent probabilities. Its analytical
application is that of revising prior probability estimates in light of evidence,
that is, of determining the extent to which various possibilities are supported
by a given empirical outcome. In the most basic application of Bayesian
analysis one is assumed to have a model or hypothesis with one or more
adjustable parameters 0. One's state of prior knowledge, or ignorance, may
be expressed as a prior probability distribution p0(0) over the space of possible
t values. It is further assumed that some method exists by which a probability
p ( y \ t ) can be computed for any possible experimental outcome y, given a
definite parameter value 6. In standard REG experiments, for example, B
consists of a single parameter, the probability p with which the machine
generates a hit in an elementary Bernoulli trial. The probability of exactly 5
successes in a set of n trials is then given by the binomial formula

/ \
where ( I is the combination of n elements taken s at a time, namely n!/[s!(n
- s)!].

By Bayes' theorem, Equation (1) may alternately be regarded as the prob-
ability of a parameter value p, given actual data n and s. When cast in this
form, p is more commonly called the likelihood, l. The general recipe for
updating one's knowledge of parameter(s) t in light of evidence y is expressed
by

(1)

where p,(t|y) is the posterior probability distribution among possible values
for B, given the prior distribution p0 and the likelihood l. For the case of REG
data,

(2)
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Note that (2) and (3) are expressed as proportionalities rather than equalities.
While there is always a normalization for l such that l(p\y)p0(t) has a total
integral of 1, this normalization in general depends on p0(t). Specifically, the

use of L(t\y) = l(t\y)/ I dKL(9\y}tt^S), where I denotes integration over all
Ji Je

possible values of t, produces the correct normalization. The relations (2) and
(3), on the other hand, express l purely as a function of y and t without
reference to prior probabilities. The conceptual clarity of stepping from one
state of knowledge about 6, or probability distribution over 6, to another, with
the aid of a quantity that depends only on objective evidence, thus entails
the cost of renormalizing the posterior probabilities to a total strength of 1
as the last step in the calculation.

Since it is already a proportionality, expression (3) may be simplified to

Bayesian Analysis of REG Data
Let us now apply Bayesian formalism to the body of REG data presented in
Margins of Reality (Jahn and Dunne, 1987), also published in the Journal for
Scientific Exploration (Jahn, Dunne, and Nelson, 1987). From the summary

(3)

(4)

where the combinatorial factor, lacking p dependence, has been subsumed
into the normalization. This form illustrates an important feature of Bayesian
analysis. After prior probabilities have been adjusted in the light of first
evidence, the resulting posterior probabilities may then be used as priors for
subsequent calculation based on new evidence. For example, after two stages
of such iteration,

(5)
Note, however, that one can argue with equal merit that the posterior prob-
abilities after both data sets y,, y2 are available should just be p2(t|yl, y2)
2(01^1 + y^oW- For these formulas to produce different values of p2 would
be contradictory, i.e., the evidence would support different conclusions de-
pending on the sequence in which it was evaluated. This can be avoided only
if l has the property £(0|y, + yj oc £(fl|y1)fi(0|j>2). The likelihood function £
= ^(1 — p)"~* indeed has this essential addition property:

(6)
Since Bayesian formalism is internally consistent, a calculation such as (6) is
essentially a check on the validity of the likelihood function; any legitimate
£ must have the appropriate addition property.
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table on pp. 352-53 of the book and pp. 30-32 of the Journal article, the
"dPK" data consist of some 522,450 experimental trials totalling n =
104,490,000 binary Bernoulli events. The Z score of 3.614 is tantamount to
an excess of 18,471 hits in the direction of intention. From relation (4), the
likelihood function for Bernoulli trials is £(p | n, s) = ff(\. - pf~s. The mean
of this p distribution is (5 + !)/(« + 2); for large n its standard deviation is
a a = —7= + O(\/ri); and it becomes essentially normal. With the values2vn
above,

(7)

Figure 1 shows this likelihood function for the REG data against a range of
p values from 0.4999 to 0.5004. Also shown for comparison is the interval
of p values that are credible under the null hypothesis, calculated as outlined
below.

The REG device itself is constructed to generate groups of Bernoulli trials
with an underlying hit probability as close to exactly 0.5 as possible (Nelson,
Bradish, and Dobyns, 1989). As part of its internal processing, it compares
the random string of positive and negative logic pulses from the noise gen-
erator with a sequence of regularly alternating positive and negative pulses
generated by a separate circuit Matches with this alternating "template" are
then reported as hits in the final sum. This technique effectively cancels any
systematic bias in the raw noise process. While it is conceivable that some
bias in the final output could still occur, if for example some part of the
apparatus contributed an oscillatory component to the noise that happened
to be exactly in phase with the template, or if the counting module should
systematically malfunction, such remote possibilities are precluded by a num-
ber of internal failsafes and counterchecks incorporated in the circuitry. The
device was extensively and regularly calibrated during the period that the
Margins data were collected, and from these calibration data it was established
that, if p is expressed as 0.5 + 6, then |d| < 0.0002, with no lower bound
established.

Yet further protection against bias is provided by the experimental protocol,
wherein each operator generates approximately equal amounts of data in three
experimental conditions. These are labeled "high," "low," and "baseline" in
accordance with the operator's pre-recorded intentions. The "dPK" data in
Margins are differential combinations of "high" and "low" intention data;
the combined result is equivalent to inverting the definition of success for the
"low" data and computing the deviation of the resulting composite sequence
of high and low efforts from chance expectation. Thus, to survive in the dPK
results, any residual artifactual bias of the device or the data processing would
itself have to correlate with the operator's intention. Specifically, if p0 = 0.5
+ d is the probability of an "on" bit, a data set containing a total of Nh bits
from the high intention and N, bits from the low intention (where the goal is
to get "off" bits) will have a null-hypothesis p in the dPK of:
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Fig. 1. Likelihood function for PEAR REG data.

(8)

Thus, when N* = N,, p^ = 0.5, regardless of the value of 5. For the actual
Margins data, with Nk = 52,530,000 bits and N, = 51,960,000 bits, (N,, -
#;)/(#* + Nt) = 0.0055. Given |d| < 0.0002 as above, the maximum possible
artifactual deviation from pd = 0.5 is 1.1 x 10-6. This value is the source
of the null hypothesis interval shown in Figure 1.

While the issue of possible sources of bias in the REG data could be treated
at considerably greater length (see, for a fuller treatment, Nelson et al., 1989)
such discussion is a separate issue from the statistical interpretation of the
data. It has been mentioned here only to explain the derivation of the null
hypothesis interval.

Having established the likelihood function (Eq. 7), let us now consider
various sets of prior probabilities with which £ may be combined to arrive
at a posterior probability distribution for the value of p in the actual exper-
iment. First, consider the prior probability corresponding to extreme skep-
ticism. A person who regards any influence of consciousness on the REG
output to be impossible a priori should, by the tenets of Bayesian analysis,
choose a prior p0(p) = 5(p - 0.5), where 5(x) is the standard Dirac delta

function defined by the property I /(x)5(jc - x0)dx = f(x0) for any f and any
Ja

a, b such that a < x0 < b. It then follows that p1(p) will also be a delta
function, and after normalizing must in fact be the same function. Since this
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choice of prior probability is clearly impervious to any conceivable evidence,
it is illegitimate in any effort to learn from new information, however strongly
held on philosophical grounds.

As an extreme alternative, one might select a prior evincing complete ig-
norance as to the value of p, by regarding all the possible values of p as equally
probable: p 0 (p) = 1 for p e [0, 1] as illustrated in Figure 2a. With this prior
the posterior probability p1(p) must, of course, have exactly the same shape
as l. This replicates classical analysis in the following sense: £ is normal with
its center 3.614 standard deviations away from p = 0.5, so, if we define
confidence intervals in p centered on the region of maximum posterior prob-
ability, we may include as much as 99.97% of p1(p) before the interval becomes
compatible with a point null hypothesis, corresponding to the 3.0 x 10-4 p
value of a two-tailed classical test. Accounting for the actual spread of the
null hypothesis slightly narrows this interval, raising the equivalent p value
to 3.3 x 10-4.

It is, however, unnecessary to assume this level of ignorance to arrive at a
very similar result For example, one might regard it as plausible, in light of
the measures taken to force p = 0.5, that p ought to have some value in a
narrow range centered about 0.5 but that within that range there is no strong
reason to prefer one p over another. This defines a one-parameter family of
"rectangular" priors characterized by their width w.

(9)

Figure 2b illustrates the member of this family with w = 10-3. Use of this
prior essentially replicates the result from the uniform prior of Figure 2a,
since it still includes all of the likelihood function except for tiny contributions
in the extreme tails. In consequence, p1 has the same shape as in the previous
case for the region 0.5 — w/2 < p < 0.5 + w/2, but is uniformly augmented by a
multiplicative factor to compensate for the missing tails. Until w is made
small enough that 0.5 + w/2 comes within a few standard deviations of the
maximum of £ the effects of this correction remain negligible.

Obviously, if the prior is made sufficiently narrow it will become indistin-
guishable from the null hypothesis interval and the resulting posterior prob-
ability can no longer exclude the null hypothesis interval from the region of
high likelihood. Figure 3 displays the equivalent p value with which the null
hypothesis is excluded for a range of widths of the prior; as above, this p is
the conjugate probability to the widest confidence interval about the maxi-
mum of p1 that does not include any of the null hypothesis interval. The line
labeled "Breakpoint" marks a value of special interest for the width of the
prior. For wider priors, the upper limit of the confidence range for the Bernoulli
p is established by the symmetry condition about the peak, and the condition
that the interval not include the null hypothesis range. For narrower priors,
this upper limit is dictated by the width of the prior itself. It is unsurprising
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Fig. 2. Likelihood and different priors.

that this change of regimes is accompanied by an inflection in the p value of
the null hypothesis. Beyond the left edge of Figure 3, we should note that
when the width of the prior drops to 2.2 x 10-6, the same as the null hy-
pothesis, the p value of the null rises to 1. This is essentially the same im-
perviousness previously seen in the delta-function prior. Indeed, the family
of rectangular priors tends toward a delta function in the limit as the width
goes to zero. However, values consistent with the null hypothesis are still
excluded at p = 0.05 for w as small as 8.7 x 10-5. Note that this is of the
same order as the width of the likelihood function itself.

Further perspective on the interplay of the evidence with a prior preference
for the null hypothesis interval may be obtained by considering another family
of priors that specifically favor the null hypothesis to varying degrees but do
not have sharp cutoffs of probability. Let p0(k, p) = [(2k + l)!/(k!)2]pk(l - p)k
for any k. All of these functions are properly normalized probability distribu-
tions, with mean 0.5 and standard deviation s = ½\/(k - 1)/(2k2 + 5k + 3),
which tends to — /= for large k. These functions also become increasingly
normal for greater k. As in the previous case, they tend to a delta function in
the limit k — oo. When one of these functions is used as a prior with l from
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Fig. 3. Conjugate confidence intervals from rectangular priors.

the Margins data, the resulting «-, has mean /a, = (s + 1 + k)/(n + 2 + 2k)
and standard deviation oti = llr\/n + 2k (in the large-/: approximation, which
is clearly justified), as can be seen from the functional form of £ and the fact
that multiplying by w0 is equivalent to the substitution s — s + k, n — n +
2k, up to normalization. The equivalent Z score, that is, the number of its
own standard deviations that separate the peak of the posterior probability
distribution from the null hypothesis, becomes Z = (2s - n)/\/n + 2k. While
this clearly tends toward zero as k — oo, it is also clear that large values of
k, and hence extremely narrow priors, are needed to change the result appre-
ciably. Figure 4 presents the equivalent p value, as defined for Figure 3, for
this family of priors as a function of k. Also shown is the width (standard
deviation) of the prior, indicative of how strongly the null hypothesis is
favored. Note that to drive the p value above 0.05 (that is, to bring the null
hypothesis interval within the 95% confidence interval of the posterior prob-
ability) a k > 108, or a o- < 3 x 10~5, is required. Here the characteristic scale
of the prior is actually narrower than that of the likelihood.

An alternative way of favoring a narrowly defined region of probability
often employed in Bayesian analysis, as pointed out by the reviewer of an
earlier version of this work, is to put some of the prior probability in a "lump"
at the preferred value. In this case, for example, one might modify any of the
priors above by multiplying it by 1 — a and then adding aS(p — 0.5), for any
0 < a < 1; this inflates the degree of probability accorded the null hypothesis.
Large values of a are not very interesting, since a = 1 replicates the completely
impervious delta-function distribution. Consider a family of priors that might
be regarded as plausible by an analyst who believes the null hypothesis has
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Fig. 4. Conjugate probabilities from It-family of priors.

considerable support but who has no reason to prefer one value of p over
another within some reasonable range for the alternate. This might be rep-
resented as no(fl, w, p) = ad(p - 0.5) + (1 - a)xj(p), where vw(p) is the same
"rectangular" prior denned as v0(w, p) in Eq. 9. Thus v0(a, w, p) is a two-
parameter family of priors in a, the extra weight initially assigned to the null
hypothesis, and w, the range of plausible alternatives. The confidence-interval
formulation discussed above is somewhat awkward for the posterior proba-
bility resulting from these functions, since they are highly bimodal. However,
this bimodality arises from the preservation of the delta-function component
and also suggests that the posterior probability of the null hypothesis, given
this prior, may be computed from the strength of the delta-function null in
the (normalized) posterior probability IT,. The contribution from the part of
the «•„ component compatible with the null hypothesis is negligible for most
values of a and w.

The upper portion of Figure 5 presents a contour plot of the posterior
probability of p = 0.5 for a range of a and w values. Both scales are logarithmic,
with grid lines shown at 1, 3, 5, 7, and 9 times even powers of 10. For a
values as large as 0.9, the posterior probability of the null is less than 0.05
for w « 5 x 10~*. As a grows the calculation becomes less sensitive to w and
less responsive to the data, as expected.

The lower portion of Figure 5 shows a related quantity of interest, the
relative strength of the null hypothesis in the prior and posterior distributions
as given by the coefficient of the delta-function component. This can be
regarded as the degree to which the null hypothesis component is amplified
by the evidence. Two noteworthy features are that for small a values this
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Fig. 5.

amplification factor tends toward a constant depending only on w, and that
even for a « 0.85, the null hypothesis emerges twenty times less likely after
accounting for the evidence for w = 5 x 10~4.

In summary, an examination of various possible prior probability distri-
butions leads to conclusions ranging from confirmation of the classical odds
against the null hypothesis to confirmation of the null hypothesis, depending
on one's choice of prior. Priors that lead to confirmation, or low odds against,
the null hypothesis, are associated with large concentrations of probability on
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the null hypothesis, or ranges around the null that are narrow compared to
the likelihood function. In other words, they must be relatively impervious
to evidence.

For all of these examples, the evidence (as manifested in the likelihood
function) has remained constant. The variability of the conclusions has re-
sulted entirely from the various choices of prior probability distribution. With
the pure delta-function prior standing as a cautionary example of a prior belief
that cannot be shaken by any evidence whatsoever, it seems suggestive that
those priors which lead to conclusions most strongly in disagreement with
the classical analysis are precisely those which most nearly approach the delta-
function. A possibly oversimplified summation is that the likelihood function,
taken alone, would lead to the same conclusion as a classical analysis, while
the more an analyst wishes to favor the null hypothesis a priori, the more the
posterior conclusions will likewise favor the null. This at least suggests that
a prior hypothesis leading to strong disagreement with classical analysis may
be inappropriate to a given problem.

Concerns of appropriate choices of prior hypotheses will be addressed fur-
ther below, in light of another method of analysis.

Bayesian Hypothesis Testing and Lindley's Paradox
The last example in the previous section was chosen in part because it leads

rather directly to the question of using Bayesian analysis to compare two
distinct hypotheses, rather than evaluating a parameter range under a single
hypothesis. Consider for example the hypotheses p0(t) and p1(t), where p1
now denotes an alternative prior. Let p0 and p1 denote prior probabilities on
the hypotheses, with p0 + p1 = 1 so that the two hypotheses comprise ex-
haustive alternatives. The relative likelihood of the hypotheses can also be
stated as the prior odds W = P0/P1.

Given the two hypotheses and their respective prior probabilities, an overall
prior probability distribution for 6 can be constructed p ( t ) = p0p0(t) + P1p1(t).
This may then be used in a Bayesian calculation resulting in a posterior

probability *'(6) = L(6\y}*(6), where L(6\y) • W\vV I W\y)*(0W is theJ»
normalized likelihood. This posterior probability can unambiguously be di-
vided into components arising from the two hypotheses, p' = <,+ »i, such
that

and likewise for p\. Thus the posterior odds are

(10)

The posterior probabilities for the two hypotheses are clearly the total integrals
of their respective contributions to the overall posterior probability: p'0 =
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where L(B\y) «. S(9\y) has been used to eliminate the explicit normalizing
constant The last two lines of Eq. 11 define the Bayesian odds adjustment
factor, or odds ratio, B(y). Note that, unlike %(6\y), B(y) is not completely
objective, since prior probability distributions are required to calculate it.
Applications of this formula are referred to as Bayesian hypothesis testing,
as distinct from the Bayesian parameter evaluation described in previous
sections.

In the general context of Bayesian hypothesis testing there can arise an
oddity in the statistical inference between the two alternatives. When a point
or very narrow null hypothesis TO is being tested against a diffuse or vaguely
characterized alternative hypothesis TT, Bayesian hypothesis testing may lead
to an unreasonable result in which data internally quite distinct from the null
hypothesis are nevertheless regarded as supporting the null in preference to
the alternate. Mathematically, a likelihood £ whose maximum is several stan-
dard deviations away from the null still yields B(y) > 1. This situation is
referred to by various authors as Jeffreys' paradox or Lindley's paradox. It is
well described by G. Shafer (1982):

"Lindley's paradox is evidently of great generality; the effect it exhibits can arise
whenever the prior density under an alternative hypothesis is very diffuse relative to
the power of discrimination of the observations. The effect can be thought of as an
example of conflicting evidence: the statistical evidence points strongly to a certain
relatively small set of parameter values, but the diffuse prior density proclaims great
skepticism (presumably based on prior evidence) towards this set of parameter values.
If the prior density is sufficiently diffuse, then this skepticism will overwhelm the
contrary evidence of the observations.

"The paradoxical aspect of the matter is that the diffuse density v,(6) seems to be
skeptical about all small sets of parameter values. Because of this, we are somewhat
uneasy when its skepticism about values near the 'observed interval' overwhelms the
more straightforward statistical evidence in favor of those values. We are especially
uneasy if the diffuseness of *-,(#) represents weak evidence, approximating total igno-
rance; the more ignorant we are the more diffuse *-,(0) is, yet this increasing diffuseness
is being interpreted as increasingly strong evidence against the 'observed interval.'"

Shafer's article then proceeds to a cogent argument that cases where a
Lindley paradox occurs are precisely those where ordinary Bayesian hypoth-

(11)
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esis testing is misleading and should not be used. (In fairness, one should note
that the major development of Shafer's treatment is an extension of Bayesian
formalism to deal with this awkward case; and that the published article
includes an assortment of counter-arguments from various authors.) The prob-
lem, of course, is that a diffuse prior is being treated as evidence against the
hypothesis in question. As noted above, B(y) is not an objective adjustment
of subjective prior odds between hypotheses, but depends on a second sub-
jective choice of prior distribution for an alternate. (If the null hypothesis is
also not well defined, it presents yet a third opportunity for subjective con-
tributions.) If not carefully noted, these further subjective elements can be
quite as inexplicit and misleading as those that Bayesians object to in classical
analysis.

A further practical difficulty with hypothesis testing, relative to classical
treatments, is that the null hypothesis is always compared to a specific alter-
native. In many situations, including the PEAR experiments, investigators
are interested in any possible deviation from a specified range of possibilities,
without having enough information about the possible character of such a
deviation to construct one specific alternate with any degree of conviction. A
diffuse alternative that encompasses a wide range of probabilities is not a
satisfactory option. This can be seen abstractly, from consideration of the
Lindley paradox in cases where the statistical resolving power of a proposed
experiment will be very high; it can also be argued on other grounds, as will
be discussed below under the heading of statistical power.

Hypothesis Testing on PEAR Data
The extreme sharpness of the likelihood function for the PEAR data base

used earlier makes any hypothesis test on it susceptible to a Lindley paradox.
Unless the prior for the alternate is also narrowly focused in the region of
high likelihood, B(y) will claim unreasonable support for the null hypothesis.

One might then argue that the recipe for avoiding dubious results is to
employ a narrow range of values for the alternate hypothesis. There are, after
all, numerous arguments that anomalous effects such as PEAR examines
should be small. Perhaps the simplest argument is that if such effects were
large, they would not be a subject of dispute! Despite such reasoning, as
recently as 1990 an article appeared using, at one point, *-,(p) = 1, p € [0, 1]
for the alternate hi a hypothesis test (Jeffreys 1990). The use of highly diffuse
priors can thus be seen to be a real and current practice meriting cautious
examination, rather than a purely argumentative point

The final section of the parameter-evaluation discussion above, with its
two-component prior, is already very close to a hypothesis test The only
major difference is that the weighting parameter a is absorbed into the odds
W, leaving a one-parameter family of alternate priors for comparison with the
null. Figure 6 shows the value of B for a range w values (where w is the width
of the rectangular alternate). The solid line, marked "Symmetric", can be
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Fig. 6.

seen to be the limit of the w-dependence shown in Figure 5 for a -> 0. The
dotted line, marked "One-Tailed", shows the odds ratio for the null against
a one-sided version of the rectangular prior, which has support only for p >
0.5. Since the PEAR results are based on a directed hypothesis, one-tailed
statistics are appropriate in a classical framework, and this would seem to be
an appropriate Bayesian analog, as well. Both functions attain a minimum at
w = 4.8 x 10-4, for B = 0.00316 in the one-tailed case.

Inflation of p-valnes and Statistical Power
The smallest B factor in the hypothesis comparison above was a factor of

10 larger than the two-tailed p-value of 3 x 10-4 quoted in Margins. The
smallest B to emerge from a direct hypothesis test for these data is 0.00146,
for comparison of a point null against a point alternate located exactly at the
maximum likelihood p = s/n. This is still a factor of 10 larger than the
corresponding one-tailed value (the Bayesian test is also "one-tailed" in this
case). The tendency of hypothesis comparison to emerge with a larger B value
than the corresponding p-value of a classical test is often cited by Bayesian
analysts as evidence that classical p values are misleading for large databases,
and should be adjusted by some correction factor, perhaps of order n1/2. (See,
for example, the discussions by Good and Hill in the latter portions of the
Shafer article; see also Jeffreys (1990).) Such proposals generally fail to take
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into account considerations of statistical power, a somewhat neglected branch
of analysis.

Conventional statistical reasoning recognizes two types of errors. The more
commonly acknowledged Type I or a error is the false rejection of the null
hypothesis, where a is the probability of making such an error. Type II or B
error is the false acceptance of the null hypothesis, with B likewise being the
probability of making the error. 1 - B is usually called the statistical power
of a test In any real situation, the null hypothesis is either true or false and
therefore only one of the two types of error is actually possible. A less obvious
point is made in the literature:

"The null hypothesis, of course, is usually adopted only for statistical purposes by
researchers who believe it to be false and expect to reject it We therefore often have
the curious situation of researchers who assume that the probability of error that applies
to their research is B (that is, they assume the null hypothesis is false), yet permit B to
be so high that they have more chance of being wrong than right when they interpret
the statistical significance of their results. While such behavior is not altogether rational,
it is perhaps understandable given the minuscule emphasis placed on Type II error
and statistical power in the teaching and practice of statistical analysis and design..."
(Lindsey 1990)

Consider an experiment involving N Bernoulli trials where one wishes to
know whether they are evenly balanced (p = 0.5, the null hypothesis) or biased,
even by extremely small deviations from the null hypothesis. (This is in fact
the case in PEAR REG experiments.) Consider two cases: the null hypothesis
is true (p - 0.5000); the null hypothesis is false with p - 0.5002. Assume
that the experiment (in each case) is analyzed by two statisticians, neither of
whom has any advance knowledge of p: a classical statistician who rejects the
null hypothesis if a two-tailed p-value <= 0.01 is attained, and a Bayesian who,
using a uniform prior for the alternate, regards the experiment as supporting
the null hypothesis if the odds adjustment factor B > 1, and as supporting
the alternate if B < 1. To give the probability estimates some concrete reality
we may imagine the experiment being run many times with different pairs of
analysts. The probability that the classical statistician makes a type I error is
defined by the choice of a, and is independent of N. The table below gives
the probability, for various N, of a type I error by the Bayesian analyst
(regarding the evidence as favoring the alternate when the null is true) and
the probability of type II error by either analyst. For either a true null or a
true alternate, the final experimental scores follow a binomial distribution
with N determined by the row of the table and p = .5000 or .5002 respectively.
For both the classical analyst and the Bayesian analyst, one may calculate the
number of successes needed for an analyst to reject the null hypothesis g,
where the Bayesian is regarded as rejecting the null if B < 1. The table then
quotes the error frequencies that follow from the actual sucess distributions
under each hypothesis and the analytical criterion used for rejection. The
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TABLE I

Error rates under different analyses

N

100
10,000

10*
107
108
1.5 x 108

109

Null is true
a error, Bayesian
0.028
0.0031
2.6 x 10-
7.6 x 10-5
2.2 x 10-5

1.86 x 10-5
6.8 x 10-6

Null is false

B error, classical
0.995
0.994
0.985
0.905
0.077
0.010
3.6 x 10-24

Null is false
B error, Bayesian
0.982
0.998
0.999
0.906
0.595
0.267
1.8 x 10-16

probabilities of type n error combine the probability of erroneous acceptance
of the null hypothesis with that of (correct) rejection of the null due to mis-
takenly inferring p < 1/2. For the considerations of columns 3 and 4, p > 1/
2, and both conclusions are equally erroneous. The abrupt drop of B values
in the last few lines of the table may seem jarring, but is a rather generic
feature of power analysis. For any given constant effect size, there will be a
fairly narrow range of N (as measured on a logarithmic scale) for which any
specific test will quickly shift from being almost useless to being virtually
certain to spot the effect

A salient feature is that the Bayesian calculation, with this prior, starts out
more vulnerable to type I error, and less vulnerable to type n error, for small
N: however, they are both so likely to suffer type II error that this is not very
interesting. For large N, the Bayesian calculation is uniformly more conser-
vative in that its probability of falsely rejecting the null hypothesis declines
with N, while the classical analysis uses a constant p-value criterion for
rejecting the null. Correspondingly, the Bayesian calculation has a far higher
likelihood than the classical of falsely accepting the null hypothesis. The row
for N = 1.5 x 108 is of special interest, because for this value the classical
analysis attains equal likelihood of type I and type n errors. At this level the
Bayesian analysis still has over 1 chance in 4 of incorrectly confirming p —
0.5.

Table I actually makes an extremely generous interpretation of the Bayesian
output. The Bayesian analyst is assumed to regard the data as supporting the
alternate hypothesis as soon as the Bayes factor B < 1. However, as mentioned
above, various authors write as though the odds adjustment factor B ought
to be regarded as an analogue to the p-value for a data set. Had this sort of
reasoning been used in constructing Table I, the Bayesian analyst would still
have p = 0.634 for committing a type II error on 150 million trials.

The Bayesian analysis used is not optimized for the problem of testing, say,
a circuit that produces "on" signals with a probability that is definitely either
p = 0.5 or p = 0.5002. Neither is the classical analysis. If the problem were
to distinguish these two discrete alternatives, a Bayesian test would compare
two point hypotheses; while a classical test might, with given reliability levels,
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establish ranges of output for which a circuit would be classed as "definitely
0.5", "definitely 0.5002", or "inconclusive, further testing required." The
actual problem may be envisioned as a sociological thought experiment in
which large numbers of Bayesian and classical analysts are presented only
with the output of the device, and the information that the underlying Ber-
noulli probability either was or was not 0.5. The uniform Bayesian alternate
simply represents ignorance of possible alternative values of p, and is directly
analogous to the situation, described earlier, for selection of priors in anom-
alies data. The second to last line of Table I says that, were such an experiment
conducted and each analyst presented with 150 million trials with either p =
0.5 or p = 0.5002, the classical analysts would produce 1% false positives and
1% false negatives; while the Bayesian analysts would produce a vanishingly
tiny fraction of false positive reports but over 26% false negatives—deviant
datasets identified as unbiased.

In a more general vein, for large databases with small effects, it is apparent
in light of the various discussions above that any Bayesian hypothesis com-
parison will yield an odds adjustment factor larger than the classical p-value
for the same data. If the odds adjustment B is regarded as equivalent to a p-
value, or a corrected version of it, the inevitable consequence will be a test
less powerful than the classical version, and so more prone to missing actual
effects that may be present for any given database size.

An important consideration in statistical power analysis is the effect size.
One seldom has the advantage of knowing in advance the magnitude of
potential effects. In the anomalies research program at PEAR, for example,
any unambiguous deviation from the demonstrable null hypothesis range has
profound theoretical and philosophical import While traditional power anal-
ysis would suggest scaling the sample sizes to the smallest effect clearly dis-
tinguishable from the null hypothesis range, this would be totally impractical
in that it would require datasets several orders of magnitude larger than those
published in Margins. This, too, is a standard situation frequently encountered
in power analysis, in that effects of potential interest may nonetheless be too
small to identify in studies of manageable size. While in fact the apparent
effect size manifest in the PEAR data is much larger than this pessimistic
case, there was no way of knowing in advance that this would be so. Confronted
with the possibility of very small effects, the only viable alternative may be
to conduct such measurements as are feasible, with the awareness that effects
may be too small to measure in the current study; in which case the experiment
will at least permit the establishment of an upper bound to the effect in
question.

In such a situation, a Bayesian analysis using the uniform alternate prior
is obviously too obtuse to be of value; it retains a high chance of a false
negative report for dataset sizes where the classical test has a high degree of
reliability. At the same time, information about plausible alternates may well
be so scant that the uniform prior, or an only slightly narrower one, is none-
theless a fair summary of one's prior state of knowledge. Under these circum-
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stances, the reasonable course would seem to be adoption of classical statistical
tests with an experiment designed to exclude any procedures, such as optional
stopping, which would invalidate the tests. The next section will discuss
optional stopping and related issues in more detail.

Relative Merits: Bayesian vs. Classical Statistics
Bayesian analysis is occasionally claimed to remedy various shortfalls in

the classical analysis of very large data bases (Jeffreys, 1990; see also Utts,
1988). Beyond the question of replacing classical p values with Bayesian odds
adjustment factors discussed above, two other sources of inadequacy are
usually cited: First, any repeated measurement eventually reaches a point of
diminishing returns where further samples only refine measurement of sys-
tematic biases rather than of the phenomenon under investigation. Second,
indefinite continuation of data collection guarantees that arbitrarily large
excursions will eventually arise from statistical fluctuations ("sampling to a
foregone conclusion"). Both of these concerns, together with the notion that
Bayesian analysis is specially qualified to deal with them in a way that classical
analysis is not, are not substantiated by well-designed REG experiments in
general, or by the Margins data in particular.

1. The inevitable dominance of bias. The maximum possible influence of
biasing effects in this experiment has been discussed in the context of
the "null hypothesis interval" above, and displayed graphically in Fig
1. In an experiment that contrasts conditions where the only salient
distinction is the operator's stated intention, any systematic technical
error must itself correlate with intention to affect the final results. While
unforseen effects may never be completely ruled out, it would require
considerable ingenuity to devise an error mechanism that achieved this
correlation without itself being as anomalous as the putative effect. Over
the eight years of experimentation that went into the Margins database
(twelve years as of this writing), both the PEAR staff and interested
outsiders, including prominent members of the critical community, have
been unable to find any such mundane source of systematic error. Beyond
this, the bias question in REG data is an improper conflation of two
unrelated issues. As pointed out by Hansel (1966) in the evaluation of
any data, a statistical figure-of-improbability measures only the likeli-
hood that data are the result of random fluctuation. It remains for each
analyst to draw conclusions as to whether the deviation from expected
behavior is more plausibly due to the effect under investigation or to an
unaccounted-for systematic bias in the experiment. Thus, the question
of bias is essentially external to the purely statistical issue of whether or
not the data, are consistent with a null hypothesis.

2. Arbitrarily large excursions. The conclusion of Feller's (1957) discussion
of the law of the iterated logarithm may be summarized thus: Any
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threshold condition for the terminal Z score of a binary random walk
that grows more slowly than \'2log(log(rij) will be exceeded infinitely
many times as the walk is indefinitely prolonged, and thus is guaranteed
to be exceeded for arbitrarily large data bases. Obviously, this is of
concern only for experimental sequences of indeterminate length, where
one could, in principle, wait for one of these large excursions to occur,
and then declare an end to data collection. Any experiment of predefined
length will always have a well-defined terminal probability distribution.
Without exception, all PEAR laboratory data, including the Margins
array, have conformed to the latter, specified series length protocols.
Nevertheless, if the Margins data are arbitrarily subjected to a worst-
case, "optional-stopping-after-any-trial" analysis, the probability that a
terminal Z score of 3.014 could be attained at any time in the program's
history computes to <=0.007. Under the somewhat more realistic as-
sumption that data accumulation could be halted only after any of the
87 series that comprise the database, the terminal probability becomes
<=0.002. The actual history of the experimental program clearly dem-
onstrates that no optional stopping strategy can have been applied to
publication decisions, for significant effects have steadily been apparent
from the collection of the first series onward (Dunne, Jahn, and Nelson,
1981), and the various publication points have never coincided with
local maxima in the accumulating results (Jahn 1982; Dunne, Jahn, and
Nelson 1982; Jahn, Dunne, and Nelson 1983; Nelson, Dunne, and Jahn
1984; Nelson, Jahn, and Dunne 1986; Jahn and Dunne 1986; Jahn 1987).
For classical tail-measurement statistics to be legitimate, it is sufficient
that the termination condition be independent of the outcome of the
experiment (Good 1982).

3. Special competence of Bayesian analysis. The likelihood function of
Bayesian analysis will as a rule replicate the results of a classical analysis
in the sense that, if classical statistics compute a Z score z, then the
likelihood function will have a mean that is z of its own standard de-
viations away from a point null hypothesis. (This follows from the func-
tional form of l.) Any differences in interpretation must therefore come
from the use of different priors. We have seen above that Bayesian
parameter evaluation with a prior that is uniform in the region of high
likelihood likewise replicates the classical analysis, since this creates a
posterior probability with the same shape as the likelihood. While non-
uniform priors can change this conclusion, for a likelihood function as
sharply focused as that of the Margins data such priors must be close
to the null-hypothesis delta function, i.e., recalcitrant almost to the point
of impenetrability, before they force acceptance of the null hypothesis.
Direct comparison of competing hypotheses, on the other hand, is vul-
nerable to confounds from inappropriate alternate priors .

As already noted, no analysis, Bayesian or otherwise, will guard indefinitely
against an unforseen bias. Table I and the related discussion showed that
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Bayesian analysis with a recalcitrant prior eventually agrees with classical
analysis in rejecting the null hypothesis, when enough data are accumulated
with a constant mean shift. They also show an example, appropriate to the
class of REG-type experiments, where Bayesian analyses that choose priors
to be very conservative are also necessarily very insensitive and must suffer
a large probability of type II error. This is true whether the effect is real or a
systematic error, and the mode of analysis grants no special ability to distin-
guish the two cases.

Data Scaling
A final point of comparison concerns the interpretation of the Margins data

on various scales. Classical analysis does not require that any special attention
be paid to the intermediate structure of the experimental data; if a Z score is
computed for each series, and the assorted series Z scores are compounded
appropriately, the composite result is exactly the Z that would result were the
data treated in aggregate. This occurs because, no matter what scale is used
to define elements of the data, the increased consistency of the results exactly
compensates for the loss of statistical leverage from the decreased N of units.
Processing REG data in large blocks is essentially a signal averaging procedure,
unusual only in that it is performed algorithmically on stored data rather than
in preprocessing instrumentation.

Directly checking for the same sensible scaling property in Bayesian analysis
would entail developing an extension of the formalism for continuously dis-
tributed variables, beyond the scope of this discussion. However, a cursory
look at the issue can be accomplished by examining the series data breakdown
in Margins. The column listing p < 0.5 allows the 87 series to be regarded
as 87 Bernoulli trials, each one returning a binary answer to the question,
"Did the operator achieve in the direction of intent, or not?" Naturally a great
deal of information is lost in this representation, since the differential degree
of success or failure cannot be reckoned, but it remains instructive. Of the 87
series, 56 were "successes" as Bernoulli trials. The binomial distribution for
87 p = 0.5 trials has µ = 43.5, s = 4.66. The actual success rate thus translates
to z - 2.68, p = 0.004 one-tailed. The loss of information is seen in the
reduction of significance, but the result is consistent in being a strong rejection
of the null.

Not so for a Bayesian hypothesis test against the uninformed alternate pl
= 1. For the binary data, as we saw, B = 12; but B(87, 56) = 0.2. Where the
reduced information decreased the significance of the classical result, as one
might expect, it has inverted the Bayesian result from a modest confirmation
of the null to a modest rejection of the null. The discrepancy, of course, lies
in the Lindley paradox: the naive alternate prior is inappropriate for the binary
test, but not unreasonable for the vastly larger effect that must be present, if
the effect is real on the series scale. The fact that the inversion occurs is itself
confirmatory evidence for the reality of the mean shift and therefore evidence
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against the utility of a test that regards the data as supporting the null hy-
oothesis.

Final Comments and Summary
The main points to emerge from this study are:
1. For a Bayesian analysis of Bernoulli trials an objective likelihood func-

tion can be constructed which obeys the necessary addition rule for
consistent handling of accumulating data (Eq 6). The likelihood function
has the same distribution as a classical estimate of confidence intervals
on the value of p , and differences of interpretation can therefore arise
only from the choice of priors.

2. It therefore follows that a prior that is uniform in the region of high
likelihood, thus producing a posterior probability of the same shape as
the likelihood, replicates the classical analysis. For the PEAR data, this
reproduces a two-tailed p of 3.0 x 10-4 against a point null hypothesis.

3. Prior belief favoring the null hypothesis impacts the conclusions. In its
ultimate expression, where only values consistent with the null hypoth-
esis are allowed prior support, no evidence can sway the outcome. Less
extreme forms continue to reject the null hypothesis (exclude it from
reasonable parameter confidence intervals) unless the prior includes much
of the probability within the null (thus approaching the impervious case)
or is narrower than the likelihood (and therefore narrower than the
statistical leverage of the known number of trials justifies.) Some ex-
amples using the PEAR database include: Exclusion of the null hypoth-
esis from at least the 95% posterior confidence interval for a normal
prior centered on the null hypothesis with a as small as 3 x 10-5,
compared to s = 4.9 x 10-5 for the likelihood function; posterior odds
against the null hypothesis of 20 to 1 for a prior that starts with 85% of
the strength concentrated at p = 0.5 and the remainder uniformly dis-
tributed with width 5 x 10-5.

4. Hypothesis comparison needs to be approached with caution because
the odds adjustment factor B(y) contains a contribution from the choice
of prior probability distributions, and so is at least as vulnerable to prior
prejudices as are the prior odds W (Eq. 9)

5. Hypothesis tests return odds correction factors larger than classical p-
values even when near-optimal cases are chosen. For the PEAR data,
the optimal case is a comparison of a point null against a point alternate
at p = 0.50018 (the maximum of the likelihood function), leading to B
= 0.00146 (odds of 685 to 1 against the null.) A consideration of sta-
tistical power, however, demonstrates that this does not establish a flaw
in, or correction to, classical p-values but is a simple consequence of
adopting a less sensitive test.

6. Examination of the response of Bayesian hypothesis testing to large
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databases indicates that claims of special ability to deal with biases or
optional stopping, or of qualitatively superior response to increasing
amounts of data, compared to classical statistics, are unwarranted.

7. In a situation such as confronted by the PEAR program and related
investigations, where any detectable effect is of fundamental interest and
importance, the necessity of having a specific alternate hypothesis for a
Bayesian hypothesis test is a limiting and potentially confounding factor.
A prior that is diffuse enough to reflect ignorance of potential effects will
have much less statistical power than an appropriate classical test.

Thus, while Bayesian statistical approaches have the virtue of making their
practitioner's prejudices explicit, they may in some applications allow those
prejudices more free rein than is usually acknowledged or desirable. Whereas
a classical analysis returns results that depend only on the experimental design,
Bayesian results range from confirmation of the classical analysis to complete
refutation, depending on the choice of prior. Those priors that disagree strong-
ly with the classical analysis frequently show one or more suspect features,
such as being either very diffuse or pathologically concentrated with respect
to the likelihood. (While it violates the definition of a prior to adjust it with
respect to an observed effect, the width of the likelihood is determined only
by the experiment's size, not its outcome, and is therefore a legitimate guide
to the characteristics of reasonable priors.) This would suggest that, the more
strongly a Bayesian analysis disagrees with a classical result, the more likely
the disagreement is due to a subjective contribution of the analyst.
Given the impact of prior probabilities, one might argue that the proper role
of a Bayesian analysis should be strictly to quote likelihood functions and
allow each reader to impose his own priors. However, the philosophical ex-
ercise of justifying (or refuting) various priors remains a valuable one, par-
ticularly for clarifying the meaning of a particular result
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Abstract—Several extensive experimental studies of human/machine interac-
tions wherein the human operators and the target machines are separated by dis-
tances of up to several thousand miles yield anomalous results comparable in
scale and character to those produced under conditions of physical proximity.
The output distributions of random binary events produced by a variety of micro-
electronic random and pseudorandom generators, as well as by a macroscopic
random mechanical cascade, display small but replicable and statistically signifi-
cant mean shifts correlated with the remote operators' pre-stated intentions, and
feature cumulative achievement patterns similar to those of the corresponding
local experiments. Individual operator effect sizes distribute normally, with the
majority of participants contributing to the overall effect. Patterns of specific
count populations are also similar to those found in the corresponding local ex-
periments. The insensitivity of the size and details of these results to intervening
distance and time adds credence to a large database of precognitive remote per-
ception experiments, and suggests that these two forms of anomaly may draw
from similar mechanisms of information exchange between human conscious-
ness and random physical processes.

Introduction
Since its inception in 1979, the Princeton Engineering Anomalies Research
(PEAR) program has investigated two categories of anomalous phenomena: 1) the
effect of human intention on the performance of engineering devices that involve
various random and pseudo-random physical processes; and 2) the non-sensory
perception of information about remote geographical targets. Both of these exper-
imental programs were originally designed as replications and extensions of stud-
ies reported by other laboratories (Puthoff & Targ, 1976; Puthoff & Targ, 1977;
Schmidt, 1970; Schmidt, 1973, Radin & Nelson, 1989), and both have produced
results that confirm the ability of human consciousness to interact with the tangi-
ble world in ways that are inexplicable by known physical mechanisms (Dunne,
Dobyns, & Intner, 1989; Dunne, Jahn, & Nelson, 1983; Dunne, Nelson, & Jahn,
1988; Jahn & Dunne, 1987; Jahn, Dunne, & Nelson, 1987; Nelson, Dunne, &
Jahn, 1984; Nelson, Dunne, & Jahn, 1988a/1988b).

The benchmark human/machine experiments have utilized a sophisticated mi-
croelectronic random event generator (REG) based on a reverse-biased solid state
noise diode (Nelson, Dunne, & Jahn, 1984). Human operators, sitting within a few
feet of the experimental apparatus, attempt to shift the mean of its output distribu-
tion of random binaries to higher or lower values, or to take a baseline, in accor-
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dance with pre-recorded intentions. The first several years of such experimenta-
tion consistently yielded statistically significant correlations between those inten-
tions and the performance of the machines. For example, the initial experimental
data base, consisting of over a quarter million trials per intention of 200 binary
samples each, generated by 33 individual operators, displayed a statistically sig-
nificant difference between the high- and low-intention output distributions with a
composite z-score of 3.614, p=2 X 10-4 (Jahn & Dunne, 1987; Jahn, Dunne, &
Nelson, 1987). A similar experiment employing a macroscopic random mechani-
cal cascade (RMC) device, comprising 1131 runs per intention each tantamount to
9000 trials or approximately 387,000 binary equivalents, generated by 25 individ-
uals, produced an overall difference z-score of 3.891, p=5 X 10-5 (Dunne, Nel-
son, & Jahn, 1988; Nelson, Dunne, & Jahn, 1988a/1988b).

The remote perception class of experiments requires participants to describe
their impressions of unknown sites where another individual is, has been, or will
be situated at a specified time. Details of the methodology, analyses, and results of
these investigations have been reported in Dunne, Dobyns, & Intner, 1989; and
Dunne, Jahn, & Nelson, 1983. In brief, a data base of some 336 trials yielded high-
ly significant statistical evidence of extra-chance information acquisition
(z=6.355, p=10-10), for percipients generating descriptions of targets ranging
from less than a mile to more than 5,000 miles from their own location, over tem-
poral intervals ranging from several days before to several days after their part-
ner's visit to the target site. In the majority of the precognitive efforts, the descrip-
tions were recorded before the target was even selected. No significant reduction
of the anomalous effect with increased distance or time separation was found over
the ranges tested.

Remote REG Experiments
The demonstrated space and time insensitivity of the remote perception results

prompted investigation of whether the human/machine experiments might also
be successfully conducted by operators spatially and temporally remote from
the apparatus. Accordingly, a protocol was implemented wherein the REG was
set to generate automatically runs of 1000 trials, each of 14 minutes duration, as
opposed to the 50-trial runs that constituted the original local data base. For these
experiments, termed REMREG, the standard experimental unit, or "series",
was defined as 3000 trials, or three runs, generated under each of the three inten-
tions—high, low, and baseline. Since this modification altered four different
variables—run length, feedback, operator location, and time—attempts were
made to isolate these parameters under four separate sub-protocols termed A, B, C
and D:

Run Length
This protocol was identical to that of the benchmark local experiments, except

for the longer run length and the resultant increase in series length from the origi-
nal 2500 trials per intention to 3000 trials per intention. Operators sat proximate to
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the REG during data generation and received on-line feedback via LED displays
indicating the current trial number and count, as well as the cumulating mean of
each run. Data for each series were accumulated in three one-hour sessions, each
consisting of one 1000-trial run under each of the three intentions.

Feedback
The effects of eliminating on-line feedback were explored by having the opera-

tor initiate each run, but sit in an adjacent room during its actual generation. At the
end of each run, the operator returned to the REG room to observe and record the
results. (In all experiments in our laboratory, data are automatically recorded on-
line in a computer file, as well as on an independently generated hard copy record;
log books provide a third data record that also permits operators to report in writ-
ing any subjective observations or other relevant information pertaining to the ex-
periment.)

Location
In these remote experiments the operator was situated at some distant location,

having arranged in advance for members of the laboratory staff to initiate the three
runs of each session at regular 20-minute intervals, commencing at a specified
time. Laboratory personnel took turns initiating and recording the runs, and no one
was present in the REG room while the data were being generated. No staff mem-
ber had knowledge of the operator's intentions until after the runs were completed
and recorded. At that time, the operator communicated the sequence of the high,
low, and baseline intentions, usually by phone but occasionally by mail, before re-
ceiving any feedback about the outcome.

Time
This remote condition was identical to C, except that the operator performed his

or her efforts at times before or after the actual machine operation.
During the period from October 1984 through November 1987, a total of 182

REMREG series were generated by 31 operators on our microelectronic diode-
based REG. Of these, 106 series, or 318,000 trials, were produced by 22 operators
under the remote conditions, 86 series in the C sub-protocol, and 20 in the D. A
small database of 7 remote series was also generated by one operator on a shift
register-based pseudorandom generator (Nelson, Dunne, & Jahn, 1984) under the
C condition. The results of the local A and B protocol experiments have been in-
corporated within a comprehensive ANOVA study of all REG data (Nelson &
Dobyns, 1991), and will not be discussed further here.

Beginning in November 1987, a third variation of the REG protocol was imple-
mented to explore individual operator responses to a broader range of secondary
variables, among them distance and time. In this protocol, termed THOUREG, the
size of an experimental series was reduced to 1000 trials per intention to permit its
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completion in a single session and to encourage operators to produce larger and
more varied databases. The THOUREG experiment, which concluded in January,
1991, included a total of 78 remote series, 51 in the C condition and 27 in the D,
generated by 10 operators. One operator also generated 10 remote D series under
this protocol on the shift register-based pseudorandom device. The THOUREG
protocol was also used for a body of experiments employing a software algorithm-
based pseudoREG, operating on an IBM-PC/AT computer in a program called
ATPseudo (Nelson & Dobyns, 1991). Nine operators generated a total of 64 re-
mote series on this device, 61 in the C condition and 3 in the D.

In total, some 265 remote REG series, comprising 491,000 trials per intention,
were generated by 30 different operators on three different machines over a six
year period. These represent approximately 20% of the total PEAR REG database
as of January 1991, and include trials generated from Kenya, India, New Zealand,
Hawaii, Brazil, Russia, Hungary, Germany, and England, as well as from various
places in Canada and the continental U.S. In approximately 20% of these remote
experiments (60 series, or 100,000 trials) the operator efforts were at times other
than those during which the machines were running, the temporal differences
ranging from several days before to several days after the time of machine opera-
tion.

Results
The composite results of the entire remote REG database, distinguished by C

and D conditions, are summarized in Table 1. Figure 1 displays the combined data
in the form of a cumulative deviation graph. Further breakdown of the data by de-
vice and experiment is provided in Table 2. Operator-specific tabulations are
available in Dunne & Jahn (1991). In all formats, these results show strong evi-
dence for anomalous correlation between remote operator intention and the per-
formance of three different random event generators for the high efforts, (z =
3.185, p = 7 X 10-4), while the low efforts are statistically indistinguishable from
chance. High/low separations are consistently in the intended direction, with the
single exception of the small REM-Pseudo subset, and the magnitude of the split
between these directions of intention is unlikely by chance at a z-score of 2.227 (p
= .013). Despite the large differences in the sizes of the various device and experi-
ment subsets, the positive yield of the high-going efforts is consistent, with the
sole exception of the C condition Diode-THOU data. The low and baseline efforts,
in contrast, stay within chance in the majority of subsets.

The striking asymmetry between high- and low-intention yields clearly observ-
able in the traces of Fig. 1 has also been found, to a lesser degree, in the composite
results of the local REG experiments on these same three devices, as displayed in
Fig. 2. This substantially larger local database consists of 968 series, comprising
well over 1.3 million trials per intention, and was generated by 95 different opera-
tors. Table 3 compares the bottom line results of the remote and local databases by
intention. Standard t-test comparisons indicate that the two populations are statis-
tically indistinguishable for each of the three intentions, as well as for the high/low
shifts.
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TABLE 1
Remote REG Data Summary

Condition

C
205 series
391,000 trials

per intention
29 operators

D
60 series
100,000 trials

per intention
10 operators

All Remote
265 series
491,000 trials

per intention
30 operators

Intention

Baseline
High
Low
Hi/Lo Diff.

Baseline
High
Low
Hi/Lo Diff.

Baseline
High
Low
Hi/Lo Diff.

Mean

100.004
100.027
100.005

.022

100.016
100.054
99.981

.073

100.007
100.032
100.000

.032

z-score

0.389
2.348
0.462
1.333

0.731
2.416

-0.834
2.298

0.678
3.185
0.036
2.227

Prob.1.2

.348

.009*

.322

.091

.232

.008*

.202

.011*

.249
7X10 -4*

(.486)
.013*

Propor.
srs. p < .053

.059

.059

.059

.063

.117*

.050

.067

.083

.072

.057

.060

.068

(.039)
(.034)
(.039)
(.034)

(0)*
(.017)
(.033)
(0)*

(.030)
(.030)
(.038)
(.026)*

Propor.
int. dir.3

.522

.590*

.478

.541

.450

.650*

.483

.633*

.506

.604*

.479

.562*

1 Numbers in parentheses () indicate effects opposite to intention.
2 Counts marked with * are unlikely by chance at p < .05 (1-tailed).

For Baselines, proportion of series with mean > 100.
It should be noted that the higher z-scores of the local results are attributable to

the size of that database, which is three times larger than that of the remote experi-
ments. For this reason it is important also to consider the effect sizes or, equiva-
lently, the average mean shifts, in assessing the relative yields of the various data
sets. For example, while the z-scores for the high efforts are of comparable magni-
tude (3.185 for the remote and 3.308 for the local) the remote data have a mean of

Fig. 1. All REG remote data.
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TABLE 2
Remote REG Data Summary by Device and Experiment

Mean
z-score

Expt.

Diode
REM

THOU

All

Pseudo
REM

THOU

All

ATPseudo
THOU

Cond.

C

D

All

C

D

All

C

D

All

C

D

All

C

D

All

#Srs.

86

20

106

51

27

78

137

47

184

7

10

17

61

3

64

#Trials/int.

258,000

60,000

318,000

51,000

27,000

78,000

309,000

87,000

396,000

21,000

10,000

31,000

61,000

3,000

64,000

#Ops.

22

5

22

8

6

10

26

9

27

1

1

2

9

2

9

Baseline

100.011
0.777

700.007
0.025

100.009
0.711

100.034
1.076

100.022
0.514

700.030
1.172

700.075
1.147

100.007
0.307

700.073
1.157

99.896

100.057
0.806

99.948
-1.289

99.990
-0.350
100.142

1.097
99.997
-0.105

High

100.020
1.456

100.032
1.122

700.023
1.799*

99.986
-0.455
100.086

2.007*
100.021

0.813

700.075
1.145

700.049
2.050*

100.022
1.973*

700.052
1.058

700.055
0.771

100.053
1.308

700.079
2.745*

700.794
1.503

100.084
3.005*

Low

99.999
-0.021
99.970
-1.053
99.994
-0.476

99.962
-1.218
99.997
-0.215
99.972
-1.111

99.993
-0.514
99.976
-0.994
99.990
-0.920

100.064
1.302

99.983
-0.242
100.038

0.934

100.045
1.562

100.127
0.981

100.049
1.737*

Hi/Lo Diff

.027
1.044

.062
1.538
.029

1.608

.024
0.539
.095

1.571
.049

1.361

.022
1.173
.073

2.153
.032

2.045*

-.072
-0.173

.072
0.716

.075
0.265

.034
0.836
.067

0.369
.035

0.897

* p < .05 in direction of intention (mean > 100 for baselines).
(*)p < .05 in direction of opposite intention (mean < 100 for baselines).

100.032 compared to the local mean of 100.020. If the remote effect size were to
be sustained over a database similar in size to the local, a z-score of well over 5.0
would result, with an associated probability on the order of 10-8. This point is also
relevant in interpreting the statistical significance of the proportions of series with
p < .05, or of those conforming to the intended direction.
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Fig. 2. All REG local data.

Distance and Time Comparisons
Any attempt to postulate a mechanism for these remote effects would benefit

from some knowledge of their quantitative dependence on distance and time. The
precognitive remote perception data which stimulated these studies revealed no
significant dependencies on these parameters, and the same appears to hold for the
human/machine results as well. In Fig. 3, the series z-scores of all the remote high
efforts (both C and D) are plotted as a function of the distance between operator
and device, over distances ranging from less than one to nearly 9,000 miles. The
only significant term in a standard regression analysis is a constant displacement
from the chance value, which lies well within the 95% confidence intervals for the
linear slope. In other words, none of the higher order terms statistically support at-
tenuation of the effect with increasing distance.

The high-intention off-time (D) data can be similarly arrayed as a function of
the time difference between machine operation and operator effort (Fig. 4). The
positive numbers on the x-axis indicate efforts up to 73 hours prior to machine op-
eration, and the negative numbers efforts up to 336 hours after the scheduled ses-
sion. Again, there is no significant correlation between time of effort and size of
effect, over the range studied.

The apparent insensitivity of the magnitude of these effects to the intervening
distance or time suggests that the phenomenon may well be akin to that observed
in the PRP experiments. It may also be worth noting that, although comparison be-
tween the C and D subsets proves statistically non-significant (t = 1.074), the off-
time D efforts produce consistently larger effect sizes across the various high and
high/low difference subsets of Tables 1 and 2. The lack of significance of this dif-
ference is primarily attributable to the relatively small amount of D data; if the ob-
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TABLE 3
REG Remote vs Local Comparisons

Remote (C & D) Local (A)

Baseline
# of Trials/intention
# of Series
Mean
z-score
Probability1

Proportion Series p < .052

Proportion Series mean > 100
t-score of remote-local differences

491,000
265

100.007
0.678

.249

.072 (.030)

.506

1,330,250
957

100.008
1.279
.100
.060
.513

0.085

(.046)

High
# of Trials/intention 491,000 1,351,900
# of Series 265 968
Mean 100.032 100.020
z-score 3.185 3.308
Probability 7 X 10-4* 5 X10-4*
Proportion Series p<.05 .057 (.030) .068* (.043)
Proportion Series intended direction .604* .517

t-score of remote-local differences 1.018

Low
# of Trials/intention 491,000 1,343,550
# of Series 265 968
Mean 100.000 99.992
z-score 0.036 -1.316
Probability .486 .094
Proportion Series p <.05 .060 (.038) .059 (.055)
Proportion Series intended direction .479 .523

t-score of remote-local differences 0.678

Hi/Lo Differences
# of Trials/intention
# of Series
Mean Diff.
z-score
Probability
Proportion Series p < .05
Proportion Series intended direction

t-score of remote-local differences

982,000
265
.032

2.227
.013*
.068 (.026)*
.562*

2,695,450
968
.028

3.272
5 X 10-4*

.060
.541*

0.240

(.051)

'All probabilities 1-tailed.
2() denotes proportion of series where p < .05 in direction opposite to intention, or mean < 100 in base-

lines.
* p <.05.

served score differences were to persist through larger databases, we would need
to confront the possibility that off-time effort may actually enhance the effect.

Trial Count Populations
Hypothetically, the anomalous mean shifts of the REG experimental outputs

could be produced by a variety of distortions of the trial count distributions. By ex-
amining the individual count populations, i.e., the number of trials conforming to
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Fig. 3. All REG remote data vs distance.

each integer count, ... 98, 99, 100, 101, 102, etc...., it is possible to determine
whether the mean shifts result from an excess or deficiency of counts near the
mean or in the tails of the distribution, or from some random or regularly distrib-
uted pattern of count differences across the entire distribution. Fig. 5 shows the
distribution of trial count deviations from expected values, An, for all high- and
low-intention remote REG data. In the high data, where there is a significant shift
of the mean in the direction of effort, a majority of counts above 100 show a clear
excess, while most of the lower numbered counts display a nearly consistent

Fig. 4. All REG off-time remote data vs time difference.
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deficit. In the low data, where there is no overall effect, the count distributions
show no regular patterns. The baseline and calibration data, like those of the low
data efforts, also display random arrays of count excesses and deficits. These pat-
terns are consistent with those found in the local experiments: namely, when an
anomalous mean shift occurs, the burden of the deviation is borne by a majority of
the trial count values on both sides of the mean, rather than by just a few extreme
values; when there is no significant mean shift, the count populations are random
(Jahn, Dobyns, & Dunne, 1991).

In both local and remote data, the proportional changes in the count populations
from their chance expectations, dn/n, are found to scale linearly with the differ-
ence between the particular count number and the mean count number, 100. Fig. 6
compares the high-intention remote and local data re-plotted as such proportional
count deviations, fitted by their appropriate linear regressions. In both instances,
the proportional deviations display significant z-scores only for the first order (lin-
ear) trends (Z1); the quadratic trends (Z2) are quite insignificant. This can be
shown analytically to be tantamount to simple translations of the theoretical
chance Gaussian distribution without any selective enhancement of any particular
count populations, or equivalently to specific changes in the elemental binary
probability underlying the original random distributions. Again, the close quanti-
tative similarity between the remote and local data in this respect strongly sug-
gests that both experiments are dealing in the same basic phenomenon.

Individual Operator Contributions
Throughout all our local REG studies, characteristic differences in individual

operator performance and in their sensitivities to secondary experimental parame-
ters have added important dimensions to the credibility and interpretation of the
local human/machine data (Dunne, Nelson, Dobyns, & Jahn, 1988; Jahn &
Dunne, 1987; Jahn, Dunne, & Nelson, 1987; Nelson & Dobyns, 1991).

A similar spectrum of individual performance is found in the remote experi-
ments, as well. Table 4 summarizes the effects obtained by each of the 30 partici-
pating operators; more detailed breakdowns are provided in Appendix A of Dunne
& Jahn, 1991. Briefly, 21 operators, or 70%, succeed in producing positive results
in the high direction of effort, compared with the 15 expected by chance. Of these,
four, or 13%, have databases with probabilities of less than .05, compared to the
one or two expected by chance.

Several of the smaller operator databases, although technically non- significant,
display effect sizes that are of comparable magnitude to the significant larger ones.
In contrast, the distributions of the low and baseline results are consistent with
chance expectations; in fact, the baseline results are evenly divided, with 50% of
the operators producing baselines above 100 and 50% below. Twenty operators, or
67%, split the high and low efforts in the direction of intention, although this is pri-
marily attributable to the high-intention yield.

The upper graph of Fig. 7 displays the distribution of individual operator effect
sizes for the high remote efforts, confirming graphically the contribution to the



Experiments in Remote Human/Machine Interaction 321

85 90 95 100 105
Count Number

Fig. 5. Remote REG count frequency deviations.

overall yield by a majority of the operators. In this figure, the solid curve indicates
the distribution of operator effect sizes that would be expected by chance, while
the dashed curve traces the same theoretical distribution consistent with a mean
shift of the observed magnitude. The close approximation of the latter to the actual
operator distribution emphasizes the uniformity of operator contributions, in con-
trast to an effect driven solely by the data of a few exceptional operators. The
lower graph provides a similar representation of the local high-intention data
(Dunne, Nelson, Dobyns, & Jahn, 1988), which again shows a strong resemblance
to the pattern of operator contributions in the remote experiments.
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Fig. 6. REG proportional count deviations (High Intention).

Remote Random Mechanical Cascade Experiments
We have long operated a substantially different human/machine facility that

also lends itself well to remote experiments, a macroscopic "Random Mechanical
Cascade" (RMC), details of whose design, protocol, analysis, and results have
been reported in Dunne, Nelson, & Jahn, 1988; Jahn & Dunne, 1987; Jahn, Dunne,
& Nelson, 1987; Nelson, Dunne, & Jahn, 1988a/1988b. The basic experiment re-
quires an operator to attempt to influence the mean of a distribution of 9000 3/4"
polystyrene balls dropped through a maze of 336 nylon pegs into 19 collecting
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TABLE 4
Remote REG Data Summary by Operator
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Opr.
10
14
16
18
20
21
22
27
30
36
37
39
41
42
45
48
49
55
57
68
70
78
80
81
84
86
93
94

114
130

# Series
C D
24
4

42
4
1
9
4
3
3

12
1
5
4
4
2
1
8
1
5
3

11
16
1
2

—
1

18
4
3
9

1
—
—
—
—
—
—
—
—
7

—
—
15
—
—
—
8

—
5

—
4
9

—
—
4

—
6

—
—

1

Total #
Trials/Int.

45,000
12,000
66,000
12,000
3,000
9,000
4,000
3,000
9,000

19,000
3,000

15,000
31,000
12,000
6,000
3,000

48,000
3,000

20,000
9,000

25,000
25,000
3,000
6,000
4,000
3,000

68,000
12,000
3,000

10,000

Baseline
Mean

100.010
99.993
99.981

100.077
99.769

100.006
99.974

100.005
100.075
100.055
99.835
99.953

100.060
100.096
100.067
99.881
99.954

100.096
99.990

100.107
100.050
100.042
99.998

100.169
100.051
99.891
99.993

100.022
99.936
99.886

High
Mean
100.087*
100.039
100.049*
99.996
99.999
99.978

100.224*
100.017
100.002
99.957

100.166
100.048
100.062
99.909

100.021
99.833

100.048
100.063
100.130*
99.920

100.013
100.045
100.067
100.106
100.087
100.088
99.994

100.008
100.050
99.950

Low
Mean

100.006
100.006
100.009
99.940
99.974
99.999
99.977
99.919
99.922
99.858*

100.099
99.951

100.017
100.001
100.056
100.080
99.997

100.055
100.035
100.039
100.020
99.986
99.792
99.948

100.210(*)
100.182
100.024
99.968

100.248(*)
99.949

Hi/Lo
Mean
Diff.
.081
.033
.040
.056
.025

-.021
.247
.098
.080
.099
.067
.097
.045

-.092
-.035
-.247

.051

.008

.095
-.119
-.007

.059

.275

.158
-.123
-.094
-.030

.040
-.198

.001

z
Diff.

1.739*
0.365
1.029
0.620
0.139

-0.203
1.562
0.533
0.758
1.368
0.365
1.182
0.789

-1.011
-0.269
-1.351

1.110
0.047
1.334

-1.133
-0.113

0.940
1.504
1.228

-0.773
-0.519
-0.779

0.444
-1.084

0.004

* p < .05 in direction of intention (mean > 100 for baselines).
(*)p < .05 in direction opposite to intention (mean < 100 for baselines).

bins, wherein they accumulate in a good approximation of a Gaussian distribu-
tion. In the local experiments, the operator sits on a sofa approximately eight feet
from the device and observes this 10' X 6' machine in operation over a 12-minute
run. Data are generated in sets of three runs, each distinguished only by the opera-
tor's pre-recorded intentions to shift the mean of the ball distributions to the right,
to the left, or to produce a baseline, and a typical experimental series consists of
ten such sets. Because of the susceptibility of the device to long term drifts associ-
ated with wear or temperature and humidity variations, and in the absence of any
theoretical expectation of the mean, statistical analysis of the data is based on
paired t-test comparisons of runs within each local set. Even by this conservative
measure, the overall yield of 87 local series generated by 25 different operators (a
total of 1,131 runs in each of the three intentions) has proven statistically signifi-
cant at t=3.891, p=5 X 10-5 (Dunne, Nelson, & Jahn, 1988; Jahn & Dunne,
1987; Nelson, Dunne, & Jahn, 1988a/1988b).
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Fig. 7. REG operator effect sizes.

Little modification of the RMC protocol for remote operation is required, since
the local protocol is already similar to that employed for the remote REG experi-
ments. At a nominal time agreed upon with the operator, and at subsequent inter-
vals of 20 minutes, members of the laboratory staff, who are blind to the remote
operator's intentions, turn on the machine and record the data, only after which the
operator reveals the order of the three intentions by phone or mail. Ten operators
have completed a total of 26 such remote series of ten tripolar sets each, from dis-
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TABLE 5
Remote RMC Data Summary by Operator

Opr.

10
12
16
41
49
68
69
78
93
94

All

#
Srs.

6
1
7
1
3
2
1
1
2
2

26

Baseline
Mean

10.0159
9.9956

10.0013
10.0290
10.0078
10.0100
10.0488
9.9797

10.0109
9.9984

10.0084

Right
Mean

10.0171
10.0020
10.0047
10.0150
10.0076
9.9994

10.0318
10.0163
10.0258
10.0075

10.0111

Left
Mean

10.0126
9.9808
9.9981

10.0126
9.9934

10.0108
10.0429
9.9944

10.0139
10.0000

10.0047

t-score
Rt-Lt

0.651
1.100
1.070
0.288
1.991

-1.326
-0.691

1.538
1.000
0.890

2.139

Prob.

.259

.152

.144

.390

.028*
(.100)
(.255)
.079
.165
.192

.017*

#Srs.
p < .05

_
—
2

—
1

— (1)
—
—
—

1

4*(1)

#Srs.
p < .50

4
1
4
1
3

—
—

1
2
1

17*

* p < .05 in direction of intention.

tances similar to those involved in the remote REG experiments. None of these
were conducted at displaced times.

Although this remote RMC database is substantially smaller than that of the
REG, the results once again show a statistically significant correlation with opera-
tor intention (Table 5). While only one operator individually achieved a significant
overall split between the right and left intentions, eight of the ten produced results
in the intended directions, compounding to a composite t-score of 2.14 (p=.017)
for the right-left split. The overall difference between the means of the right-
and left-going efforts, .0064 bins, is consistent with, and indeed somewhat larger
than, that of the much larger local RMC data base, where the difference is .0057.
Similar comparisons can be made between the proportion of significant series
(15.4% of the remote data base vs. 14.9% of the local), and the proportion of series
showing a split in the intended direction (65.4% of the remote series vs. 63.2% of
the local).

From Fig. 8, which displays the remote and local results in the form of cumula-
tive deviations of the differences, it is evident that the remote database, like the re-
mote REG, also entails some asymmetry over a large portion of the data traces, in
this case toward the left or low numbered bins. This left-going asymmetry also
dominates the local RMC results, and while there is little parametric correlation or
theoretical explication of this feature, its consistent appearance in both data sets
further strengthens their commonality.

Finally, as with the REG data, a majority of both the local and remote RMC in-
dividual bin count populations develop orderly displacements in the direction of
intention. Fig. 9 compares the right-left bin population differences of the remote
and local RMC data in proportional dn/n formats, fit by the appropriate linear re-
gressions. As in the local and remote REG databases, the first order terms domi-
nate the fits, again suggesting specific alterations of the elementary binary proba-
bility, even though the fundamental definition of this probability for the RMC
process is somewhat less explicit.
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Fig. 8. All RMC cumulative deviations.

Precognitive Remote Perception (PRP)

As noted earlier, these experiments in remote human/machine interaction were
originally prompted by the findings of our remote perception experiments, where
the anomalous acquisition of information appears to be insensitive to intervening
distance or time. It is now worth returning briefly to the PRP results to determine
whether other instructive similarities between the yields of these two superficially
disparate experimental programs may be found. For example, in the PRP data
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Fig. 9. RMC proportional count deviations (Right—Left).

shown in Fig. 10, we see the same type of small, incremental deviations in the in-
dividual trial scores compounding to significant shifts of the experimental score
distributions relative to the empirical "chance" distributions of deliberately mis-
matched scores. The arrays of discrete PRP score increments also display the same
dn/n linear regularities as the human/machine data. Fig. 11 shows such treatment
of 277 formal PRP trials, encoded ab initio by the participants (Dunne, Dobyns, &
Intner, 1989; Dunne, Jahn, & Nelson, 1983; Jahn & Dunne, 1987), where the reg-
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Fig. 10. PRP cumulative deviations (277 Ab Initio Trials).

ular linear pattern, akin to those observed in the human/machine data, suggests a
uniform slight improvement in the statistical likelihood of percipients' proper
identification of the target descriptors. Comparison of the scores achieved by those
28 percipients who generated at least five trials with the chance pattern and with
the theoretical distribution of effects appropriate to a mean shift of the observed
magnitude (Fig. 12) again indicates a uniformity of percipient contributions to the
data base, rather than a disproportionate yield from just a few individuals (Dunne,
Nelson, Dobyns, & Jahn, 1988). All of these indications thus support a fundamen-
tal commonality among the REG, RMC, and PRP phenomena.

Summary and Discussion
The experiments described in this paper present persuasive evidence that the

anomalous correlations of operator intention with the performance of several sub-
stantially different types of random physical device, as originally found in local
experiments, can also be obtained with the operators separated from the machines
by distances up to several thousand miles. Indeed, these remote efforts appear to
produce slightly larger effect sizes than those obtained under local conditions. The
anomalous effects are also found to persist, perhaps even to be somewhat en-
hanced, when the time of operator effort is displaced from the time of machine op-
eration, within the limits tested (cf Fig. 13).

The credibility of all these remote results is buttressed by a number of internal
features that mimic those seen in local experiments. For example, the directional
asymmetries of achievement observed in the benchmark REG and RMC studies
are repeated in the remote experiments. Since the calibration data of these devices
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Fig. 11. PRP proportional score deviations (227 Ab Initio trials).

display no such biases, this effect must be related to some subtle psychological
characteristics of the operator-machine interactions that manifest in substantial di-
rectional preferences, regardless of the physical proximity of the operator to the
machine.

Likewise, the interior count structures of the anomalous remote output distribu-
tions are similar to those produced under local conditions. In both cases, the trial
(or bin) count populations indicate effects that are diffused across the entire distri-
bution in a manner consistent with a slight shift of the elemental binary probabili-

Fig. 12. PRP percipient effect sizes.
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Fig. 13. Comparisons of REG effect sizes.

ties from their theoretical expectation, rather than attributable to an excess of
extreme counts. As discussed in Jahn, Dobyns, & Dunne, 1991, such patterns sug-
gest that the operator's consciousness is inserting order, or information, into the
output data string in the most parsimonious fashion to achieve its pre-stated pur-
pose.

Examination of the individual operator effect sizes indicates, in both remote
and local efforts, that the majority of the participants are generating effects in the
preferred direction of intention, and that these are distributed over a spec-
trum consisent with the theoretical distribution that would be expected for a mean
shift of the observed scale. This consistency is again consonant with the hypothe-
sis of an anomalous alteration of the probabilities underlying the physical process
itself.

Finally, in their incremental extra-chance yields, insensitivity to distance and
time, similarity of internal structure, and regularity of operator contributions, the
results of these remote human/machine experiments bear strong resemblance to
those of our remote perception experiments. Thus, beyond lending mutual cre-
dence to one another, they strongly suggest a common underlying mechanism that
is capable of both acquisition and insertion of information in correlation with con-
scious intention. Any formal distinction between the fundamental processes of
"psychokinesis" and "precognition" thereby becomes somewhat moot. Whatever
theoretical implications may devolve from these results, one important empirical
consequence is worth noting. Much of the criticism of experimentation in this field
has focused on the inadequacy of shielding of the equipment from inadvertent or
deliberate spurious disturbance by the operator, e.g. via vibrational, acoustical,
electromagnetic, chemical, or thermal means. For this reason, most laboratories
take considerable care to preclude such artifacts via various noise suppression, vi-
bration isolation, and electromagnetic shielding techniques. In a real sense, the
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demonstration of equivalent patterns of results correlated with the intentions of
operators who are thousands of miles away from the equipment may be regarded
as the ultimate defense against such suspicions of artifactual disturbance, since by
any reasonable criterion, these must be strongly enabled by the operator's proxim-
ity. The only remanent sources then must involve the laboratory staff or local
physical environment, and these of course are totally disarmed by the double-
blind, tripolar protocols employed.

Returning to the theoretical issues, while there have been many attempts to in-
terpret consciousness-related anomalous phenomena in terms of some physical
form of information transmission, virtually all of these have explicitly or implicit-
ly presumed a space/time reference matrix. The demonstration of negligible atten-
uation of the empirical effects with distance, along with their precognitive and
retrocognitive capacities, would seem to call this presumption into question, and
specifically to preclude their attribution to any known form of field radiation, be it
electromagnetic, geophysical, or even subtler physical vectors. Rather, some more
radical proposition seems unavoidable.

Elsewhere we have suggested that such phenomena may derive from a funda-
mental resonance or bond between the operator and machine, or between the re-
mote perception participants, that facilitates a shared state of knowledge extend-
ing over both space and time, and that appears to produce anomalous effects when
forced into a causal paradigm (Jahn & Dunne, 1986; Jahn & Dunne, 1987). For
example, we have outlined a quantum wave-mechanical model wherein these
human/machine resonances are compared with covalent molecular bonds whose
exchange energies derive from the sacrifice of information discriminating their
atomic components. In support of this concept, our operators' informal subjective
reports of their experimental experiences repeatedly refer to some identification or
resonance with the experimental devices, and it may be that this bonding process
is somehow enhanced as the logical improbability of their task increases, e.g. by
spatial and temporal separation from the equipment. It could then follow from this
model that the loss of direct information, such as the visible and audible character-
istics of the machines, transcribes into the slightly enhanced ordering of the ran-
dom statistical outputs that they generate.

At the least, we must acknowledge that the empirical anomalies emerging
from these systematic human/machine experiments continue to compound and to
deepen.

Acknowledgements
The Princeton Engineering Anomalies Research program is supported by

grants from the John E. Fetzer Institute, the McDonnell Foundation, Mr. George
Ohrstrom, Mr. Laurance S. Rockefeller, and Mr. Donald C. Webster. Special
thanks are extended to the members of our laboratory staff who contributed to the
design, conduct, and analysis of these experiments and the preparation of this re-
port, and to the many volunteer operators who have so generously given of their
time and energy to the generation of the data presented herein.



332 B. J. Dunne and R. G. Jahn

References
Bell, J. S. (1964). On the Einstein-Podolsky-Rosen paradox. Physics, 1,195-200.
Dunne, B. J., Dobyns, Y. H., & Intner, S. M. (1989). Precognitive Remote Perception III: Complete Bi-

nary Data Base with Analytical Refinements. (Technical Note PEAR 89002). Princeton Engineer-
ing Anomalies Research, Princeton University, School of Engineering/Applied Science.

Dunne, B. J. & Jahn, R. G. (1991). Experiments in Remote Human/Machine Interaction. (Technical
Note PEAR 91003). Princeton Engineering Anomalies Research, Princeton University, School of
Engineering/Applied Science.

Dunne, B. J., Jahn, R. G., & Nelson, R. D. (1983). Precognitive Remote Perception. (Technical Note
PEAR 83003). Princeton Engineering Anomalies Research, Princeton University, School of Engi-
neering/Applied Science.

Dunne, B. J., Nelson, R. D., Dobyns, Y. H., & Jahn, R. G. (1988). Individual Operator Contributions in
Large Data Base Anomalies Experiments. (Technical Note PEAR 88002). Princeton Engineering
Anomalies Research, Princeton University, School of Engineering/Applied Science.

Dunne, B. J., Nelson, R. D., & Jahn, R. G. (1988). Operator-related anomalies in a random mechanical
cascade. Journal of Scientific Exploration, 2, 155-179.

Jahn, R. G., Dobyns, Y. H., & Dunne, B. J. (1991). Count Population Profiles in Engineering Anom-
alies Experiments. (Technical Note PEAR 91001). Princeton Engineering Anomalies Research,
Princeton University, School of Engineering/Applied Science.

Jahn, R. G. & Dunne, B. J. (1986). On the quantum mechanics of consciousness, with application to
anomalous phenomena. Foundations of Physics, 16, 721-772.

Jahn, R. G., & Dunne, B. J. (1987). Margins of Reality: The Role of Consciousness in the Physical
World. New York: Harcourt Brace Jovanovich.

Jahn, R. G., Dunne, B. J., & Nelson, R. D. (1987). Engineering anomalies research. Journal of Scientif-
ic Exploration, 1, 21-50.

Nelson, R. D., & Dobyns, Y. H. (1991). Analysis of Variance of Random Event Generator Experi-
ments: Operator Intention, Secondary Parameters, Database Structure. (Technical Note PEAR
91004). Princeton Engineering Anomalies Research, Princeton University, School of Engineer-
ing/Applied Science.

Nelson, R. D., Dunne, B. J., & Jahn, R. G. (1984). An REG Experiment with Large Database Capabili-
ty, III: Operator Related Anomalies (Technical Note PEAR 84003). Princeton Engineering Anom-
alies Research, Princeton University, School of Engineering/Applied Science.

Nelson, R. D., Dunne, B. J., & Jahn, R. G. (1988a). Operator Related Anomalies in a Random Mechan-
ical Cascade Experiment (Technical Note PEAR 88001), and (1988b). Operator Related Anom-
alies in a Mechanical Cascade Experiment: Supplement, Individual Operator Series and Concate-
nations (Technical Note PEAR 88001.S). Princeton Engineering Anomalies Research, Princeton
University, School of Engineering/Applied Science.

Puthoff, H. E., & Targ, R. (1976). A perceptual channel for information transfer over kilometer dis-
tances: Historical perspective and recent research. Proceedings IEEE, 64, 329-54.

Puthoff, H. E., & Targ, R. (1977). Mind Reach. New York: Delacorte Press.
Radin, D. I., & Nelson, R. D. (1989). Evidence for consciousness-related anomalies in random physi-

cal systems. Foundation of Physics, 19, 1499-1514.
Schmidt, H. (1970). A PK test with electronic equipment. Journal of Parapsychology, 34, 175-181.
Schmidt, H. (1973). PK tests with a high-speed random number generator. Journal of Parapsychology,

37, 105-118.



































































Journal of Scientific Exploration, Vol. 8, No. 4, pp. 471-489, 1994 0892-3310/94
© 1994 Society for Scientific Exploration

A Linear Pendulum Experiment: Effects of Operator
Intention on Damping Rate
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Abstract—An attractive pendulum consisting of a two-inch crystal ball sus-
pended on a fused silica rod is the focus of an experiment to measure possible
effects of conscious intention on an analog physical system. The pendulum is
enclosed in a clear acrylic box, and provided with a computer controlled me-
chanical system to release it from the same starting height in repeated runs. A
high speed binary counter registers interruptions of photodiode beams, to
measure velocities at the nadir of the pendulum arc with microsecond accura-
cy. In runs of 100 swings, taking about three minutes, operators attempt to
keep swings high, i.e. to decrease the damping rate (HI); to reduce swing am-
plitude, i.e. to increase the damping rate (LO); or to take an undisturbed base-
line (BL).
Over a total of 1545 sets, generated by 42 operators, the HI - LO difference is
significant in the direction of intention for five individuals, and the differ-
ence between intention and baseline runs is significant and positive for five
other operators. The overall HI - LO difference is reduced to non-signifi-
cance by strong negative performances from several operators, four of whom
have comparably large scores in the direction opposite to intention. Analysis
of variance reveals significant internal structure in the database (main effects
F4, 189= 2.845, p = .025). Subset comparisons indicate that male operators
tend to score higher than females, and that randomly instructed trials tend to-
ward higher scores than volitional trials, especially for male operators. Trials
generated with the operator in a remote location have a larger effect size than
the local trials.
While direct comparisons are not straightforward, it appears that effects of
operator intention on the pendulum damping rate may be similar in magni-
tude and style to those in other human/machine interaction experiments. Al-
though this result fails to support an experimental hypothesis that the analog
nature of the pendulum experiment would engender larger effect sizes, it does
confirm a basic similarity of consciousness effects across experiments using
fundamentally different physical systems.

Introduction
Experiments using electronic random event generators (REG's) of several
types (Nelson, Dunne, & Jahn, 1984; Jahn, Dunne, & Nelson, 1987; Nelson et
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al., 1991), as well as a random mechanical cascade (RMC) experiment,
(Dunne, Nelson, & Jahn, 1988) have provided evidence for anomalous corre-
lations of the performance of such physical devices with operator intention. In
particular, shifts of the empirical distribution means have been found to be sig-
nificantly correlated with volitionally or randomly assigned intentions to in-
fluence them. Although these experiments are based on substantially differing
physical processes, they are all essentially digital or discrete in nature, with bi-
nary positive or negative increments in the experimental measures as the tar-
get of the operator's intentions. To increase its generality, this genre of re-
search has been extended into the analog domain via an experiment that has
potentially greater sensitivity to operator interaction because of its appealing
aesthetic qualities and the continuously variable nature of the measurable.
The device is a classical linear pendulum, suitably instrumented to provide
precise measurement of its dynamic performance and to give appropriate feed-
back to operators. Of the many possible configurations, a free-swinging pen-
dulum enclosed in a clear acrylic box was chosen for development, with the
damping rate selected as the primary measurable. Volunteer operators, none
of whom claim special abilities, are directed to sit quietly about one and a half
meters from the pendulum and focus attention on it with either a HI intention,
defined as keeping the swings high (corresponding to a decrease in the damp-
ing rate), or a LO intention, defined as keeping the swings low (corresponding
to an increase in the damping rate), or to take a baseline (BL), wherein there is
no effort to change the pendulum behavior. These HI, LO, and BL conditions
are accumulated in contiguous sets of three runs, which are then compounded
into series which are considered to be independent replications of the experi-
ment.

Equipment
The pendulum bob is a clear quartz crystal ball two inches in diameter at-

tached to a 30-inch long, clear fused silica rod, chosen for its extremely small
coefficient of thermal expansion. The upper end of the rod is mounted in brass
and aluminum fixtures holding bearing elements. In pilot studies, three types
of precision bearings were tested, in a search for optimum reliability and mini-
mum bearing contributions to damping forces. The final choice for the formal
experiment was a miniature dual-race ball bearing system that is highly reli-
able, with low friction and no detectable sensitivity to wear or thermal expan-
sion. These bearings contribute only a small fraction (about 7% at maximum
arc) of the composite damping forces; the rest are presumably aerodynamic.
The bearing system is supported by a massive aluminum bar, 2.5 inches
square, which is fixed to a vertically oriented, machined aluminum plate, 1.5
inches thick, attached in turn to the aluminum baseplate of the experiment.
The entire pendulum assembly is enclosed in a clear acrylic box, 24 inches
square by 36 inches tall, which stands on a massive support table that encloses
the electronic hardware. Figure 1 is a photograph of the device from the oper-
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Figure 1: The Linear Pendulum Experimental Device

ator's point of view, and Figure 2 is a close-up photograph showing the bob at
the beginning of a run.

A stepper motor, mounted behind the vertical plate and operated by a micro-
controller, moves an arm that pushes the pendulum bob up to a start cradle on
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Figure 2: The Primary Components of the Linear Pendulum

the right side of the case. In the photo, the bob has just been released from the
cradle by the mechanical arm, which may be seen accelerating ahead of the
bob. Behind the bob is a conical shield over a thermistor, and at the far left is
the photodiode system. Figure 3 (Data Procesing) sketches the mechanical de-
tails of the measurement system.

To initiate a run, the arm is rapidly moved to its parking position on the op-
posite side of the case, releasing the pendulum to swing freely through an arc
of about 35 degrees. A double blade is mounted on the rod near the bob, pro-
truding toward the backplate, so that the two leading edges, separated by
about one centimeter, pass through photodiode pairs mounted on a stalk at-
tached to the backplate. The interruptions of the photodiode beams are timed
with 50 nanosecond resolution, using a binary counter with a 20 megahertz
clock rate, and the times are recorded as raw data in computer files, together
with computed velocities and changes of velocity (damping), and identifying
index information. It should be noted that although the damping rate is the
specified target of operator intention, we cannot exclude the possibility that
the experimental results could reflect influences on other elements of the sys-
tem, such as the measuring circuit, which includes both digital and analog
components.

Direct feedback to the operator during the run is provided by light projected
along the fused silica rod to the crystal bob, the color of which is changed by a
graduated filter whose position is controlled by the magnitude and sign of cu-
mulated differences between the ongoing run and the preceding baseline run.
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The operation of the experiment is entirely controlled by computer soft-
ware that communicates with the physical apparatus through a GPIB IEEE-
488 interface and EPROM based micro-controller code. The program is writ-
ten in GWBASIC to run on an 80286-based PC; it manages the experiment,
including all operator activity, and maintains data files with their correspond-
ing index. For data security and integrity, a redundant hardcopy of blocks of
averaged raw data is made to provide confirmation of the primary data and
protection against its loss. In addition to the hardcopy, a complete copy of the
data is written to a floppy disk as well as to the hard disk. A set of automatic in-
struments (Sensor Instruments Co., Inc.) records temperature, humidity, and
barometric pressure, and these parameters are included in the index for each
run.

The massive pendulum structure itself is level and stable relative to the floor
and building, and while building vibration or the effects of passing traffic, etc.,
transmitted through the concrete slab floor may in principle affect data at a sta-
tistically detectable level, the experimental design ensures that such effects
will not be correlated with conditions of intention or any secondary parame-
ters. Physical movements of the operators, such as swaying, tapping, rocking,
and head nodding in response to the pendulum, are a potential influence if they
should be mechanically coupled to the pendulum via the floor or air move-
ment. The latter possibility is largely obviated by the complete enclosure, but
protection from mechanical interference, such as stamping on the floor or
touching the pendulum case, or acoustical disturbance such as shouting or
whistling, is currently provided only by operator training and integrity. How-
ever, testing indicates that the most prominent effect, and indeed the only de-
tectable change due to regular, synchronized mechanical interference (e.g.,
tapping on the case), is to increase the variance of data within runs, leading to
increased standard error and hence more conservative tests of differences be-
tween runs. Complete protection from all such spurious sources of effect is in-
herent in the subset of the database where operators are in a remote location
during the run. All of these are run automatically, often when no one is in the
laboratory, and in any case the staff do not know the order of the operator in-
tentions, so that there is no possibility for conscious or unconscious introduc-
tion of correlated vibrations. Finally, a fail-safe threshold check is incorporat-
ed to detect rampant outliers caused by bearing malfunction or other major
artifact, but in the formal database accumulated since the installation of the
precision dual-race bearings, no such threshold events have occurred.

Procedure
Data are taken in runs of 100 full swings and the pendulum period is about

1.8 seconds; a run thus takes about three minutes, plus time for writing files
and recording summary information. The three intentions are combined in
contiguous sets of three runs, wherein the environmental and mechanical con-
ditions are presumed to remain closely similar. Following a non-recorded run
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that verifies nominal system performance, data are generated in sessions that
last about an hour.

Feedback during a session is based on comparison of the high and low inten-
tion runs with the baseline of the current set. This requires that the first run in
all sets be the baseline, and hence only the comparison of randomly ordered
high versus low runs is strictly immune to secular trends in the machine's per-
formance. Actually, no such trends have been seen in extensive calibration
tests, with the exception of some correlations with changes in atmospheric
variables, and these variations are typically much too slow to have any bearing
on within-set comparisons. More specifically, temperature, humidity, and
barometric pressure are routinely recorded, and the calibration data indicate
that barometric pressure is correlated (r = -0.93) with the overall change in ve-
locity during a run. Temperature and humidity are also related, but cross-corre-
lated with pressure, so that a regression model using only pressure can account
for about 90% of the variance from these sources. Analysis software calculates
a correction factor from barometric pressure readings to compensate for the in-
fluence of the environmental variables on the pendulum damping rate, but be-
cause comparisons are all made within the sets, this correction is negligible.

The computer program includes an option for delayed start of a sequence of
preprogrammed runs. This is used for overnight calibrations, and also for for-
mal experiments with the operator in a remote location. In the latter case, an
arrangement is made to generate data in session-length blocks beginning at a
specified time, with runs spaced at five minute intervals. The operator reports
the order of the HI and LO intentions after the data have been generated and
recorded, and only then receives feedback.

The experimental parameters maintained in the index and logbook include
the mode of instruction and the mode of feedback. Operators may choose the
order of HI and LO intentions, or have the order assigned randomly by the pro-
gram. There are several options for feedback, including digital or color indica-
tors, or both, or the operator may choose to have no explicit feedback. The dig-
ital option is a computer display of the positive or negative cumulative
deviation of the present run's change in velocity in each half swing, compared
with the baseline. Color feedback shows increasing positive deviations as
amber, then red illumination of the pendulum bob, and negative deviations as
green, changing to blue. Operators are encouraged to generate multiple series,
and to explore the optional instruction and feedback modes. The planned
analyses include comparison of these options as well as comparison of indi-
vidual operators and the male and female subsets.

Data Processing
Extensive processing is needed to transform the original data stream into

well-behaved random variates, suitable for statistical comparisons to deter-
mine operator effects. The ultimate goal is to reduce the measured data for
each run to quantities that may be compared using robust parametric tests. The
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Figure 3: Photodiode Measurement System

original data are auto correlated, nonlinearly decreasing values, and are con-
verted to normalized scores that are more nearly linear and are uncorrelated.
The final comparisons are based on subtractions between nominally equiva-
lent points in the normalized time series, compounded across the run. The re-
sulting summary numbers are well-behaved, as described in more detail in the
Calibrations section.

A complete description of the analysis including details of the normaliza-
tion is provided in Nelson & Bradish, 1993. Briefly, the measurement/analysis
logic proceeds as follows: Two photodiode pairs mounted at the nadir of the
pendulum swing have their respective light beams interrupted by the double
blade on the pendulum shaft (Figure 3). Blade edges a1 and a2 interrupt photo-
diode beam A as the pendulum swings rightward; times A1 and A 2 are read
from a 50 nanosecond resolution clock (32 bit binary counter) and recorded in
computer memory. Similarly, passage of edges b1 and b2 over detector B on the
leftward swing are recorded as times B1 and B2

For each such half swing, the raw data are thus two interrupt times that are
recorded along with a status byte that identifies left and right swings and a
checksum that validates data transmission. From these times and the distance
between edges, corresponding right and left velocities, V, are calculated. For
each run, an average change in velocity from swing to swing, V-i -Vi+1, is com-
puted and normalized by the current swing velocity. For each half-swing the
normalized change in velocity is:

A grand mean for the run is computed across all half-swings, and differences
of the means for the HI and LO intentions are assessed using Student t-tests;
for convenience, these scores may be converted to standard Z-scores, i.e. ex-
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pressed in units of the standard deviation of the mean, via the inverse normal
distribution. These calculations are made for each series, and the results pro-
vided to operators as feedback. For concatenations of more than one series,
analogous computations are made by compounding the individual tripolar sets
without regard to their original series membership. In addition to the HI - LO
comparison, an orthogonal comparison is made of the combined intentional
runs vs baselines (INT - BL). For the pre-planned comparisons, a directional
prediction was made, and the 0.05 criterion for "significant" deviation corre-
sponds to a Z-score of 1.645.

Calibrations
Since theoretical modeling of ideal pendulum function provides only a

rough approximation to the precise empirical measures of a complex, real sys-
tem, experimental data can only be assessed against a background of calibra-
tions that characterize the performance of the pendulum in the absence of op-
erator interactions. For calibration runs, the computer program provides fully
automatic control of the machine and permits delayed start times so that data
may be taken during the night when there is little building activity and no peo-
ple present, as well as during normal laboratory hours. Calibrations were done
as sets of 27 runs, some taken in single sessions typically beginning at 2:00
am, and others during the day, to determine whether the activity of people in
the laboratory could detectably influence pendulum performance. These two
categories of calibrations are indistinguishable. To assess distribution charac-
teristics and confirm the validity of the statistical processing, the calibration
data were arbitrarily assigned to the three intention categories, then processed
as if they were experimental data taken in 9-set series, with comparisons made
of the "HI" and "LO", and both of these with the "BL". This random assign-
ment procedure was used to construct 600 artificial series t-scores. A good-
ness-of-fit comparison of these with the appropriate theoretical Student t-
score distribution yields x2 = 11.964, based on 13 df, with a corresponding
probability of 0.531. Thus, although some session-to-session changes due to
atmospheric effects are detectable in the mean and standard deviation, these
are normalized correctly by the within-set differential analysis.

Results
The formal experiment began on January 10, 1990; on February 1, 1993, the

decision was made to conclude the global accumulation of data, and thereafter
to limit data collection to the production of large individual operator databases
for systematic exploration of secondary parameters. This report summarizes
the primary results of a comprehensive analysis of the three-year pendulum
database.

The entire formal database contains 235 complete series and 5 partial series,
for a total of 1545 runs in each of the three intentions (HI, LO, and BL). The
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TABLE 1
Full Database, Differences by Major Parameters
HI - LO Comparisons and INT - BL Comparisons
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Subset N-Pairs Diff SD Z, HI-LO p-value Z-INT-BL p-value

All Data
Local
Remote
Female
Male
Volitional
Instructed
Full Feedback
Other Feedback
Female Local
Male Local
Remote Female
Remote Male
Female Volit.
Male Volit.
Female Instr
Male Instr
Full Fbk Fern
Full Fbk Male
Other Fbk Fem
Other Fbk Male
Color Fbk
Digital Fbk
No Fbk

1545
915
630
770
775
421
494
666
249
609
306
161
469
313
108
296
198
377
289
232

17
144
27
78

1.767
1.294
2.456

-0.792
4.310

-7.470
8.762
5.004

-8.630
-3.448
10.730
9.256
0.121

-9.520
-1.528

2.973
17.416

1.765
9.229

-11.918
36.244
-0.088

-19.753
-20.550

97.5
100.8
92.4

106.1
88.0

101.9
99.5
97.4

109.2
106.4
88.2

104.9
87.7

109.1
77.5

103.2
93.1

103.6
88.6

110.5
79.5
81.9

213.9
101.0

0.713
0.388
0.667

-0.207
1.362

-1.502
1.953
1.325

-1.244
-0.799

2.118
1.116
0.030

-1.540
-0.205

0.495
2.606
0.331
1.764

-1.636
1.760

-0.013
-0.474
-1.773

0.238
0.349
0.252

(0.418)
0.087

(0.067)
0.025
0.093

(0.107)
(0.212)
0.017
0.132
0.488

(0.062)
(0.419)
0.310
0.005
0.370
0.039

(0.051)
0.039

(0.495)
(0.318)
(0.038)

1.367
1.245
0.642
0.650
1.340
1.207
0.572
0.993
0.751
0.664
1.353
0.136
0.682
1.054
0.592

-0.128
1.238
0.317
1.262
0.656
0.522
0.486

-0.507
1.563

0.086
0.107
0.260
0.258
0.090
0.114
0.284
0.160
0.226
0.253
0.088
0.446
0.248
0.146
0.277

(0.449)
0.108
0.376
0.104
0.256
0.301
0.313

(0.306)
0.059

incomplete series, concatenated as sets of runs, are included in the analyses
since they are viable data in all other aspects of protocol. One or more series
were completed by 42 operators, 21 female and 21 male. Of these, 40 opera-
tors generated at least one local series, and 12 operators, including the two
who were unable to produce local databases, completed one or more series
from remote locations.

Full Database
The database can be separated into several subsets taken under different

conditions. There are 915 local and 630 remote runs, and an approximately
equal number of runs by male and female operators (775 and 770, respective-
ly). Comparisons can also be made between the volitional and randomly in-
structed modes for assignment of intention, and between different feedback
modalities. Table 1 summarizes the results for the complete database broken
down by location, sex, type-of-instruction, and type of feedback. The feedback
comparison is between "full" (color plus digital) vs "other" (digital alone,
color alone, or none). These subsets are further subdivided into male and fe-
male subsets for location, type-of-instruction, and feedback modality. The
table shows the number of pairs (N-pairs), their mean difference (Diff), the
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Figure 4: Cumulative Deviation of Intentions (AH Data)

standard deviation of the distribution of differences (SD), and the Z-score for
the mean difference, with corresponding p-value. Z-score equivalents to the
original calculated t-scores are used for convenience in making comparisons;
only the Z-score and the p-value are given for INT - BL.

The overall difference of HI - LO is positive, but non-significant. Several
subsets exhibit significant differences, notably the Instructed, the Male Local,
the Male Instructed, and the Male Full-feedback groups. The Volitional vs In-
structed difference appears to be very important in this database, yielding op-
posite effects and a computed Z-score for the difference of 2.443. The Male vs
Female difference is quite large in the local data, with a difference Z of 2.063.
This difference is reversed, though not as strong, in the Remote subset; howev-
er, the reversal is heavily influenced by the large database from operator 144,
as discussed in the Remote Data section. There is also a strong difference be-
tween full feedback, which yields a positive effect, and the other three feed-
back options, all of which show null or negative results (difference Z = 1.817).

A graphical representation of the data in the form of cumulative deviations
from the theoretical chance expectation displays the chronological develop-
ment of the statistical trends. The terminal value of such a cumulative devia-
tion corresponds to the mean difference of the data distribution (multiplied by
the number of trials). The full database concatenation shown in Figure 4 re-
sembles one-dimensional random walks with steps away from the expected
mean in the positive or negative direction. To scale the deviation, the figure
includes a dotted curve showing the locus of the 0.05 p-value for cumulative
deviations, based on the standard deviation of the HI - LO differences.
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Figure 5: Average Intention vs Baseline (All Data)

The somewhat irregular accumulation of HI — LO deviations in the direction
of intention is shown as a solid trace, which approaches significance in the
early part of the database, but retreats somewhat during the later portion. The
dotted traces showing the other two comparisons display the striking asymme-
try mentioned earlier, in that the differences of HI vs BL tend to be consistent-
ly positive and correlated with intention, while the corresponding LO vs BL
differences actually tend toward a positive deviation, opposite to intention.

This strong asymmetry of performance contributes heavily to the non-sig-
nificant overall result, despite the unusual proportion of extreme scores. For
22 operators, both the HI and the LO intention scores are higher than the base-
lines, significantly so for five individuals, and the scores compound to a posi-
tive overall INT - BL difference that approaches significance. All but two of
the subset differences are positive, i.e. the intentional runs tend to be higher
(show smaller damping rates) than the baseline runs. Figure 5 shows this
asymmetry to be a consistent difference between the combined average inten-
tion and the baseline data that accumulates steadily over the full database.

Although no prediction was made for such asymmetry, the figure again in-
cludes the one-tailed p = 0.05 envelope to provide a sense of scale. These
strong INT - BL results indicate a differential effect of operator intention com-
pared with baselines that is orthogonal to, and hence independent of, that pre-
dicted in the primary hypothesis addressing the HI - LO difference.

The question arises whether the asymmetry might reflect a consistent trend
within the sessions, where the baseline, as the first member of each set, might
typically be lower than the intentional runs for prosaic reasons such as changes
in temperature or other environmental variables. To address this concern, the
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Figure 6: Cumulative Deviation of Intentions (Volitional Data)

BL data within sessions were compared. No significant differences were found
in the aggregated baselines from the first set compared with the second or third
set, and the distribution of the signs of the differences was well within chance
expectations based on the appropriate binomial. In fact, between the first and
second aggregate BL there is a small positive difference, the opposite direc-
tion from that required to explain the asymmetry in the intentional data.

Local Data
Five of the 40 local operators (12.5%) show independently significant HI -

LO differences in the direction of intention. However, as noted earlier, other
individuals produced comparably strong effects in the direction opposite to in-
tention. Examination of the distribution of operators' Z-scores reveals that the
large number of extreme scores in both tails leads to a standard deviation of
1.255, a significant increase over the theoretical expectation (p = 0.011), indi-
cating that individual operator differences may be important in this database.
Contributing to the variance increase, males have a significant positive
achievement (p = 0.017), while the female operators' HI - LO difference is
negative. This male-female difference obtains over both modes of instruction
and over both categories of feedback.

The most prominent difference among subsets of the pendulum database is
that between volitional and randomly instructed runs. Figures 6 and 7 show
that both have steady accumulations, but in opposite directions. This differ-
ence is more pronounced in data from male operators alone, and the Instructed
subset for the male operators exhibits by far the largest deviation in the entire
database, with a p-value of 0.005 for the HI - LO difference.
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Figure 7: Cumulative Deviation of Intentions (Instructed Data)

Remote Data

Under the remote protocol, 630 runs were generated by 12 operators. In the
HI - LO comparison, only one of the 12 achieved a significant deviation, but
eight had a positive effect. This subset is severely unbalanced by one operator
(144) who comprises nearly half the total database, exhibiting a consistent
though non-significant negative yield. This contribution severely depresses
the overall remote effect size, although it remains larger than that of the local
runs. The combined results of the 11 other operators, in contrast, are positive
and significant (p = 0.048), and significantly different from those of operator
144 (p = 0.027). Figure 8 shows the remote data in the cumulative deviation
format, and displays its chronological development.

Two long negative trends are apparent (approximately sets 175 - 325 and
425 - 575), composed primarily of data from operator 144, which are shown
separately in Figure 9. If these data are not included, the early trend continues
and the remote database shows a significant HI - LO difference (Z = 1.667),
with an effect size considerably larger than that of the local database. This
subset of all remotes excluding operator 144 is shown in Figure 10.

The remote data are important for both practical and theoretical reasons.
The potential vulnerability of the pendulum to operator induced mechanical
disturbances is totally obviated for the remote data, which thus provide a pro-
tected subset immune to spurious influences that might conceivably affect
local data. Beyond this, the appearance of effects with operators located up to
thousands of miles from the device has major implications for modeling the
anomalous correlations, especially if the effect size is commensurate with that
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Figure 8: Cumulative Deviation of Intentions (Remote Data)

in local experiments. In fact, although the difference is not significant, the re-
mote effects are larger than those found in the local data. It is also worth not-
ing that the pattern of results for the orthogonal INT - BL comparison resem-
bles that of the local data, with a net positive trend.

Figure 9: Cumulative Deviation of Intentions (Operator 144)
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Figure 10: Cumulative Deviation, Remotes (Excluding Operator 144)

ANOVA and Database Structure

The pendulum database has several potentially important factors that may
interact with the primary variable of operator intention, and a more rigorous
assessment of their independent contributions requires a comprehensive
analysis of variance. The experiment is formally a factorial design, with un-
equal cell populations and some empty cells. While all interactions cannot be
calculated, an unbalanced multi-factor analysis of variance can be performed,
yielding a model that provides a useful overview and background for the indi-
vidual t-test assessments of particular questions. To avoid small cell popula-
tions, the ANOVA was restricted to 200 series produced by "prolific" opera-
tors who have completed 25 or more sets of runs. Eighteen people have met or
exceeded this criterion, and they have collectively produced a total of 1311 tri-
polar sets of runs (85% of the full database) in the local and remote protocols.
The results in this prolific operator database are consistent with those of the
full database (Nelson and Bradish, 1993).

Table 2 displays the ANOVA results, showing the main effects and the inde-
pendent contributions from secondary parameters and their two-way interac-
tions, using the HI - LO Z-scores for the series as the dependent variable. For
each potential source of variance, the table gives the sum of squares, the de-
grees of freedom (D. F.), the mean square, and the F-ratio with its associated p-
value. The residual variance is used as the error estimate for all factors.

Combined contributions from the main effects indicate the degree of overall
structure in the model, i.e. a relationship of the HI - LO difference to the ex-
perimental parameters, and the remaining rows in the table show the specific
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TABLE 2
Pendulum ANOVA, Prolific Operator Database

Source

Main Effects
R/V/I
M/F
F/O

Interactions
R/V/I/xM/F
R/V/I/xF/O
M/F/xF/O

Covariate
Residual
Total

Sum of Sqrs

11.947
7.697
0.468
3.782
2.469
1.126
1.237
0.105
1.371

198.427
214.214

DF

4
2
1
1
5
2
2
1
1

189
199

Mean Sqr

2.987
3.849
0.468
3.782
0.494
0.563
0.618
0.105
1.271
1.050

F-Ratio

2.845
3.666
0.446
3.602
0.470
0.536
0.589
0.100
1.206

p-value

0.025
0.027
0.512
0.059
0.798
0.586
0.556
0.755
0.255

contributions from these parameters and their interactions. The secondary pa-
rameters include a factor comparing three distinct instruction protocols, i.e.
the remote subset and the volitional and randomly instructed local subsets
(R/V/I); a two level factor for male and female operators (M/F); and a two
level distinction of full feedback (both color and digital) vs all other feedback
options (F/O). It should be noted that the remote subset does not include data
from the V/I subset nor the F/O factor, and hence the R/V/I x F/O interaction is
not influenced by the remote data. The INT - BL difference is entered as a co-
variate in the primary calculation to test its orthogonality. A significant con-
tribution would indicate that this difference is not independent, but covaries
with one or more factors in the model. In accord with the expected orthogonal-
ity, it is found to yield a negligible contribution.

Confirming the earlier ad hoc results, the ANOVA model returns a p-value
of 0.025 for the main effects, providing a clear indication of structure in the
database, driven by a significant contribution from differences among the vo-
litional, instructed, and remote subsets, and by a strong difference of the com-
bined color/digital feedback subset compared with all other feedback modes.
The former contribution is primarily from a difference between the two in-
struction modes, which yield opposite effects; a supplementary model restrict-
ed to local data alone shows the V/I factor to be significant at p = 0.014. These
two conditions effectively cancel each other in the full database and this large-
ly explains the small size of the overall deviation attributable to operator in-
tention (see also Table 1).

The difference between Volitional and Instructed assignment of intention is
striking, and broadly distributed across operators, both in the magnitude of the
HI - LO difference and in the degree of asymmetry reflected in the INT - BL
comparison, but the present analysis does not suggest an adequate explanation
for the V/I difference. Certainly the significant asymmetry of the Volitional
subset contributes to this difference, but it does not by itself explain the nega-
tive sign of the Volitional data. One possibility is that certain consistently suc-
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cessful or particularly unsuccessful operators tend to select just one of the two
modes, and, in fact, operators do express strong preferences and tend to use
only one of the modes. However, an examination of individual databases does
not support this hypothesis. Of the prolific operators who did explore both
modes, about 75% succeeded in the Instructed protocol, but only about 30%
did so in the Volitional mode.

The feedback comparison collapses three infrequently used modes, color
only, digital only, and no feedback, into a single category for comparison with
"full" feedback combining both color and digital modes, which operators
chose almost three times as often as the other conditions combined (see Table
1). Separately, each of the three less frequently chosen feedback modes yields
a negative net effect, and in this ANOVA model, the F/O factor indicates a
marginally significant difference of these compared with the full feedback.

The male vs female factor is not a large contributor, nor are its interactions
with R/V/I or F/O. This appears to be inconsistent with the t-test comparisons
which suggested a difference in male and female performance. A separate
model that collapses the volitional and instructed datasets (making a local sub-
set for comparison with the remotes) shows a relatively strong, though non-
significant interaction of the M/F factor with the new "location" factor. That
is, the males tend to do better in the local condition, and females better under
the remote protocol. Another separate model was computed replacing the M/F
factor with an 18 level factor representing Operators. It showed that differ-
ences among the prolific operators do not generate a significant contribution
to the model, despite the increased variance across all 40 operators' results
discussed in section 6.2, suggesting that the other experimental factors ac-
count for some part of the apparent inter-operator variability.

Discussion and Conclusions
In designing this experiment, one of the primary questions to be addressed

was whether an analog measurement of variations in the performance of a
physical system, together with the "analog" character of the operator's experi-
ence, might reveal larger effects of human consciousness than those shown
earlier in digital systems. That question has been answered in the negative.
While the analog linear pendulum appears to be viable as a formal experiment
for exploration of interactions of human consciousness with physical systems,
it does not yield stronger results than the digital experiments. Indeed, the char-
acter of the results in the pendulum experiment closely replicates those in both
our REG and RMC studies. Again there is a persistent accumulation of very
small statistical deviations in the direction of intention, contributed by many
of the operators rather than by one or two particular individuals, and again
there is evidence of an asymmetry between the two intentions. This marginally
significant asymmetry is independent evidence of an effect of human inten-
tion, and it bears further examination to explore its correlates. For example,
the effect is particularly strong in the volitional subset, as is true for the HI -
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LO difference as well, and it is stronger for the male operators than the female.
Virtually all the effect derives from trends opposite to intention under the LO
instruction, that is, there is an asymmetry within the asymmetry that favors the
HI direction. It is instructive that similar asymmetries have been observed in
the benchmark REG experiment, and with particular clarity in the RMC exper-
iment (Nelson, et al, 1991; Dunne, Nelson, & Jahn, 1988).

The remote database also shows a larger effect size than the local database,
as was found in both the REG and RMC experiments (Dunne and Jahn, 1991).
A direct comparison of effect sizes across experiments based on the number of
trials or bits processed is not feasible since the analog and binary event mea-
sures are fundamentally different. However, the time spent by operators inter-
acting with the experiment can be used to normalize the terminal scores of
these experiments in a way that allows a tentative comparison (Nelson, 1994).
For the pendulum experiment, the combined local and remote effect size
E(t) = zVhrs calculated for the prolific operator subset is 0.170. The corre-
sponding prolific operator effect sizes for the diode-based REG and the RMC
are 0.236 and 0.251, respectively, both well within chance variation of the
pendulum effect size.

This comparability of outcomes also has an implication for the integrity of
the pendulum data. Since complete isolation from possible spurious influences
is impractical, the experiment depends on a physical and statistical design that
allows confidence in the data without making the experiment cumbersome.
The similarity of the pendulum results to those of the fully protected REG,
along with the comparability of the remote results, indicates that no large con-
tributions have arisen from spurious sources.

A number of findings in the pendulum analysis are especially revealing in
their similarities to those of other experiments. Most important is the indica-
tion of structure imposed by operator intention on a nominally random
process, despite non-significant overall correlation with the damping rate. The
greatest contribution to this outcome is the significant difference between ran-
domly and volitionally instructed datasets. The magnitude of this difference
and its generality across operators are unusually pronounced in the pendulum
experiment, and future experiments might profitably focus on this parameter.
It is important to note that the random instruction provides full assurance that
the HI and LO intentions cannot be chosen to exploit any temporal trends, yet
this condition yields the strongest, indeed independently significant, results.
The instructed data show less of the asymmetry that characterizes the overall
database, helping lay to rest any concern that the asymmetry might reflect
some unknown, non-anomalous aspect of the experimental protocol. Indeed, it
can be seen that the largest portion of the asymmetry is due to the strongly in-
verted LO - BL data within the volitional subset.

Of the four feedback options, by far the most successful is the combined
color and digital feedback. It is also greatly preferred by the operators over
other options. Color alone has a fairly substantial database, while the digital
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and no-feedback subsets are very small, but none of these alone appears to pro-
mote successful performance. It must be noted that assessments in the small
datasets are vulnerable to confounding, since the data represent only two or
three operators, and there is modest evidence for inter-operator differences. It
should also be noted that the remote data, which show a larger effect size than
the local data, have no on-line feedback at all, lending a further cautionary
note for interpreting apparent differential effects of feedback conditions.

Although most operators regard the pendulum as an attractive and enjoyable
experiment, its relatively modest yield in terms of effect size, its cumbersome
data processing, and its potential vulnerability to various non-anomalous influ-
ences will probably limit future data collection to explorations by individuals
who wish to develop large personal databases. These data will be used to deter-
mine more precisely the differential effects of optional parameters, differences
among operators, and differences between local and remote protocols.
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Abstract — Effect sizes achieved by human operators in random event gen-
erator anomalies experiments show correlations with the ordinal positions of
the experimental series in both the collective and individual databases.
Specifically, there are statistically significant tendencies for operators to pro-
duce better scores over their first series, then to fall off in performance in
their second and third series, and then to recover to some intermediate levels
during their fourth, fifth, and subsequent series. Such correlations appear in
both local and remote experiments, and are also indicated over a sequence of
different experimental protocols, but no similar effects are found in baseline
or calibration data. These serial position patterns thus appear to be primarily
psychological in origin, and may subsume the rudimentary "decline," "pri-
macy," "recency," and "terminal" effects propounded in the parapsychologi-
cal and psychological literature. The results also emphasize the importance
of very large individual databases in determining the asymptotic effect sizes
in any given experiment of this type.

Introduction
Casual retrospective examinations of the huge random event generator (REG)
databases acquired over fourteen years of experimentation in this laboratory
(Nelson & Dobyns, 1991) have suggested that certain subtle patterns of opera-
tor performance associated with the degree of experience with given devices
and/or protocols may reside therein. For example, the largest coherent subset
of REG data, acquired using single operators proximate to a machine driven
by a microelectronic diode noise source, displays a statistical pattern of scores
that correlate with the ordinal position of the experimental series in the opera-
tor data sets. More specifically, it appears that early success in the first series
is substantially decreased in the next series or two, and then recovers over the
next few series, at least partially, to comparatively stable success levels.

These impressions are reminiscent of various allusions to "decline effects,"
"position effects," or "learning effects" in the parapsychological literature,
and to observations reported in the broader psychological domains of learn-
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ing, memory, attention, and vigilance (cf Appendix). For example, Rhine and
Humphrey describe temporal effects in ESP experiments wherein the scoring
is more extreme at the ends of runs than in the middle, leading to U-shaped
score patterns (Rhine & Humphrey, 1944). Rhine later refers to "patterns of bit
frequency that relate to the structure of the test," and notes that adults display
such patterns more markedly than children; that the effects are more pro-
nounced in experiments where operators work without an observer and where
they are aware of their progress as the test progresses; and that these trends
may be observed from the level of the trial up to that of the full experiment
(Rhine, 1969).

In the hope of clarifying such serial position effects, we have undertaken a
more detailed and quantitative analysis of possible correlations of REG scores
with series order. The single operator, local, diode database employed for this
purpose comprises some 2.5 million total trials arrayed in 522 experimental
series of varying sizes, generated by 91 individual operators. Since details of
these experiments have been reported elsewhere (Nelson & Dobyns, 1991;
Nelson, Dunne, & Jahn, 1984; Jahn, Dunne, & Nelson, 1987; Jahn & Dunne,
1987; Nelson, Bradish, & Dobyns, 1989; Jahn, Dobyns, & Dunne, 1991;
Dunne & Jahn, 1993), here we will simply summarize the pertinent terms and
conditions. A tripolar protocol requires operators to intersperse efforts to pro-
duce counts higher or lower than the theoretical expectation, with baselines
where the machine is operated without any explicit intention. A trial consists
of 200 random binary digits, typically generated at 1000 per second, which are
compared with a regularly alternating + - + - . . . sequence. The number of con-
forming bits is displayed via LEDs on the face of the device, and automatically
and redundantly recorded in a computerized data management system. Trials
are generated in runs of 50, 100, or 1000, depending on operator preference or
protocol constraint. In most cases, the trials are automatically sequenced after
a single button press, although they may also be produced in a manual mode
where each trial is independently initiated. An experimental series, which is
the basic statistical unit of these experiments, constitutes an independent ex-
periment of a predetermined number of trials generated under each of the three
intentions of "high," "low," "baseline" with all other conditions held constant.
In one protocol ("volitional"), the intended directions are selected by the oper-
ator, with a constraint on balance, prior to the trials. In an alternative protocol
("instructed"), the intended directions are imposed by a random indicator. Data
are produced in sessions, typically about one hour in duration, consisting of
anywhere from a minimum of five 50-trial runs to one or more entire series,
again depending on operator preference or protocol structure. All of the opera-
tors are anonymous, uncompensated, adult volunteers, none of whom claim
extraordinary abilities. No training or incentives are provided, and individual
styles vary widely from very casual to highly intense. No attempts are made to
correlate performance with any psychological or physiological parameters,
other than those implicit in the protocol variations.
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The database under study includes series of 5000, 3000, 2500, and 1000 tri-
als per intention and combines the results of three distinct experiments, which
differ in terms of run length, series size, and a number of other optional sec-
ondary parameters. However, all follow the same tri-polar protocol and ad-
dress the same primary correlate — the pre-recorded intention of the operator
to shift the means of the output distributions in a given direction. All are con-
ducted under tightly controlled conditions, with the data redundantly recorded
on-line in appropriately labeled computer files and on a paper tape printout.
The operators are in the same room as the device during its operation, and re-
ceive visual feedback during the course of each series, as well as summary sta-
tistical feedback at its conclusion. Thus, for purposes of analysis, as well as for
the operator's conceptual perspective, each series can be regarded as an inde-
pendent replication of the basic experiment, standing as a complete unit of ef-
fort in its own right.

Database

The average mean shifts of the approximately 840,000 trials per intention
compounded in this data set are statistically significant in both the high and
low directions. The high efforts produce an overall mean count of 100.026 (z =
3.369, p = 4 x 10-4), and the low efforts a mean of 99.984 (z =-2.016, p = .022).
The probability of obtaining this separation of means of .042 between the two
directions of effort over a database of this size by chance is less than 7 x 10-5 (z
= 3.809). In contrast, the overall baseline mean of 100.013 is not statistically
different from the expected value of 100.000 (p = .096 two-tailed). Since ex-
tensive machine calibrations confirm that the undisturbed behavior of the de-
vice conforms well to theoretical chance expectations, with no indications of
secular trends (Nelson, Bradish, & Dobyns, 1989), all comparisons in this
paper are made against theoretical predictions.

An unavoidable variable that must be carried through this serial position as-
sessment is the number of series performed by each of the 91 participating op-
erators which, for reasons of interest or availability, ranges from one to sixty-
five. It should be noted, however, that the individual operator effect sizes,
irrespective of their database sizes, distribute about the shifted means largely
as one would expect by chance, with no indication beyond random fluctuation
that any operators are more "effective" than the others (Dunne, et al, 1988).
For purposes of analysis the entire database has been divided into just five sub-
sets, namely the compounds of all first, all second, all third, and all fourth se-
ries, and all series numbered five and higher, henceforth denoted by "5+", as
summarized in Table 1. Note that although the last subset was produced by
only 21 "prolific" operators, it constitutes 280 series or 54% of the total data-
base. It is thus possible to construct a more balanced set of data consisting of
the (1, 2, 3, 4, 5+) series results of these prolific operators alone, for our first
attempt to assess any possible series order effects.
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TABLE 1
Distribution of Operators over Series Number

Series No. No. of Operators (%)

1 91
2 68
3 58
4 25
5
6
7
8
9
10

( 21
20
17

5+ 15

13
13

>10 J 12

(100%)
(75%)
(64%)
(27%)
(23%)
(22%)
(19%)
(16%)
(14%)
(14%)
(13%)

Prolific Operator Results

Figure 1 displays the effect sizes for all the tripolar efforts of these 21 prolif-
ic operators as a function of series number 1 through 5+. The combined effect
sizes of all of their data are indicated at the extreme right of the graph. Error
bars are 1.65 CT (p = .05, one-tailed) for the high-and low-effort data, and 1.96 a
(two-tailed) for the baseline data. In the high efforts, a highly significant posi-
tive effect in the first series is followed by a sharp decline to negative values in
series 2, 3, and 4, after which the positive trend is recovered in the fifth series
and beyond. The low efforts show a slightly different pattern, with first and
second series effects significant in the intended direction followed by a sharp
reversal to an opposite effect in the third series. The data then revert to the in-
tended direction in the fourth series and beyond. The high-low differences in
these data reflect the combined negative results of both intentions in the third
series to produce a distinct reversal in the positive effects established in all the
other series, where the separations between the high and low values are consis-
tent with the operators' directions of effort. Finally, the baselines interspersed
with these intentional efforts show no statistical evidence of such a pattern.

These series position patterns can be submitted to regression analysis to de-
termine the statistical significance of the observed trends. For example, the
quadratic terms of the regressions provide indications of the degree of curva-
ture in the series sequences. Using an appropriate error term that includes mea-
surement uncertainty for the individual points, these coefficients can then be
converted to standard z-scores, noted on the graphs as Z2. In the high-going ef-
forts, the one-tailed probability of the quadratic coefficient is 4x10-4, attesting
to a significant U-shaped trend; in the low efforts, despite the striking reversal
of effect in the third series, the curvature is actually non-significant (p = .290).
The high-low difference curvature is significant with a probability of .004, dri-
ven primarily by the high-intention results. There is no significant curvature in
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Figure 1: Effect Size By Series for 21 Prolific Operators

the baselines, at a probability of .604. (All baseline probabilities are calculated
on a two-tailed basis, since excessive excursions in either direction would con-
stitute an anomaly.)

Table 2 summarizes the effect sizes, or mean shifts, of each of these prolific
operator series subsets in numerical form.
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TABLE 2
REG Effect Sizes by Series Position
(364 Series, 21 Prolific Operators)

Subset

1st Series
2nd Series
3rd Series
4th Series
5th Series +
All

High

0.093 *
-0.032
-0.053
-0.018
0.035 *
0.025 *

Low

-0.054 *
-0.083 *
0.034

-0.049 *
-0.024 *
-0.029 *

dHi-Lo

0.143*
0.051 *

-0.083
0.031
0.059 *
0.054 *

Baseline

-0.015
-0.035
0.012
0.043
0.008
0.005

*Significant in direction of effort at p < .05

Full Database Results
Although the prolific-operator subset provides the most balanced basis for

assessing series order patterns, it is instructive to compare those results with
those of the full database to assess whether the observed trends can be general-
ized across unbalanced data cells. Table 3 and Figure 2 present such results for
all 522 series comprising the total REG local diode database, again by series
order. Despite the fact that the individual contributions from each of the 91
operators are quite disparate in terms of the number of series in each subset (cf
Table 1), the patterns remain generally similar to those shown above. There is
a more rapid recovery of the effect size in the high efforts, and the third series
reversal is even more marked in the low efforts than in the prolific operator
subset, but the overall trends, like those of the high-low differences, are essen-
tially the same. As before, the baselines show no evidence of a series order ef-
fect. Regression analysis once again yields significant coefficients in the qua-
dratic components of the high efforts (p = .019) and the high-low differences (p
= .016), while the low efforts remain non-significant (p = .154), as do the base-
lines (p = .934).

The graphs of Figures 3 and 4 present the preceding prolific operator and
total database serial position effects in another instructive format, namely as
progressions of the cumulative means. In essence, these displays respond to

TABLE 3
REG Effect Sizes by Series Position

All Local Data (522 Series, 91 Operators)

Subset

1st Series
2nd Series-0.019
3rd Series
4th Series
5th Series +
All

High

0.046 *
-0.033 *
0.018
0.000
0.035 *
0.026 *

Low

-0.009
0.015
0.046

-0.033 *
-0.024 *
-0.016 *

dHi-Lo

0.055 *
0.006

-0.026
0.033
0.059 *
0.042 *

Baseline

0.025

0.025
0.026
0.008
0.013

* Significant in direction of effort at p < .05
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Figure 2: Effect Size By Series for All Operators

the important question: "If the experiment had been terminated at the end of
the nth series (n = 1, 2, 3 . . . ), what would have been the accumulated effect
size?" The salient information here is the rate at which these cumulative
means converge to stable asymptotic values, and the indication is somewhat
ambivalent. On the one hand, some four to five series suffice to subsume most
of the pathological variations of the early series means into relatively stable
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Figure 3: Cumulative Effect Size By Series for 21 Prolific Operators

values, but even these differ somewhat from those ultimately achieved after
yet many more series are included. These latter, slower progressions in the cu-
mulative means to significant terminal values are largely attributable to a few
extremely prolific operators whose effect sizes persist through many tens of
series (Dunne, Dobyns, & Jahn, 1993).
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Figure 4: Cumulative Effect Size By Series for All Operators

Operator-Specific Patterns
Throughout the entire laboratory program, most especially the REG class of

experiments, the need to retain complementary perspectives between global
results averaged across large pools of operators, and operator-specific results
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TABLE 4
REG Effect Sizes By Experiment

Experiment

OldREG
REMREG
ThouREG
All

No Trials
per Intention

~300,000
177,000
360,000
837,000

High

.035*

.005

.028*

.026*

Low

-.019
.001

-.020 *
-.016*

dHi-Lo

.054*

.004

.048*

.042*

Baseline

.007

.018

.016

.013

* Significant in direction of effort at p < .05

that reveal individual characteristics, has been evident. This complementarity
is equally important in these serial position studies. So far we have displayed
the global results of two groups of operators, and have extracted therefrom the
statistical characteristics of those representative groups. Next we turn to indi-
vidual operator data to assess the degree of variability embodied there that is
being subsumed in the global results. For this purpose, the individual operator
serial position patterns, per se, are difficult to interpret, given the large error
bars that unavoidably attend the relatively small sample sizes for each series
mean data point. However, the cumulative mean representations are much bet-
ter behaved and show clear similarities to the global results in the same format.
In fact, to good statistical generality, each of the individual operators is found
to contribute marginally but systematically to the global serial position pat-
terns, with few if any stark aberrations therefrom. In other words, as is the case
for overall effect sizes, the global serial position effects appear to be generic,
rather than accidental combinations of widely varying individual perfor-
mances. It thus seems reasonable to expect that similar global effects would be
displayed by totally different operator pools. (Cumulative effect size graphs
for each of the 21 prolific operators are assembled in Dunne, Dobyns, & Jahn
(1993), Appendix A.)

Protocol Dependence
As mentioned earlier, the local REG database is itself a composite of three

distinct eras of experimentation. While the basic tripolar protocol remained
constant throughout, three major variations were explored over the program's
eleven-year history, involving manipulation of certain secondary experimental
parameters, most notably run length and series size (Nelson & Dobyns, 1991).
The first era of investigation, termed OLDREG, consisted of 103 series, most
of which required 2500 trials per intention, although 18 of the earliest series
consisted of 5000 trials per intention, all generated in runs of 50 trials each.
The second era, termed REMREG, consisted of 59 series of 3000 trials per in-
tention, generated in runs of 1000 trials each. The third era, called
THOUREG, produced 360 series of 1000 trials per intention, which were gen-
erated in runs of 50, 100, or 1000 trials, depending on operator preference.



Series Position Effects in Random Event Generator Experiments 207

Figure 5: Effect Size By Experiment Order

Table 4 summarizes the composite effect sizes for each of these databases by
intention, and Figure 5 displays these in graphic form.

The progression of final scores across these three experiments could be con-
strued to display a pattern of initial achievement-decline-recovery somewhat
similar to the series position effects described earlier. The HI-LO difference
pattern has a curvature significant at p = .014, driven by a "High" curvature at
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TABLE 5
REG Remote Database Subsets

Indicating Sequence of Operator Series

Series No. No. of Operators (%)

1 27
2 21
3 19
4 16
5
6
7
8
9
10

10
9
8

+5 { 8
8
8

>10 J 7

(100%)
(78%)
(70%)
(59%)
(37%)
(33%)
(30%)
(30%)
(30%)
(30%)
(26%)

p = .033 and a "Low" at p = .100. In contrast, the baseline trend shows no evi-
dence of curvature (p = .922). Although identification of trend curvatures from
three-point data is risky, the possibility of "protocol-position effects" super-
imposed on the series position effects cannot be totally ruled out, either as a
confound on the latter, or as evidence of a self-similar character of the effect,
as Rhine had proposed (Rhine, 1969). Further illumination of this aspect might
also follow from searches for position effects at the levels of experimental runs
or even individual trials, but in its present architecture, our data management
system does not allow sufficiently convenient access to this level of data struc-
ture to make such assessments feasible.

Remote REG Database
Another large database was generated on this same device under a "remote"

protocol, where the operators were physically separated from the machine by
considerable distances, up to several thousand miles (Dunne & Jahn, 1992).
All of the remote operators had also served as local operators, and the remote
protocol followed the same tri-polar structure, but experientially it certainly
qualifies as a distinct experiment. For this reason, an independent examination
of the remote REG database by series order was also undertaken. A total of
184 remote series, totaling 396,000 trials per intention, were produced on the
diode device by 27 operators. All were generated in 1000-trial runs, initiated at
prearranged times by experimenters who were blind to the sequence of opera-
tors' intentions. As in the local database, the individual operator contributions
were somewhat unbalanced, with only ten operators producing five or more se-
ries. The series subsets by operator contribution are summarized in Table 5,
and the effect sizes for the various intentions presented in series order in Table
6 and Figure 6.

These remote REG data show effect sizes comparable to the local data, with
similar serial order trends, but only the high-low differences produce a margin-
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TABLE 6
REG Effect Sizes by Series Order

All Remote Data (184 Series, 27 Operators)

Subset

1st Series
2nd Series
3rd Series
4th Series
5th Series +
All Data

High

0.027
-0.001
0.009

-0.002
0.035
0.022 *

Low

-0.013
0.025
0.025

-0.016
-0.025
0.001

dHi-Lo

0.040
-0.026
-0.016
0.013
0.060
0.032 *

Baseline

0.004
0.041

-0.000
0.013
0.007
0.013

* Significant at p< .05

ally significant quadratic term (p = .048). Both the high and low efforts show
slight curvatures in the same directions as the local data (p = .139 and p = .105,
respectively), and the baselines show none at all (p - .730). It is perhaps note-
worthy that the recovery levels in the 5+ subset are actually somewhat larger
than the first series values, in some contrast to the local patterns where the re-
covery is less complete. The fact that the remote operators had had prior expe-
rience in the local protocol may possibly confound these results somewhat,
but their general consistency with the local values nevertheless reinforces both
bodies of evidence.

Summary
Like so much of the empirical data acquired in research on consciousness-

related anomalies, the persistent patterns of serial decline and recovery dis-
played in the REG databases, both local and remote, are too prominent to be
ignored, yet too enigmatic and complex to support any obvious simple inter-
pretation. Since no such patterns appear in any of the baseline data or machine
calibrations, it can be reasonably assumed that these trends reflect some char-
acteristic of the operators, rather than some artifact of machine performance,
and thus they could conceivably provide some insight into the psychological
dimension of these human/machine interactions. This laboratory has tradition-
ally eschewed any assessments of psychological or physiological characteris-
tics of its operators, for a number of reasons. This, along with the statistical na-
ture of the data and the lack of any systematic record of the operators'
subjective responses to the series order parameter thus precludes pursuit of
specific psychological correlates at this time. However, there is an extensive
literature on serial position effects associated with learning, memory, and
other psychological/cognitive processes, as well as repeated reference to this
phenomenon in parapsychological publications, some of which is summarized
in the following Appendix. The broad similarities of the patterns in our data to
those reported therein suggest that some fundamental attribute of the human
psyche may be involved in all of these.

One other intriguing, if highly speculative, analogy can be found in a totally
different sector, namely the ubiquitous patterns of damped periodic oscilla-
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Figure 6: Effect Size By Series In Remote Data

tions found in a host of mechanical and electromagnetic physical systems, in
numerous forms of free wave propagations, and in various biological func-
tions. All of these feature an initial maximum signal excursion, followed suc-
cessively by a reverse phase, a lesser recovery to the initial polarity, and even-
tual stabilization at some steady-state value. The well-known requisites for
such behavior are an initial impulse or perturbation, a restoring force, a natural
resonant frequency, and a dissipative component or damping agent. Further
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scrutiny of experiments such as those reported here might lead to identifica-
tion of psychological analogues of these physical variables, thereby enabling
progress toward a more quantitative science of the psyche and its role in the
physical world.
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Appendix
Serial Position Effects in the Psychological Literature

ANGELA THOMPSON

Many of the earliest accounts of serial position effects occur in published
works devoted to memory and learning (Crowder, 1976; Hunter, 1976). In the
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late 1800's, Ebbinghaus found that word lists were learned and remembered se-
rially, and that the position of the words in the list contributed to their level of
recall (Hunter, 1976):

As the person proceeds from one memorizing trial to the next, cer-
tain items in the list are learned more rapidly than others. The
items which are memorized soonest are those which occur at the
beginning of the list, and the items which are memorized slowest
are those in the middle. In other words, the readiness with which
any item is memorized depends not only on the item itself but also
on the position it occupies in the list as a whole: whether it comes
near the start of the list, or the middle, to the end. This is known as
the 'serial-position effect', (p. 135)

Crowder felt that seriality was one of the properties of thought itself, and
points out the orderliness of sequential thought as an explanation for the ef-
fect. Commenting on the work of Koriat and Fischhoff (1972), who thought
that serial effects had their origins in semantic memory, Crowder (1976) con-
cluded:

We have seen serial-position effects extending all the way from the
most transient measures of episodic memory to the most well-
learned knowledge people carry around with them. (p. 460)

He proposed two possible contributory effects to such tendencies: the pri-
macy and recency effects:

In just about any learning task in which the ordering of items is re-
quired, and in many where it is not, there is better performance at
the beginning and end of the series than elsewhere, with the hard-
est position occurring somewhere just beyond the middle. The ad-
vantage of the early items is called the primacy effect and the ad-
vantage of the last items is called the recency effect. (p. 445)

but then went on to admit that whether these primacy and recency effects are
linked by a single causative factor still needed to be determined:

. . . . the theoretical analysis of the serial-position effect in a state
of untidiness that is almost embarrassing in view of the extreme re-
liability and pervasiveness of the phenomenon, (p. 477)

More recent research has been conducted in spatial memory tasks of prever-
bal children (Cornell & Bergstrom, 1983) and adult human memory research
(Proctor & Healy, 1987; Ley & Long, 1988; Auday, Sullivan, & Cross, 1988;
Penney & Blackwood, 1989; Jahnke, Davis, & Bower, 1989; Wagner &
Pfautz, 1978; Kresner, Measom, & Forsman, 1984). These effects have even
been noted in non-human animal studies of spatial memory (Jahnke, Davis, &
Bower, 1989; Wagner & Pfautz, 1978; Kresner, Measom, & Forsman, 1984;
Santiago & Wright, 1984; Wright, Santiago, & Sands, 1984; Wright, 1985;
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Dale, 1987). Serial-position effects have also been employed as a means of in-
vestigating and improving learning skills in handicapped students (Glidden,
Pawlewski, Mar, & Zigman, 1979; Laufenberg & Scruggs, 1986), with deaf
students (Bonvillian, 1983; Krakow & Hanson, 1985), and with disabled read-
ers (Manis & Morrison, 1982). Declines in the production of serial-position ef-
fects have been noted in memory tasks performed by Alzheimer patients
(Pepin & Eslinger, 1989), in patients with brain damage caused by solvent in-
toxication (Laufenberg & Scruggs, 1986; Stollery & Flindt, 1988), and in pa-
tients with surgery to the right hippocampal region of the brain (Jones-Got-
man, 1986). Serial position effects have also been generally employed as a
clinical diagnostic test of memory function (Frith, 1984; Dinges & White-
house, 1985).

Burdick and Kelly noted a similar class of non-random occurrences in the
statistical distributions of scoring in parapsychological experiments, which
they termed linear and quadratic trends (Burdick & Kelly, 1977). The latter de-
scribe the tendency for scoring to be more extreme at the ends of the runs than
in the middle (terminal salience), leading to U-shaped or inverted-U-shaped
distributions or scoring. The authors recommended analysis of variance as an
effective tool to examine these types of trends in statistical data. They noted
that systematic cyclical or periodic trends may also merit attention, suggesting
that techniques of autocorrelation be used to extract any evidence of such peri-
odicity in the scoring.

Rhine and Humphrey, reporting retrospectively on data accumulated at the
Duke University Parapsychology Laboratory, discovered an unequal distribu-
tion of effects which followed a typical temporal pattern (Rhine & Humphrey,
1944). They described trends similar to quadratic and serial-position effects,
which they termed quarter-decline effects. In a later paper, Rhine noted some
of the characteristics of these position effects, defining them as patterns of hit
frequency that relate to the structure of the test, and noted that declines and U-
curves were patterns most frequently observed (Rhine, 1969). These seemed
more markedly demonstrated by adults than by children, and could be found
from the trial level up to the experimental level.

Rhine also observed that the stricter the experimental controls, the more
pronounced were the position effects, being most prevalent in experiments
where a) single subjects worked alone and were aware of their progress as they
recorded their own results, or b) two people worked together, alternating roles
as subject and recorder. Persistence of effort through long series seemed to em-
phasize the phenomenon, and close preoccupation with the record sheet to in-
tensify the effect. Position effects were found both in ESP and PK experi-
ments, and were thought to be related to the subject's reaction to the structure
of the test record. For example, spontaneity was suggested as one relevant fac-
tor. A subject's first run, where his or her expectations for an outcome would
be most ambiguous, might be most conducive to spontaneous performance.
However, as the experiment continued, associative factors would take on an
increasing role in modulating the subject's attitudes and expectancies through
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feedback. Arriving at the last trial could produce a liberating feeling, allowing
sufficient spontaneity to re-emerge to elude the pattern association carried
along to that point.

These observations from parapsychology research are consistent with find-
ings in studies of vigilance and attention reported in the cognitive science liter-
ature, where declines were found to relate to expectancy and subjective proba-
bility, signal probability, instruction, and feedback. Colquhoun and Baddeley
showed that expectancies established during a training session could signifi-
cantly influence the course of a vigilance task in terms of score decrement
(Colquhoun & Baddeley, 1964; Colquhoun & Baddeley, 1967). They found a
greater decrement in hits over time for observers trained with an inappropriate-
ly high signal rate than those trained with a signal appropriate to that actually
used in the task. Colquhoun suggested that a major part of the decrement ob-
served in many vigilance studies may be due to inappropriate expectancies de-
veloped in the pretask period (Colquhoun, 1975). However, as the subject
matched his expectancies with the task signal, recovery could take place.
Bevan and Turner examined shift expectancies and found that a shift from a
positive to a negative reinforcement, or in the converse, had a greater impact
on vigilance performance than continuous or negative reinforcement (Bevan
& Turner, 1965). (This point may have particular relevance to the REG experi-
ments described in the main body of this paper, where operators receive alter-
nating positive and negative reinforcement as the machine does its random
walk over the course of a run or series.)

Serial position effects have also attracted the attention of the skeptical com-
munity, with somewhat equivocal conclusions. For example, Girden and Gird-
en (1985) note:

In the more recent literature, declines are noted in some studies, somewhat
like a passing remark, rather than the result of a statistical test. In fact, more
often than not, especially with a random-number generator, it is noted that
there was no decline, which is usually attributed to the trial-by-trial feedback
of information. Apparently, no specific tests of declines have been recently
carried out, and it is possible that interest in the decline effect may further de-
crease and vanish. (p. 138)

Notwithstanding this speculation, it is our view, based on the results report-
ed in the body of this paper, that serial position effects will continue to provide
important indicators regarding the psychological aspects of anomalous
human/machine interactions, and should be carefully studied accordingly.
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ABSTRACT

Several million experimental trials investigating the ability of human operators to affect the output of
various random physical devices have demonstrated small but statistically significant shifts of the
distribution means that correlate with operator intention, exhibit repeatable idiosyncratic individual
variations, and display consistent patterns of gender dependence, series position development, and
internal distribution structure.  These effects also appear to be statistically independent of distance and
time.  In a complementary program of remote perception studies, experimental protocols and analytical
scoring methods have been developed to demonstrate and quantify information acquired by individuals
about distant geographical locations without the use of normal sensory channels.  A wave-mechanical
approach to modeling consciousness/environment interactions, based on a metaphorical application of
quantum concepts and formalisms, has proven useful in predicting and interpreting the empirical
findings and in guiding the development of more incisive experiments.



Philosophical and Historical Background

      The advancement of human knowledge, both individual and collective, devolves from the dynamic
interplay of two complementary processes of consciousness:  experience, and conceptualization.
Throughout life, consciousness accumulates experience, either incidentally or by design, and then
endeavors to represent, interpret, and apply it to prediction of, or accommodation to, future events.
Anomalies, i.e. incidents that contradict common experience or established belief, insert some
dissonance into this dynamic, challenging first the validity of those events and then, if verified, the
prevailing pattern of convictions, until some credible resolution can be achieved.  The scientific method
is just a particularly disciplined form of this instinctive human process.  Experiments performed under
rigorous controls provide empirical data on the phenomena of interest; theories, formed by a
combination of deductive and intuitive conceptualization, metaphorical representation, and
mathematical formalism, are composed to explicate or predict the empirical effects.  Anomalies,
encountered either as experimental observations that are inconsistent with prevailing theory, or as
theoretical predictions that conflict with established data, stand like road signs, signaling "wrong way"
to the scientific travelers, forcing design of more incisive experiments, or revision of extant models. 

      Most anomalous phenomena that confront scientific logic tend to have only local impact within
their particular disciplinary contexts, and to arise and be resolved relatively quickly compared to the
overall evolutionary paces of those fields.  In rarer instances, such as the anomalous celestial
observations that contradicted the prevailing geocentric models, or the array of atomic-scale physical
anomalies that precipitated the quantum revolution, their implications can extend much more broadly,
and efforts toward their resolution can become more widespread, protracted, and intense.  The one
genre of anomalous human experience that has dwarfed all others in endurance, ubiquity, implications,
and resistance to rational comprehension involves some of the most basic processes of consciousness
upon which its observational and deductive skills are based.  Throughout recorded history, anecdotal
instances of inexplicable consciousness-related anomalies have regularly been reported and variously
catalogued as "miracles", "magic", "intuition", "alchemical transmutations", "psychic phenomena", or
"gremlins", along with countless other categories of elusive experiences, but little coherence has ever
been established among them.  Yet, these incomprehensible events have had immense influence on
human culture, stimulating the development of religious doctrines, ethical conventions, and even
scientific methodology. 

      Virtually all of the ancient and medieval sciences were inseparable admixtures of rigorous analytical
thought and intuitive metaphysical inspirations, and the latter components did not entirely disappear
with the dawn of modern scientific methodology.  Francis Bacon, father of the scientific method,
proposed systematic investigation of telepathic dreams, psychic healing, transmission of spirits, and the
force of the imagination on the casting of dice (Walker, 1972).  Isaac Newton regarded the ultimate
mechanism of change in the universe to reside in "the mystery by which mind could control matter"
(Kubrin, 1981).  The establishment of the British Society for Psychical Research in 1882 attracted
participation by many eminent scholars, among them the likes of Henry Sidgwick, Frederic W. H.
Myers, Lord Raleigh, Sir. J. J. Thompson, Willi am McDougall, Edmund Gurney, Sir Willi am Crookes,
Sir Willi am Barrett, Henri Bergson, Arthur, Earl of Balfour, Gardner Murphy, G. N. M. Tyrell, Charles
Richet, Gilbert Murray, and Willi am James.  A comparable fascination with the role of consciousness in
the physical world runs through the philosophical writings of many of the patriarchs of quantum theory,
including Max Planck, Niels Bohr, Albert Einstein, Wolfgang Pauli, Werner Heisenberg, Erwin
Schrödinger, Louis de Broglie, Arthur Eddington, James Jeans, Eugene Wigner, and David Bohm,
among others (Jahn and Dunne, 1983b, 1987).  The relationship between mind and matter has also



pervaded the history of philosophy, anthropology, and psychology, and now evidences growing
implications for contemporary biology and medicine.  Not least of all, many of the tools of statistical
analysis, which undergird virtually all contemporary scientific endeavors, were originally developed to
facilitate investigation of psychic phenomena (Richet, 1884).

      Given this long academic heritage, it is not totally surprising that study of consciousness-related
anomalies is now emerging in various aspects of modern engineering.  As contemporary information,
energy, and materials technologies press toward ever more sensitive components and intensely
interactive systems, it becomes necessary to protect against a broad array of extremely subtle external
influences and internal interferences.  Under such circumstances, indications that human consciousness
may be capable of more than passive interaction with delicate information processing tools raise serious
questions about the potential vulnerability of much modern instrumentation, control, and operational
equipment to inadvertent or intentional disturbances associated with the consciousness of their human
operators.  From a more positive perspective, those same possibilities may also offer exciting
opportunities for more responsive and creative human/machine technologies.

PEAR Laboratory

      In an effort to address these concerns and opportunities, the Princeton Engineering Anomalies
Research (PEAR) laboratory was established in 1979 under the direction of the Dean of the
University's School of Engineering and Applied Science (RGJ) and the laboratory manager (BJD).  The
overarching premise of this program has been that the same ultra-precise technologies that might be
impacted by such consciousness-related effects might also offer effective means to study them
rigorously and systematically.  In particular, the capacities of modern microelectronics to operate at
very sensitive signal levels and to provide very rapid data acquisition, processing, and display, may
permit experimental access to extremely delicate domains of interaction where such subtleties of the
human/machine relationship may be explored with sufficient precision and statistical replicability to
verify the effects scientifically, and to explore their correlations with salient physical and psychological
parameters.

      The program comprises three distinct but interrelated components.  The most substantial of these is
a body of experiments in human/machine interactions in which the outputs of a variety of well-
calibrated random physical devices are examined for evidence of influence of their operators' intentions
(Dunne and Jahn, 1992, 1993; Dunne, Nelson and Jahn, 1988; Jahn and Dunne, 1987; Jahn, Dunne and
Nelson, 1987; Nelson, Bradish, Jahn and Dunne, 1994; Nelson and Dobyns, 1991).  A second domain
of investigation addresses the development of analytical techniques to assist in the quantification and
correlation of data acquired in remote perception experiments, wherein individuals attempt to obtain
information about remote geographical locations by anomalous means (Dobyns, Dunne, Jahn and
Nelson, 1992; Dunne, Dobyns, and Intner, 1989; Dunne, Jahn and Nelson, 1983; Jahn and Dunne,
1987; Jahn, Dunne and Jahn, 1980; Jahn, Dunne and Nelson, 1987).  The third portion of the PEAR
agenda attempts to develop theoretical models capable of accommodating the empirical anomalies
within an expanded scientific framework (Jahn, 1982; Jahn and Dunne, 1987; Jahn, Dunne, and
Nelson, 1987).  All of these programs have been described in detail in the extensive series of archival
publications and technical reports referenced.  Here we attempt to provide only a brief overview of the
results of seventeen years of such study in this laboratory.

      Despite its engineering context and perspective, the broader implications of this work for the basic
scientific paradigm, for the fundamental philosophical question of mind/matter interaction, and for the



individual and collective cultural dynamic have been continually acknowledged and to some extent
developed.  These more comprehensive purposes have been enabled by the interdisciplinary character
of the PEAR staff, which includes individuals with a variety of academic perspectives including
psychology, physics, and the humanities, as well as electrical, mechanical, and aerospace engineering. It
has also benefitted from its residence within a liberal university, and from its association with a number
of broadly based scholarly organizations. 

Human/Machine Anomalies

      Given the subtle nature of the phenomena under study and the myriad of environmental, physical,
and psychological factors that may bear on their incidence, the technical difficulties of rigorously
addressing anomalous human/machine interfaces under controlled laboratory conditions are formidable.
 The strategy we have employed is similar to that utilized in many modern physics experiments, where
very subtle processes are observed only via the traces they leave on some well-understood background
field.  In our case, a variety of random physical devices have been carefully designed, constructed, and
instrumented, and then extensively calibrated to establish their nominal performance.  Each of these is
capable of rapid generation of very large bodies of data with clearly defined statistical characteristics
that can be transcribed into both on-line quantitative recordings and attractive analogue and digital
feedback displays.  The experimental protocols then require human operators to generate data in three
interspersed sequences, under pre-recorded intentions to shift the means of the output distributions to
higher values, to lower values, or to generate undisturbed baselines, with all other conditions held
constant.  Thus, the primary variable in these experiments is operator intention, and effects are claimed
only when statistically significant correlations between those intentions and changes in the output
distributions are replicably observed. 

      Consistent with our technical orientation, we have emphasized the generation of large databases by
a relatively small number of individuals.  The approximately 140 operators who have participated in
these experiments have all been anonymous, uncompensated volunteers, none of whom claims any
exceptional abilities in this regard; in fact, many have been self-proclaimed skeptics.  While this
approach has largely precluded any systematic study of the psychological or physiological factors
associated with the human operators, it has provided databases comprising several million experimental
trials that have permitted comprehensive and reliable statistical assessment of a broad range of physical
variables.  The statistical methods employed have been primarily of the classical parametric variety,
although some Bayesian methods have also been utilized, and some ad hoc special methods developed
(Dobyns, 1992; Nelson, 1994).

      For brevity, this paper will draw primarily from the extensive results of just one of the many PEAR
experiments, that involving a particular microelectronic random event generator (REG) described in
detail in the references (Dunne and Jahn, 1993; Jahn, 1982, 1985; Jahn and Dunne, 1986, 1987; Jahn,
Dunne, and Nelson, 1987; Nelson, Bradish, and Dobyns, 1989; Nelson and Dobyns, 1991; Nelson,
Dunne, and Jahn, 1984).  This REG utilizes as its source a commercial electronic noise diode whose
output is rendered by appropriate circuitry into a string of randomly alternating binary pulses.  A typical
experimental trial  consists of 200 of these pulses, produced at the rate of 1000 per second, and
displayed to the operator as the number conforming to a regularly alternating +,-,+,-,... sequence,
where the theoretical expectation for the mean of any given trial is 100 with a standard deviation of
7.07.  (In essence, the process is akin to flipping 200 coins very rapidly, and counting the number that
conform to an alternating sequence of heads and tails.)  An alternative graphic feedback mode displays
a growing cumulative deviation of trial counts from the theoretical expectation over the course of a



run, defined as a sequence of 50, 100, or 1000 trials.  A given run is usually produced automatically by
a single button push, although a manual option is also available.  A full series, which is the basic
statistical unit for analysis of these experiments, consists of a pre-determined number of trials produced
under the three intentions to generate high numbers, low numbers, or undisturbed baselines.  Over the
evolution of this experiment, various series lengths have been explored, ranging from 1000 to 5000
trials per intention.

      Clearly, the first question to be addressed is whether any evidence can indeed be found that human
intention can actually affect the output of such a device.  The initial results of one operator's efforts,
consisting of 5000 trials (1 million samples) generated under each of these three intentions, are
displayed in Figure 1 in the form of cumulative deviation graphs that serially compound the
accumulated excess or deficiency of binary counts compared to the theoretical expectation.  In this
format, all three traces display the appropriate stochastic meandering to be expected from such a
random process.  However, while the baseline trace remains close to the theoretical expectation
indicated by the solid central line, the high- and low-intention data accumulate small but systematic
deviations from chance as the data compound, eventually exceeding the 5% statistical tail probability,
indicated by the dashed parabolas, to achieve a composite effect unlikely by chance at p = 3x10-7 (Jahn
and Dunne, 1987; Jahn, Dunne, and Nelson, 1987).

This initial result raises a hierarchy of questions that have essentially defined the PEAR REG
experimental program throughout, such as:

          a)  With what consistency can this operator repeat the accomplishment?

          b)  Can other operators achieve comparable results?

          c)  To what degree do the results depend on various secondary parameters of the protocol?

          d)  Are other structural details of the data observable and instructive?

          e)  Is there any evidence indicating learning or decline effects? 

          f)  To what degree are the results dependent on the physical characteristics of the machine?

g)  To what degree do the results depend on the proximity of the operator to the machine, or
the time of its operation?

          h)  How do the combined efforts of more than one operator reinforce or reduce the effect?

          i)  Are any gender-related disparities evident?

j)  Can any productive operator strategies be identified?
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k)  Can similar anomalies arise in group applications?
The responses of the experimental results to such queries range from definitive to equivocal:

a) Consistency
      Figure 2 summarizes the results of all the data generated on this device by the same operator as
reported in Figure 1 over a period of approximately twelve years, comprising 62 independent
replications in the form of individual experimental series, and amounting to over 120,000 trials (24
million samples) per intention.  Within the intrinsic statistical noise, these overall results indicate a
modest but persistent achievement that is well beyond any reasonable chance expectation.  Despite
variations of many secondary protocol parameters, such as run length, mode of assignment of intention,
manual versus automatic trial generation, or sampling rate, as well as the inevitable range of
psychological moods and environmental conditions subsumed over so long a period, the intentional
efforts display clear secular trends in the desired directions, while the baseline remains close to the
theoretical expectation.  The overall mean shifts are quite small: +0.095 in the high efforts and -0.666
in the low, but the replicability of these effects compound to highly unlikely chance probabilities of p =
2x10-6 for the high efforts, 5x10-4 in the low, and 10-8 for the composite effect in the direction of effort.
 Of the 62 series, 45 (73%) produce high-low splits in the direction of effort, ten (16%) of which
exceed the p = .05 probability criterion.  The baselines, in contrast, seem almost too well behaved, with
an overall mean of 99.994 (p = .244) and none of the series means exceeding the 5% chance
expectation, although some six or seven of them would be expected to do so by chance (Dunne and
Jahn, 1993).

b) Other operators
      Over this same twelve-year period, 91 different operators generated a total of 522 series,
comprising nearly 2.5 million trials, following the same basic protocol.  While none of these have
contributed databases as large as that of the operator represented in Figures 1 and 2, several have
produced larger absolute effect sizes (mean shifts).  Many others have demonstrated similar but lesser
correlations.  A few operators have produced results opposite to intention, and others show results
statistically indistinguishable from chance.  A large number of operators demonstrate better
performance in one intention than in the other (usually in the high direction), and a few produce
significantly distorted baselines.  In several cases, individuals who show no strong overall correlations
with intention are nonetheless found to respond in repeatable, individually characteristic fashions to
deliberate variations in the secondary parameters of the experimental protocol (Nelson, Dunne, and
Jahn, 1984; Dunne, Nelson, and Dobyns, 1988; Nelson and Dobyns, 1991).  The internal replicability
of several of the larger individual databases has led to the concept of operator "signatures" on this and
similar experiments.
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c) Secondary parameters
      A comprehensive regression-based analysis of variance applied to the entire REG database
confirms that the primary variable of operator intention is highly significant (p=5x10-4), but reveals no
significant overall correlation with any of the other parameters explored (Nelson and Dobyns, 1991).
The absolute effect sizes produced by all 91 operators are found to distribute normally, but with a
displaced mean, with a majority of the participants contributing to the total effect (Dunne, Nelson, and
Dobyns, 1988; Dunne and Jahn, 1993; Jahn, 1995).  Despite all the variabilities among individual
operators' performance, their combined results, presented in Figure 3, compound to a persuasive
overall effect.

d) Statistical details
      The huge databases produced in the course of this and other PEAR experiments allow examination
of longitudinal trends and internal data structures for other indications of consistent or repeatable
patterns which may offer insights into the underlying physical nature of these consciousness-related
anomalies.  One such pattern emerges in the structure of the individual trial count populations that
comprise the output distributions.  In all cases where significant overall effects have been
demonstrated, the proportional changes in the counts from their chance expectations are found to scale
linearly with the difference between the count value and the theoretical mean.  In the high-intention
successes, a majority of the counts over 100 show clear excesses, while the lower numbered counts
display similarly consistent deficits; in the low-intention successes, the reverse pattern prevails.  As
shown in Figure 4, these trends can be fit by significant first order linear regressions (Z1), with little
higher order distortion (Z2), suggesting that the basic effects are analytically tantamount to small
changes in the elemental binary probabilities underlying otherwise random distributions (Jahn, Dobyns,
and Dunne, 1991).  In cases where there is no effect, the count populations show no such regular
patterns, but display random arrays of count excesses and deficits.

e) Series position effects
      Another informative indicator is the relative yields in sequential series produced by operators who
generated five or more independent replications.  Statistically significant tendencies are observed for
operators to produce better scores over their first series, then to fall off in performance in their second
and third series, and then to recover to some intermediate levels during their fourth, fifth, and
subsequent series.  No such trends appear in the calibration data, or in the baseline experimental data
where the operator exerts no directional intention (Dunne et al, 1994).  These series position patterns
thus appear to be primarily psychological in origin, and may subsume the rudimentary "decline effects"
frequently reported in the parapsychological literature.  The apparent stabilization of effects following
this early series transient period also suggests that their generation are not subject to the traditional
learning curves observed in most cognitive processes.
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f) Device dependence
     Although the phenomenon is clearly operator-dependent, it appears to be much less device-
dependent.  The REG noise source has been replaced with similar and different microelectronic units,
with little effect on the character of the results.  A hard-wired pseudorandom source also yielded
significant correlations with operator intention, although results produced using a computer-generated
pseudorandom algorithm have proven more ambiguous (Nelson and Dobyns, 1991).  Even a large-
scale random mechanical cascade apparatus and a large linear pendulum display marginal but
statistically significant operator-specific correlations with pre-stated intentions, of similar scale and
character to those seen in the microelectronic REG (Dunne, Nelson, and Jahn, 1988; Nelson et al,
1994).  Despite the fundamentally different random noise sources involved, individual operator results
often show remarkably similar and enduring patterns of achievement across these experiments, along
with similar count population and series position behaviors (Jahn, Dobyns, and Dunne, 1991; Dunne et
al, 1994).

g) Distance and time dependence
     The dependence of such anomalous effects on the physical distance of the operator from the
machine could be an important indicator of fundamental mechanism.  In fact, no such dependence has
been found over the dimensions available in the laboratory itself.  More remarkably, these
operator/machine aberrations continue to manifest in a substantial body of REG experiments wherein
operators are physically separated from the devices by distances of up to several thousand miles.  The
results of some 396,000 trials per intention conducted under this "remote" protocol (Figure 5), wherein
the device is run at prearranged times by staff members who remain blind to the operators' intentions,
are very similar to those of the local experiments, including the scale of effect, the majority preference
for the high-going intention rather than the low, and the statistically repeatable operator-specific
patterns of achievement.  Over these global distances, no statistically functional dependence on the
degree of separation has been found (Nelson and Dobyns, 1991; Dunne and Jahn, 1992).

     Even more provocative is a subset of this remote REG database, comprising some 87,000 trials per
intention, in which the operators were actively addressing their intentions to the machine's operation at
times other than those at which the data were actually generated.  Such "off-time" experiments have
ranged from 73 hours before to 336 hours after machine operation, and display a similar scale and
character of anomalous results to that of the locally generated data, including series position effects and
count population distortions.  In fact, as can be seen in Figure 6, the overall effect size in the high-
intention efforts in these "off-time" remote experiments is twice as large as that in the "on-time" remote
data, although this difference is not statistically significant due to the smaller size of the off-time
database (Dunne and Jahn, 1992).  As with the distance separations, no dependence of the yield on the
magnitude of the temporal separations is observed.  Comparable remote and off-time results have also
been demonstrated on the random mechanical cascade and the pendulum experiments (Dunne, Nelson,
and Jahn, 1988; Nelson et al, 1994).



85 90 95 100 105 110 115

-0.02

0.0

0.02

n/
n

∆

HighZ1 =  3.449
Z2 = -0.427

85 90 95 100 105 110 115

-0.02

0.0

0.02

Count Number

n/
n

∆

LowZ1 = -1.369
Z2 = -0.041

Figure 4:  REG Proportional Count Deviations, All Local Data



h)  Co-operator effects
      Given the individuality of the operator effects, logical questions arise about combinations of
operators.  In another ongoing experiment, the combined efforts of two operators, each of whom has
previously established an individual pattern of achievement, are being studied for evidence of
superposition or reinforcement of the individual effects.  While this database is so far much less
extensive than that of the single operators, some general characteristics can already be identified.  For
example, it appears that anomalous co-operator results occur with similar frequency to those of the
individual efforts, but in replicable patterns unique to the particular operator pair, rather than in any
simple combinations of the individual achievement patterns.  The overall results of some 85,500 trials
per intention generated by 15 co-operator pairs under this protocol are statistically indistinguishable
from those of the single operators, although the effect sizes are actually slightly larger.

Of considerably more interest, however, is a significant correlation with the combinations of operator
gender.  Namely, the results produced by eight same-sex pairs are opposite to intention in both
directions of effort, while those of seven opposite-sex pairs are significantly positive in both directions
of effort, with an average effect size nearly four times larger than that of the single operators.  Four
opposite-sex "bonded" couples produced even more striking results, with an average effect size twice
that of the unbonded opposite-sex pairs, and nearly six times that of the same eight individuals
operating alone (Figure 7).  In addition to this unanticipated correlation with gender, the opposite sex
co-operator data also display better symmetry in the scales of the high and low-going efforts, compared
to the asymmetrical results typical of the single operator databases (Dunne, 1991).

i) Male/female disparities
      These gender-specific cooperator results prompted a comprehensive re-evaluation of all single
operator data to assess the relative individual performances of the male and female operators. Although
the composite REG database of the 41 female operators shows a stronger overall yield than that of the
50 males, this was found to be primarily attributable to the contributions of three highly successful
female operators.  On an operator by operator basis, however, only 34% of the females succeeded in
separating the high and low efforts in the desired direction, compared with 66% of the males, a highly
significant difference, with a probability against chance of 7x10-4.  The females also display a tendency
to produce high-going baselines, with 68% of them generating means greater than the theoretical
expectation, compared with only 52% of the male operators.  On average, the females produced larger
databases with larger effect sizes than the males, but their data are much less symmetrical and
considerably less correlated with their stated intentions.  Similar gender distinctions are observed in the
remote REG data, as well as in the local and remote data produced on the random mechanical cascade
and pendulum devices.  Thus, it would appear that the bulk of the high-low asymmetry observed in the
composite databases is gender driven (Dunne, 1995).
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j) Operator strategy
      Although we have not undertaken systematic assessment of any of the multitude of potentially
relevant psychological parameters characterizing the operators who have generated these effects, on
the basis of informal discussions, casual observations of their styles, occasional remarks they record in
the experimental logbooks, and our own experiences as operators, it is clear that individual strategies
vary widely.  Some operators invoke meditation or visualization techniques or attempt to identify with
the device or process in some transpersonal context;  others deploy more assertive or competitive
strategies.  Some concentrate intently on the process;  others are more passive, maintaining only diffuse
attention to the machine and diverting their immediate focus to some other activity, such as glancing
through a magazine, or even dozing.  We find little pattern of correlation of such strategies with
achievement.  Rather, it appears that the operational styles are also operator-specific, and often
transitory; what works well for one does not necessarily help another, and what works on one occasion
may fail on the next.  If there is any commonality to be found in this diversity of strategy, it would be
that most effective operators tend to speak of the devices in frankly anthropomorphic terms, and to
associate successful performance with the establishment of some form of bond or resonance with the
device, or with some self-sacrificial immersion in the machine operation.

k) Group applications
      The co-operator effects suggest further extension of the REG experiments into larger group
environments such as professional symposia, business meetings, ritual assemblies, or sporting events.
For this purpose, a portable random event generator with software to index and record continuous
sequences of data in field situations have been deployed in several venues, each of which subdivides
naturally into temporal units, such as sessions, presentations, or days.  Statistical assessment of
examples drawn from ten applications, appropriately corrected for multiple analysis, shows a number of
individually significant segments whose collective probability against chance occurrence is 2x10-4.
Interpretation of these "FieldREG" findings remains speculative at this point, but logbook notes and
anecdotal reports from participants suggest that high degrees of attention, intellectual cohesiveness,
shared emotion, or other coherent qualities of the groups tend to correlate with statistically unusual
deviations from theoretical expectation in the data sequences.  Of perhaps even greater import is the
feature that in virtually all of these deployments the participants were addressing no conscious attention
to the REG unit, and in many cases were unaware of its existence.  This clearly raises questions about
the role of deliberate intention in such interactions, and may implicate more fundamental aspects of
consciousness than heretofore considered (Nelson et al, 1995).

      Taken in ensemble, these myriad results of the human/machine experiments and analyses clearly
testify to a subtle but proactive role for consciousness in the behavior of random physical systems.
Although the absolute size of the effects is very small -- equivalent to the correlated inversion of a few
bits per ten thousand in the random strings -- the associated shifts of the distribution means for
databases of this size are not only well beyond chance expectation, they are also well beyond the
tolerance of many modern engineering control and information management systems.  Not least of all,
they are also considerably larger than many of the established effects that form the basis of modern
physical theories.   
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Remote Perception Experiments

      The second major component of the PEAR program addresses a phenomenon termed remote
perception.  In this class of experiment, the "target" is not a physical device or process in a laboratory
environment, but a physical scene at some remote geographical location; the goal of the human
participant is not to insert information into the target, but to extract information from it, by anomalous
means.  Two participants are involved in the basic protocol.  One, the "agent," is physically present at
the randomly selected target location and is immersed cognitively and emotionally in the scene.  The
agent's impressions are recorded photographically and in a verbal narrative that is subsequently
rendered onto a standard check sheet.  The other participant, the "percipient," located many miles from
the scene and with no prior knowledge of it, attempts to perceive aspects of its ambiance and detail,
and then records those impressions in a free-response narrative or sketch, and on the same standard
check form. The agent and percipient check sheets are subsequently digitized, and their degree of
consonance scored numerically by a variety of algorithms.  The results, indicative of the amount of
anomalous information acquisition, can then be arrayed in quantitative statistical formats similar to
those used in the human/machine experiments. 

      Although we have collected data from several hundred such remote perception trials, the primary
focus of our efforts has been the development of incisive analytical techniques to quantify the
anomalous information acquired in these experiments and to guide the design of more effective
experimental protocols.  All of the methods employed ultimately yield distributions of perception
scores that can be compared with empirical chance distributions for the same scoring recipes.  As
sketched in Figure 8, both score distributions correspond closely enough to Gaussian forms to allow
parametric statistical evaluation of the mean shifts and higher moments, much as in the human/machine
experiments.  Despite the smaller size of the remote perception database, the statistical significance of
the mean shifts of the score distributions are considerable greater than for the human/machine
experiments, with probabilities against chance ranging from 10-6 to 10-12, depending on the particular
data subset and scoring method employed (Jahn, Dunne, and Jahn, 1980; Dunne, Jahn, and Nelson,
1983; Jahn and Dunne, 1987; Jahn, Dunne, and Nelson, 1987; Dunne, Dobyns, and Intner, 1989).

      The remote perception data do not appear to display the same gender-related biases as the
human/machine experiments; if anything, the female percipients achieve slightly better scores on
average than the males, although the differences are statistically minute.  However, the structural
details of these remote perception results are qualitatively quite similar to those of the human/machine
data, and the effect sizes are again statistically independent of the distance between the percipient and
the target, up to ranges of several thousand miles.  They are also independent of the time interval
between the perception effort and the agent's immersion in the target, up to several days before or
after.  The score frequency distributions again display significant linear trends, suggestive of a slight but
uniform improvement in the statistical likelihood of the percipients' proper identification of each of the
target descriptors beyond their normal chance occurrence (Jahn, Dobyns, and Dunne, 1991).  Such
similarities in the results of the superficially dissimilar human/machine and remote perception
experiments suggest that both draw from some common underlying mechanism rooted in the essence
of information exchange between consciousness and its physical environment.    



Theoretical Modeling

      Any attempt to set forth a theoretical model to complement such experimental data in a traditional
scientific dialogue is an awesome epistemological task.  Not only are the empirical effects keenly
anomalous in the present scientific framework, but in their demonstrably participant-specific
characteristics they clearly involve important subjective parameters not readily accommodated by
scientific language, let alone by scientific formalism.  Beyond this, the results are inescapably hyper-
statistical, i.e., they involve a folding of the personal and collective statistical variations in participants'
anomalous and normal performances with the statistical behavior of the physical systems.  By way of
further complication, the series position sensitivity of the results, along with the lack of superposability
of individual operator effects demonstrated in the co-operator experiments and FieldREG applications,
imply strong non-linearities in the underlying mechanisms.  And finally, the demonstrated lack of
dependence of the phenomena on distance and time must strain any model rooted in classical physical
theory.  Our problem is to capture the essence of this spectrum of anomalous characteristics in some
generically applicable model.

Before attempting this, it might behoove us to reflect a bit on the evolution of scientific
conceptualization of physical experience.  Most early science, from the Egyptians and Greeks through
the Renaissance and Enlightenment, tended to focus on the behavior of tangible substance, its gross
mechanics, chemistry, and physical properties.  Midway through the 19th Century and well into the
20th, the concept of energy, of many forms -- mechanical, electrical, thermal, chemical, nuclear, etc. --
became more central to scientific and technological endeavor.  Most recently, over the past few
decades, a third physical currency, information, has taken center stage and clearly will dominate basic
science and its applications over the foreseeable future.  Superficially, these three physical domains of
substance, energy, and information might seem to be quite distinct, but in point of fact, they are
demonstrably fungible, with immense consequences.  Einstein's identification of the transmutability of
matter and energy in the nuclear realm has impelled much of 20th century physics, and the
technological, political, and sociological implications thereof can hardly be overstated.  Less well
celebrated at present, but also clearly demonstrable, is a similar transmutability of energy into
information, and vice versa, as manifested in chemical bonding, statistical thermodynamics, and basic
information theory.  Although this equivalence is somewhat more subtle, it well may drive much of
21st century science and many arenas of its application.
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      This entry of science and technology into the kingdom of information brings with it two intriguing
problems, neither of which have been fairly acknowledged, let alone addressed.  First, there is the self-
evident distinction between objective and subjective information.  The former, the hard currency of
information processing devices of all kinds, is thoroughly and uniquely quantifiable.  For example, the
objective information contained in any given book could in principle be quantified by digitizing each of
its letters and every aspect of its syntactical structure.  But the magnitude of subjective information the
book presents clearly depends on the native language, previous knowledge, cultural heritage, and the
values, priorities, and prevailing mood of its reader, and thus would seem to defy quantization.
Similarly, while we might attempt to digitize the information displayed by a brilliant sunset or a
magnificent waterfall in terms of its distributions of optical frequencies and amplitudes, in so doing we
would totally fail to specify the beauty of the scene or its emotional impact.  In a certain sense, we
might say that consciousness acquires information in subjective form; science attempts to objectify and
quantize that subjective experience.

      The second complication to the coming science of information resides in the proactive capacities of
human consciousness not only to acquire information, but also to create it, for example via traditional
artistic and scholarly accomplishment, and via the "anomalous" processes that underlie the
experimental results sketched above.  When we shift from being "onlookers" to "actors" in the great
drama of information, to paraphrase Niels Bohr (1961), we change the name of the game immensely.
Instead of simply acquiring and utilizing information, we are now generating it, and with that capability
comes all manner of opportunity, and a much deeper level of responsibility. 

      From all of this it follows that any model we erect to represent our experimental anomalies must
somehow incorporate this proactive consciousness with both its objective and subjective capabilities,
along with the informational characteristics of the physical world with which it is interacting.  The only
hope is to approach the modeling task at a very basic and rudimentary level.  As a start, we might recall
the four salient ingredients that pervade all of the research outlined above:

1)   A random physical system, e.g. a machine driven by some random physical process, or an array
of physical details embodied in a random geographical target;

2)  Human consciousness, embodied in operators, percipients, and agents, acting under some
intention, volition, or desire;

3)  Information, coded in binary form, being added to, or extracted from, the random physical
system;

4)  A resonance, or bond, or sharing of identity between operator and machine, percipient and
agent, percipient and target, or two operators, that seems to facilitate the information transfer
between the consciousness and the random system.

      To encompass these, our particular strategy has been to appropriate the one form of existing
physical theory that specifically acknowledges human observation, albeit obliquely, namely the so-
called "Copenhagen" interpretation of quantum mechanics, and to stretch its concepts and formalisms
to include consciousness much more broadly and explicitly.  We thereby attempt to extend what has
been termed the "physics of observation" into a "physics of experience."  In somewhat more detail, our
model is based upon three fundamental premises that might be termed  1) the geometry of reality;  2)



the wave/particle duality of consciousness; and  3) the quantum mechanics of experience.  The first of
these suggests, in contrast to the prevailing view of an objective physical world progressing
independently  of the consciousness of the observer, that reality is constituted only by the mutual
interpenetration of consciousness with its environment, and that it is inappropriate and unproductive to
attempt representation of either in isolation.  This interpenetration entails, indeed manifests itself as, a
flow of information in both directions.  That is, consciousness may insert information into its
environment as well as extract information from it.  It thus follows that any physical theory can only
aspire to represent and predict the experiences of consciousness, as well as those of the environment, in
the interactions of one with the other.  In this view, such common physical concepts as mass,
momentum, and energy; electric charge and magnetic field; frequency and wavelength; the quantum
and the wave function; and even distance and time, become no more than useful information-
organizing categories developed by human consciousness, and adopted by consensus, to help it
correlate its experiences.  As such, these concepts must reflect the characteristics of consciousness at
least as much as those of any abstract physical environment.  Conversely, it follows that some array of
impressionistic descriptors of subjective experience must, in some form, be requisite ingredients of any
truly general theory of reality, including physical reality.

      We should perhaps define our use of the terms "consciousness" and "environment" in this context.
The former is intended to subsume all categories of subjective experience, including perception,
cognition, intuition, instinct, and emotion, at all levels, including those commonly termed "conscious",
"subconscious", "superconscious", or "unconscious", without presumption of any specific
psychological or physiological mechanisms.  The latter includes all properties, circumstances, and
influences that the consciousness perceives to be objectively separate from itself including, as
appropriate, its physical habitat, as well as all intangible psychological, social, and historical influences
that impinge upon it.  In this sense, the interpenetration of consciousness and environment corresponds
to the "I/Not I" dialogue of classical philosophy, and is necessarily a subjective and situation-specific
process.  For example, for some purposes, particularly including those involving personal health, the
human physiological corpus might be regarded as an important component of the "environment" in
which the consciousness functions.  It is also important to recognize that this model regards the
distinction between the subjective and the objective dimensions of experience as itself a construction of
consciousness, deployed as a "bookkeeping" strategy to aid it in organizing the bombardment of
sensory stimuli impinging upon it from what William James poetically termed "the aboriginal, sensible,
muchness" (James, 1911).

      Within this participatory paradigm, it is then possible to adapt, via metaphor, any physical
formalism, or indeed any other existing informational schema, to represent the dynamics of the
consciousness/environment dialogue.  The formalisms of quantum mechanics, because of the extent to
which they intrinsically acknowledge the participation of consciousness in the establishment of physical
reality, and in view of their own array of "anomalous" predictions at variance with classical expectation,
are a particularly useful genre of such potential metaphors.  As just one example, we might invoke the
quantum mechanical paradox of "wave/particle duality", which actually traces back to the philosophical
debates of the earliest Greek scholars and even today finds only tentative resolution in the
uncomfortable concession that under certain circumstances light and matter may behave like discrete
particles, and under others, like waves.  Within the postulates of the model, our interpretation of this
irreducible complementarity is that it is not the physical world per se that imposes such dichotomy;
rather, it is the sensing consciousness, or yet more precisely, it is an essential characteristic of the
process of interpenetration of consciousness and its physical environment.

      If this concept is valid, then it is also consistent to attribute to consciousness itself the option of
wave-like as well as particulate character.  In other words, the consciousness that has conceived both



particles and waves, and found it necessary to alternate them in some complementary fashion for
representation of its physical environment, may find a similar complementarity useful in representing
itself.  The prevailing conceptualization of consciousness, particularly in contemporary Western
culture, is basically "particulate" in nature.  That is, consciousness is usually regarded as well localized
in physical space and time and capable of "collisional" interactions with only a few aspects of its
environment and with a few other similarly localized consciousnesses at any point in its experience. But
if consciousness were to allow itself the same wave/particle duality that it has already conceded to
numerous physical processes, it would have at its disposal a host of wave mechanical capacities, such
as remote influence, interference, diffraction, barrier penetration, and resonance, that could
accommodate anomalies like those encountered in the experiments described above, as well as many
other dimensions of human experience that currently fall outside the scientific purview.  More
specifically, just as the information and energy carried by physical wave processes may be widely
diffused over broad regions of space and time, rather than sharply localized in well-defined geometrical
regions, so may our "consciousness waves".  Unlike particulate phenomena, intersecting waves may
pass through one another with no permanent distortion, yet during that intersection complex
superposition or interference patterns may be formed.  The ability of waves reaching an interface or
discontinuity in the surrounding medium to reflect some portion of their amplitude and transmit another
portion, also differs sharply from the behavior of their particulate counterparts, as does the
phenomenon of so-called "evanescent" waves whose influence can penetrate for some distance into
regions inaccessible to discrete particles.  And perhaps most importantly, wave systems may establish
resonances with one another, and with their environmental confines, that manifest as tangible standing
oscillations.  All of these capabilities transpose nicely into representations of anomalous consciousness
effects.

      Lest this metaphorical adaptation of physical formalism appear unreasonably extreme, it should be
recalled that quantum wave mechanics itself has borrowed generously from the concepts of classical
physics to describe metaphorically the phenomena of the microphysical world, most notably in its
atomic and molecular "orbital" theories and its treatments of atomic "collisions".  The Copenhagen
interpretation of Bohr and his colleagues attributes the amplitude of atomic "matter waves" to be
indicative of the probability of observing a particular particle, in a particular state, at a particular
position and time, when an appropriate experiment to measure these properties is actually
implemented.  Hence, this wave mechanics of matter does not describe physical behavior-in-itself; it
only describes the observation of physical behavior.  From this, it is not so large a reach to generalize
the concept of "observation" to encompass the full spectrum of the information processing capacities of
consciousness, and instead of speaking of "probability-of-observation" waves, to postulate "probability-
of-experience" waves. 

      This broadening of perspective is actually quite consistent with the position taken by many of the
patriarchs of quantum mechanics themselves.  In the words of Werner Heisenberg, for example:

"... in the Copenhagen interpretation of quantum theory we can indeed proceed
without mentioning ourselves as individuals, but we cannot disregard the fact
that natural science is formed by man.  Natural science does not simply describe
and explain nature; it is a part of the interplay between nature and ourselves; it
describes nature as exposed to our method of questioning.  This was a
possibility Descartes could not have thought, but it makes the sharp separation
between the world and the I impossible."
(Heisenberg, 1976)

      Beyond the various departures from classical particle behavior implicit in its wave-mechanical



approach, quantum physics imposes a number of other empirical postulates that can also be
appropriated as useful metaphors for representing the information acquisition, delivery, and processing
capabilities of consciousness.  These include the principles of correspondence, exclusion,
indistinguishability and, perhaps most importantly, complementarity, with its associated principle of
uncertainty.  Collective adaptation of these tenets, along with the quantum mathematical formalisms,
constitutes a "quantum mechanics of consciousness" that can provide a variety of conceptualizations
and vocabulary for discussion of the interpenetration of consciousness and its environment.  Many
aspects and examples of this approach are detailed in numerous references (Dunne and Jahn, 1989a,b;
Jahn, 1991; Jahn and Dunne, 1983a, 1986, 1987, 1994); here we shall outline just two:  the "atomic"
and "molecular" structures of consciousness.

      If consciousness is afforded a wave mechanical nature, subject to the principles of quantum
mechanics, its palpable experiences should be associated with the standing wave patterns, or
"eigenfunctions", it achieves in its prevailing environment.  In physical quantum mechanics, the
environments are usually represented as potential profiles in which the wave systems are constrained.
In the consciousness metaphor, the broader environments, as defined above, may be similarly
conceptualized, albeit in terms of more complex and abstract profiles of more subjective properties.
Within such profiles, the consciousness manifests its experience via a discrete set of similarly subjective
standing waves, characterized by observable values of the pertinent experiential properties.

     With these "consciousness atoms" thus defined, their combination into "consciousness molecules"
may also be undertaken.  This bonding process, which is classically inexplicable even in physical
situations, is a particularly illuminating format for representation of the operator/machine and
percipient/target anomalies described earlier, and for broader comprehen-sion of many other
consciousness-related phenomena as well.  In the physical regime, when the wave patterns of the
valence electrons of two atoms come into close interaction, they cannot be distinguished in any
pragmatic sense, and this loss of identity or information, when properly acknowledged in the quantum
mechanical formalism, leads to an "exchange energy" which is the basis of the molecular bond.  The
strength of this bond depends on the spin orientations of the two interacting electrons, as well as on the
pattern of overlap of the two electronic wave functions within the composite potential well established
by the two atomic nuclei and the electrons themselves.  (This process is an excellent example of the
equivalence of energy and information mentioned earlier.)

     Our metaphor would thus predict that an individual consciousness immersed in a given
environmental situation would establish a set of characteristic experience eigenfunctions.  A second
individual, exposed to the same situation, would manifest a different set of experiences.  However, if
these two consciousnesses were strongly interacting, their experiential wave functions would become
resonantly intertwined, resulting in a new pattern of standing waves in their common environment.  As
demonstrated in the co-operator experiments described earlier, these "molecular" experiences may be
quite different from the simple sum of their "atomic"  behaviors, and if we insist on comparing them
with such, they will appear anomalous.  In their own properly constituted molecular context, however,
they are quite normal.  The importance of gender pairing in these experiments also suggests an analogy
to the spin pairing in the physical bonds.

      Even our individual operator/machine effects may be addressed in this fashion if we are willing to
concede some form of "consciousness" to the machine, in the sense that it, too, is a system capable of
exchanging information with its environment.  Thus, a bonded opera-tor/machine system should not be
expected to conform to the isolated operator and isolated machine behaviors, but to establish its own
characteristic behavior.  Viewed as an influence of one system (the operator) upon another (the REG),
the empirical results are inexplicable within the canonical behaviors of the isolated systems;  viewed as



a process of wave-mechanical resonance between two components of a single interactive system, they
behave quite appropriately.  Otherwise put, the surrender of subjective identity implicit in the
human/machine bond is manifested in the appearance of objective information on the digital output
string.  Its entropy has literally been reduced by its involvement with a human consciousness.

      Such a model can also be applied to the remote perception effects in terms of a resonant bond
between the percipient and the agent that enables the "anomalous" acquisition of information about the
prevailing physical target environment in which both are emotionally immersed.  Alternatively, one
might pose the "molecular bond" between the percipient and the target scene, with the agent assigned
the role of establishing a facilitating environment for the anomalous communication between the two.
In either representation, the merging of subjective identities again enables the transfer of objective
information, in this case manifesting as a coherence between the agent and percipient responses.

      This concept of resonance as a mechanism for introducing order into random physical processes
may also be a viable model for comprehending various other equally "anomalous", if somewhat less
provocative, processes, such as human creativity, whether artistic, intellectual, or biological, or human
trust, hope, or affection.  The essential mechanisms of some of these may in fact devolve from the same
principle of indistinguishability, wherein the surrender of information distinguishing the two interacting
subsystems within a single complex system translates into an increment in the structural strength of the
bonded system.  Thus, when the perceived boundary between consciousness and its environment is
eliminated or reduced via subjective merging of the "I" with the "Not I", the resultant bonded system
may marginally alter both the physical structure of the environment and the experience of the
consciousness in some consequential way.  If this resonance entails a volitional or intentional
component, be it conscious or unconscious, the bonded system will reflect that intention in a manner
unique to the particular "molecule."  Our experimental results suggest that while the scales of these
effects are marginally small and impossible to identify on a trial-by-trial basis, they nevertheless can
manifest in significant probabilistic trends accumulated over large bodies of experience.

      From all of this emerges the intriguing possibility that what we denote as "chance" behavior, in any
context, rather than deriving from some ultimately predictable, fully mechanistic behavior of a
deterministic physical world, is actually some immense subsumption of a broad distribution of
potentialities reflective of all possible resonances and intentions of consciousness with respect to the
system or process in question.  Sir Arthur Eddington proposed the possibility in only slightly different
terms:

"It seems that we must attribute to the mind power not only to decide the
behaviour of atoms individually but to affect systematically large groups - in
fact to tamper with the odds on atomic behaviour. ... Unless it belies its
name, probability can be modified in ways in which ordinary physical entities
would not admit of.  There can be no unique probability attached to any
event or behaviour; we can only speak of `probability in the light of certain
given information,' and the probability alters according to the extent of the
information." (Eddington, 1978)

Or, in the more poetic words of Schiller's Wallenstein:

"There is no such thing as chance, and what we regard as blind circumstance
actually stems from the deepest source of all." (Schiller, 1952)
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Abstract — Portable random event generators with software to record and
index continuous sequences of binary data in field situations are found to
produce anomalous outputs when deployed in various group environments.
These "FieldREG" systems have been operated under formal protocols in ten
separate venues, all of which subdivide naturally into temporal segments,
such as sessions, presentations, or days. The most extreme data segments
from each of the ten applications, after appropriate correction for multiple
sampling, compound to a collective probability against chance expectation
of 2 x10-4. Interpretation remains speculative at this point, but logbook notes
and anecdotal reports from participants suggest that high degrees of atten-
tion, intellectual cohesiveness, shared emotion, or other coherent qualities of
the groups tend to correlate with the statistically unusual deviations from the-
oretical expectation in the FieldREG sequences. If sustained over more ex-
tensive experiments, such effects could add credence to the concept of a con-
sciousness "field" as an agency for creating order in random physical
processes.

Introduction
All of the benchmark REG experiments in the PEAR program have been per-
formed with a very sophisticated microelectronic binary generator that incor-
porates elaborate failsafes, redundancies, and controls to guarantee its nomi-
nal randomicity and protection from internal and external bias (Nelson,
Bradish, and Dobyns, 1989). With the basic character of the operator-related
anomalies well established on this elaborate device (Jahn, Dunne, and Nelson,
1987), however, it became clear that our program, as well as others, would
benefit from much simpler REG modules that could enable a broader spec-
trum of applications of the essential experimental concept. For example,
these more compact and less expensive devices could serve as sources for a va-
riety of second and third generation experiments in our own laboratory, facili-
tate various replication and extension experiments in other laboratories, and
enable a number of field studies outside of the laboratory settings. Such
portable REG devices have been designed, constructed, and placed into ser-
vice in numerous experiments in our own laboratory, and several direct repli-
cations and extended applications undertaken elsewhere (Nelson, Bradish,
and Dobyns, 1992). In all of these, the basic hypothesis that human intention
is an essential factor in establishment of the digital anomalies has been re-
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tained, and this parameter has been treated as the primary correlate in the
analyses of the experimental data.

This portable technology also permits another potentially important genre
of experiment, namely the passive monitoring of environmental backgrounds
in selected sites and situations where human consciousness might conceivably
be altering or organizing a surrounding "field" of potential information, most
broadly construed, without specific intention or direct attention to the experi-
mental device by any of the participants. Examples that suggest themselves
include religious or secular ceremonies and rituals, individual or group thera-
py sessions, business meetings, sporting events, professional conferences, or
any other group convocations that might include periods of unusually cohe-
sive cognitive interaction, creative enthusiasm, or other forms of emotional
intensity.

This possibility — the establishment of a discernible "consciousness field,"
— has been widely proposed in many contexts, by scholars from various dis-
ciplines (Basham, 1959; Durkheim, 1961; James, 1977; Sheldrake, 1981). It
gains some credence from the informal testimony of our laboratory operators,
who frequently speak of achieving a state of "resonance" with the device dur-
ing successful operation, and from some of the details of their experimental
performance. For example, hints of the possible importance of subconscious,
collective, and environmental aspects of the anomalous phenomena, wherein
explicit intention is relegated to a secondary or subtler role, arise in the ubiq-
uitous series position effects, in the observed deviations of non-intentional
baseline data from chance behavior, in an assortment of gender differences in
performance (Dunne and Jahn, 1995), in the superior performance of some op-
erators when not directly addressing the machines, and in the unusually large
effect sizes of co-operator bonded-pairs (Dunne and Jahn, 1993).

In a systematic attempt to explore this regime, we have deployed FieldREG
systems, comprising a portable REG and a notebook computer with appropri-
ate software, as passive background monitors in a variety of group assembly
situations where unusual collective dynamics might ensue. In these applica-
tions, data are taken in continuous segments, with a time-stamped index iden-
tifying scheduled or unscheduled periods of particular interest. The behavior
of the system overnight or during extra-session intervals in the meeting sched-
ules provides a form of on-line control data. All data are subsequently
searched for prolonged segments of unusual behavior, as indicated by extreme
shifts in the output means or protracted periods of steady deviation. These
anomalies are hypothesized to be indicative of some change in the prevailing
information environment associated with the collective consciousness of the
assembled group. In a sense, the name "FieldREG" thus acquires a double en-
tendre: i. e., the device has been deployed in a "field" situation, to monitor
changes in a consciousness "field."
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Equipment
The portable REG which is the heart of the FieldREG system consists of a

printed circuit board and precision components mounted in a 5 x 7 x 2 inch cast
aluminum box. The random event sequence is based on a low level micro-
electronic white noise source which is amplified, limited, and ultimately com-
pared with a precisely adjusted DC reference level. At any instant of time the
probability of the analog signal equaling or exceeding the reference threshold
is precisely 0.5. This white noise signal is sampled 1000 times per second, and
the output of a comparator stage is clocked into a digital flip-flop, yielding a
stream of binary events, 1 or 0, each with probability 0.5. This unpredictable,
continuous sequence of bits is then compared with an alternating template
using a logical XOR in hardware, and the matches are counted, thus precluding
first-order bias of the mean due to short or long-term drift in any analog com-
ponent values by inverting every second bit. The resulting sequence is then ac-
cumulated as bytes that are transmitted to a serial port of the computer, where
they are read and converted to REG data by dedicated software. The digital
and analog circuits are isolated from each other spatially and electrically, and
the geometry is fixed by the printed circuitry. To avoid electrical cross-talk,
digital transmissions are not performed during the analog sampling. Power to
the circuits is supplied by an external DC adapter to minimize effects of asso-
ciated time-varying magnetic fields. In applications where no line voltage is
available, power is provided by a battery pack, with the entire system con-
tained in a small carrying case.

Extensive calibrations of a large number of these portable REG devices in-
dicate that all perform as nominal random sources, with distribution parame-
ters that are indistinguishable from theoretical expectations, or from those of
the more elaborate benchmark REG.

Computer Software
The FieldREG data acquisition program runs on a DOS-based computer,

usually a laptop portable, and employs many features of the laboratory experi-
ments in order to maintain analytical compatibility with them. For example
the software reads the serial port and assembles 25 consecutive bytes as a 200-
sample trial, from which data are recorded as a sums of 200 bits, with expecta-
tion 100, variance 50. The program then generates a data file of consecutive
trials, and a corresponding index that contains a new line printed every hour.
Interstitial lines record the time, trial number, and other information corre-
sponding to any preset or concurrent marks made using defined function keys
to indicate events such as the beginning and end of sessions. A custom analy-
sis program allows specification of the beginning and end of the data sequence
to be analyzed, and generates a full statistical analysis of its distribution. A
corresponding graph shows the cumulative deviation of the specified data se-
quence from expectation, marked with a vertical line at each point where a
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function-key code was entered (see Figure 1). Each such mark is accompanied
by a 5 percent confidence parabola that starts at the current height of the cumu-
lative trace, allowing a visual assessment of trends corresponding to the identi-
fied events or time periods.

Protocol
The two essential requirements for a credible protocol are standardized pro-

cedures for specification of potentially interesting periods or events, and well-
defined statistical criteria for establishing any non-chance characteristics of
the corresponding data. The former necessarily depends to some degree on the
particular application, but at a minimum must specify the criteria that objec-
tively identify sessions or events, and the means by which these criteria are
implemented, e.g., concurrent notes or marked index lines. For example, pre-
set event markers in the index may be keyed to logbook descriptions of the
events; prescheduled events, such as conference talks, field observation peri-
ods, or meeting sessions, with or without markers in the index, may be identi-
fied from comprehensive, time-stamped notes.

Given an objective identification protocol, the analysis of any apparently
unusual or deviant data subset within a given application can be handled by
common statistical tests applied to the interval of interest, appropriately cor-
rected via Bonferroni adjustments for the prevailing multiple opportunities. In
general, to obtain an estimate of the likelihood that a particular segment is evi-

Fig. 1. ICRL: Pilot Study; Vertical lines mark events.
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dence for an anomalous interaction, a Bonferroni adjustment to the individual
event probability, p, of the form pB = 1-(1-p)n may be applied, where N de-
notes the appropriate number of similar opportunities or events.

In most applications, it is also possible to apply a canonical test for in-
creased variance across all of the subsets within the application, using a sum
of squared Z-scores, to compare with the x2 distribution (Snedecor and
Cochran, 1980). This latter test accurately summarizes the accumulation of
evidence for anomalous deviations across all of the data subsets within the ap-
plication, whereas the Bonferroni adjustment treats a selected segment as a
stand-alone anomaly. Thus, in any application where an unusual deviation is
exhibited in more than one segment, the Bonferroni procedure will yield a rel-
atively conservative estimate of the degree of anomaly, compared with the x2

test.

Example Applications
Formal FieldREG experiments have so far been performed in 10 varied situ-

ations, including large and small professional meetings, group gatherings for
religious rituals, and certain investigations of unusual sites. The selected data
subsets within these databases were chosen on the basis of evidently strong
and consistent trends, and their analysis thus requires consideration of the
number of similarly defined datasets (e.g., sessions or presentations) that
might also have been selected. In all cases, this has been done by adjusting the
intrinsic probability of the mean-shift using the Bonferroni calculation de-
scribed above. In a few examples the x2 calculation is also given for compari-
son.

The first exploration of the FieldREG approach was undertaken at a meeting
of the International Consciousness Research Laboratories (ICRL) in April,
1993, albeit without the current FieldREG software. Although this dataset
cannot be included in the formal analysis because the recording format and the
concurrent documentation do not contain adequate information, it served to
suggest the potential value of a carefully implemented protocol. The ICRL
group comprises several senior scholars from various scientific disciplines
who meet semi-annually to exchange research progress, plan collaborative
projects, and discuss the role of consciousness in physical processes. The first
of two recorded segments was an afternoon session that consisted primarily of
presentations of ongoing research, much of which was deeply engaging for the
group, and the FieldREG data showed a steady trend culminating in a signifi-
cant deviation during the first three hours of this period. The second day's
segment, recorded during pragmatic business discussions in the afternoon ses-
sion, showed essentially random behavior throughout. Figure 1 displays the
total database of approximately nine hours, with two of the vertical lines em-
phasized to mark particular points; the first is near the end of the three-hour
period described above, and the second segregates the two days. (In all of the
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subsequent examples all the vertical lines have been removed with the excep-
tion of those marking the data segments chosen for further analysis.)

ICRL I
A continuous FieldREG recording using the fully developed protocol and

software was made at a three-day ICRL meeting in March 1994. Figure 2a dis-
plays the entire data sequence, which includes not only meeting times, but
breaks and overnight periods. A vertical line marks the beginning of the third
day, anecdotally described as distinctly productive and satisfying. For most of
this day, the trend was strongly positive (Figure 2b), and achieved a Z-score of
2.187, corresponding to a Bonferroni-corrected p-value of pB= 0.084 for the
selected day's excursion, suggesting a modestly unusual deviation, even after
compensation for multiple sampling opportunities.

ICRL II
A FieldREG recording of one day of an ICRL meeting in December, 1994, is

shown in its entirety in Figure 3a with the segment chosen for further analysis
marked. Interspersed with various informal discussions and group exchanges,
there were three planned, formal presentations of about an hour's duration,
and the last of these (Figure 3b) showed a rather steady trend culminating in a
meanshift with two-tailed p-value of 0.061. The Bonferroni-corrected value
in this case is 0.172, indicating that, given the multiple opportunities for
chance fluctuations to produce suggestive excursions, it is not highly deviant.
Further examination of Figure 3a shows other segments that exhibit strong
trends, but these do not correspond to prespecified or objectively identifiable
periods, according to the FieldREG protocol. Thus, although they look unusu-
al, they cannot be distinguished from chance fluctuations and hence cannot
contribute to our understanding.

DMHI I
A group of about a dozen researchers in a working group on Direct Mental

and Healing Interactions (DMHI) met for several days in December, 1993.
The FieldREG equipment operated for about 35 hours throughout most of the
meeting, primarily during the active meeting times but with several unattend-
ed periods between sessions when all participants were elsewhere (Figure 4a).
In the aggregate, these data look like calibrations of a well-behaved random
event generator, as is typically the case for the FieldREG applications. How-
ever, there appear to be isolated segments with unusually strong trends that are
associated with particular presentation sessions. The most striking of these is
shown in Figure 4b, recorded while one researcher spoke for over two hours
describing three promising high priority projects. This steady high-going trend
has a terminal Z-score of 3.05, corresponding to a two-tailed p-value of 0.002.
Over the course of the four days, FieldREG recorded 12 presentations of
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Fig. 2a. ICRL I: Three-day meeting; last day marked.

Fig. 2b. ICRL I: Marked day.
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Fig. 3a. ICRLII: One day; selected session marked.

Fig. 3b. ICRL II: Marked session.
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Fig. 4a. DMHI I: Four-day meeting; selected session marked.

Fig. 4b. DMHI I: Marked session.
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roughly equivalent length, leading to a Bonferroni correction that increases
the selected session's probability to 0.027.

DMHL II
Figure 5a shows a four-day, continuous FieldREG recording made of the

December, 1994, DMHI working group meeting, including breaks and
overnight periods. This meeting was not broken into defined sessions, but in-
stead was a free ranging discussion focused on research programs. Following
an overnight period at the start, the FieldREG trace shows a consistent upward
trend during all of the first 12-hour day, culminating in a p-value of 0.014 for
the meanshift (Figure 5b). The Bonferroni correction to compensate for se-
lecting one particular day from the four leads to an estimate of pB= 0.055 for
this trend to have occurred by chance.

CUUPS I
A FieldREG system with battery pack was provided to a chapter of the

Covenant of Unitarian Universalist Pagans (CUUPS) to be used at their ritual
gatherings, beginning in December 1993. Under PEAR guidance, the pro-
gram was introduced to a group of about 35 participants who were told that the
FieldREG recordings are intended to explore more systematically the occa-
sional occurrence of anomalous trends in random data that appear to be corre-
lated with group coherence, excitement, enthusiasm, etc. This database in-
cludes FieldREG records for six of their ritual gatherings, each nominally an
hour long, but with moderate variations in actual length (Figure 6a). Some
sessions appear to have unusual, strong trends with reversals during the ritual
periods. The example shown in Figure 6b was a full moon ritual, attended by
the core members who comprise about a third of the full group. It shows a sig-
nificant negative trend (Z = -2.557), which, when corrected for the multiple
opportunities, yields a p-value of 0.062.

The x2 procedure, mentioned earlier, that evaluates the statistical variance
from expectation across all the sessions may be particularly appropriate for
this CUUPS example, since all the gatherings are designed rituals with the
common purpose of celebrating specific occasions, and may be considered
equivalent samples from a particular statistical population. Summing the
squared Z-scores yields x2= 12.604, with 6 df, and a p-value for the x2 of 0.050.
Another estimate for the combined probability can be obtained from

X2 =E-2 ln pi.

where pi denotes the individual ritual session probabilities, with degrees of
freedom equal to two times the number of cases (Rosenthal, 1991). This yields
x2= 21.823, on 12 df, and an estimated p-value of 0.039.
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Fig. 5a. DMHI II: Four-day meeting; selected day marked.

Fig.5b. DMHI II: Marked day.
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Fig. 6a. CUUPS I: Database for six ritual gatherings; selected session marked.

Fig. 6b. CUUPS I: Marked Session.
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CUUPS II
Data were collected in the same manner in a second group of nine CUUPS

sessions over the period from June, 1994, to January, 1995 (Figure 7a). The
most extreme excursion (Figure 7b) achieved a Z-score of -2.962, and the
Bonferroni-corrected p-value is 0.027. In the alternative calculation based on
contributions from the full database, the sum of squared Z-scores for all nine
sessions results in x2= 20.901, with 9 df, p = 0.013.

Academy
The Academy of Consciousness Studies, a two-week multi-disciplinary

workshop for some 50 scholars involved in consciousness studies, was held in
Princeton during June and July, 1994. The ten days of presentations and dis-
cussion offered about 60 sessions from which FieldREG sequences could be
selected. One full day is shown in Figure 8a; it includes the most extreme de-
viation of any session in the 10-day record. This hour-long data sequence is
presented in Figure 8b, and corresponds to a discussion, described by several
participants as deeply engaging, of the pervasive presence of ritual in human
activities ranging from everyday habits, to religion, to science. The calculated
intrinsic p-value for this segment is 0.00005, yielding a Bonferroni corrected
value of 0.0028.

Humor Conference
Based on an informal hypothesis that humor may have a strong tendency to

establish coherent group consciousness, the FieldREG system was used to
record the 10th annual Conference on Humor and Creativity, in April, 1995.
There were approximately 1000 participants, and over the three day period
(Figure 9a), there were five "Keynote" presentations attended by the whole
group. Among these, the most extreme deviation was generated during a par-
ticularly engaging evening session that ended with a standing ovation followed
by an encore. This full session, shown in Figure 9b, had a Z-score of 2.276,
and a two-tailed p-value of 0.022, which yields pB= 0.105.

The conference also included a number of concurrent sessions, thematic
break periods, and other pre-defined segments, attended by smaller numbers
of participants in separated parts of the convention center. For the 20 defined
events, including the Keynote presentations, the x2 is 38.995, with 20 degrees
of freedom and pB- 0.007, indicating that the FieldREG recorded significantly
more extreme deviations during these scheduled periods than expected for a
random sequence, and that the effect of the group environment was not limited
to the selected Keynote session.

SSE Council
The FieldREG system was taken to a meeting of the governing Council of
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Fig. 7a. CUUPS II: Database for nine ritual gatherings; selected session marked.

Fig.7b. CUUPS II: Marked Session.
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Fig. 8a. Academy: One full day, of ten; selected session marked.

Fig. 8b. Academy: Marked session.



126 R. D. Nelson et al.

Fig. 9a. Humor Conference: Three days; selected session marked.

Fig. 9b. Humor Conference: Marked session.
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the Society for Scientific Exploration (SSE) in December, 1994, where its pur-
pose was described in a short introduction, and it was deployed in a demon-
stration application. The seven-hour meeting (Figure 10a) had no formal ses-
sion structure, but the agenda, together with notes of times allotted to major
issues, allowed the definition of 12 topical segments varying in length from 15
to 50 minutes. The most extreme deviation exhibited among these was during
a 20 minute discussion on the development of a World Wide Web homepage
for SSE and its journal (Figure 10b). The associated probability was 0.052,
but the Bonferroni adjustment raises this to pB= 0.473, indicating the deviation
was not unusual given the number of opportunities present in the database.
Computing the x2 for the 12 segments further confirms the random character
of these data, yielding x2= 10.175, with 12 df, and p = 0.601.

Marfa Lights
In addition to group applications like those just shown, the FieldREG sys-

tem may be useful as a background monitor in other environments of interest.
In one such example, three ICRL researchers included a FieldREG system as
part of the instrumentation taken to the Big Bend area of western Texas to
record a variety of physical parameters that might correspond to the appear-
ance or activity of the anomalous "Marfa lights" reported in that area. On six
successive nights, recordings of approximately two hours duration were taken
(Figure 11a), one of which showed a consistent trend (Figure 11b) with an as-
sociated Z-score of 2.031. Although there were no corresponding anomalous
light phenomena, the logbook notes describe a "deep and occasionally humor-
ous conversation" that took place while the researchers sheltered from in-
clement weather. The Bonferroni correction yields a probability for this ses-
sion of pB= 0.228.

Combined Results
In attempting any concatenation of the individual experiments listed above

into an overall statistical likelihood, it is first necessary to acknowledge that
two categories of selection have been invoked in several of the applications,
i.e., the session or presentation, and the day. Again, a form of Bonferroni cor-
rection may be applied, yielding a scale-corrected p-value of 1-(1-pB)2 for
those applications where both scales of analysis were available. The results
for all 10 applications are summarized in Table 1. The composite value across
all these applications, calculated from

2
x = S-21npB,

with 2N degrees of freedom (Rosenthal, 1991) yields X2= 50.008, with 20 df,
and a corresponding composite p-value of 2 x 10-4.

The accumulation of modest but consistent correlations with group dynam-



128 R. D. Nelson et al.

1620

Fig. 10a. SSE Council: Business meeting; selected session marked.

Fig. 10b SSE Council: Marked session.
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Fig. 1 la. Malfa Lights: Field investigation, six sessions; selected session marked.

Fig. 11b. Marfa Lights: Marked session.
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ics seen in the FieldREG data should be compared with appropriate control
data, as well as with the theoretical chance expectation. Ideally these should
be generated in the same or similar circumstances to those of the active data.
However, the full databases for only about half of the applications presented
here include extensive subsets from break periods and overnight recording; the
others consist primarily of active data, e.g., many of the CUUPS sessions have
only a few minutes before and after the rituals, and the Council example has
no extra-session data that can be invoked for control purposes. Thus, we are
forced to a hyper-conservative approach for creating controls, based on ran-
dom resampling of the full databases, a procedure which is likely to include by
chance some portions of the active, deviant subsequences. Specifically, the
full database in each example is resampled using a single set of random incur-
sions into the actual data sequence to generate the appropriate number of con-
trol "sessions," each of the same length as the active FieldREG segment se-
lected from that application. Thus, the randomly extracted control data
correspond to no particular events or time periods, whereas the FieldREG data
are delineated by the start and endpoints of specific sessions. The most ex-
treme deviation found among the several control segments generated for each
of the ten applications was identified, and pB was calculated, using the same
procedures as for the actual data. Table 2 shows the results, to compare with
those in Table 1. (Parentheses around the application names denote calibra-
tion data.)

Although several of the randomly drawn control subsets have low intrinsic
p-values, as might be expected given the selection of the most deviant seg-
ments from a large number of random sequences, the Bonferroni adjustment
renders most of these cases unimpressive. The X2 for the composite of the con-
trol applications is 19.950, with 20 df, corresponding to a p-value of 0.461.

In a less conservative alternative control procedure, the same resampling
process was applied to data generated by a portable REG device undergoing
calibrations in the laboratory. Table 3 shows these calibration-based control
results in the same format as the active data and the random resampling con-
trols. Again, the selected segments show small p-values, but after correction,
most of these are moderate, and the x2 for the composite of the control exam-
ples is 26.476, with 20 df, corresponding to a p-value of 0.151.

In Figure 12, the x2 values for the individual applications (solid line) as well
as the random controls extracted from the field data and from the laboratory
calibrations (dashed lines) are plotted as cumulative sums over the ten inde-
pendent examples. The figure also includes smooth dotted lines that represent
the chance expectation for this sum as well as the locus of a significant depar-
ture (p = 0.05) from that expectation. While both sets of control data deviate
only by small amounts across the accumulation of the ten datasets, the actual
data show a clear trend that culminates in a highly significant deviation, with
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TABLE 1
Active FieldREG Data

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Application
ICRL I
ICRL II
DMHI I
DMHI II
CUUPS I
CUUPS II
Academy
Humor Conf.
SSE Council
Marfa Lights

Trials
36745

2401
9922

49629
4136
3905
3674
4825
1378

12194

Cases
3
3

12
4
6
9

60
5

12
6

Extreme p
0.029
0.061
0.002
0.014
0.011
0.003
0.00005
0.022
0.052
0.042

Bonf.pB

0.084
0.172
0.027
0.055
0.062
0.027
0.003
0.105
0.382
0.228

Scale-Corr. pB

0.161
0.315
0.054
0.055
0.062
0.027
0.006
0.105
0.382
0.228

TABLE 2
Control Data from Random Resampling

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Application

(ICRL I)
(ICRL II)
(DMHI I)
(DMHI II)
(CUUPS I)
(CUUPS II)
(Academy)
(Humor Conf.)
(SSE Council)
(Marfa Lights)

Trials

36745
2401
9922

49629
4136
3905
3674
4825
1378

12194

Cases

3
3

12
4
6
9

60
5

12
6

Extreme p

0.352
0.060
0.152
0.042
0.002
0.094
0.004
0.158
0.090
0.464

Bonf.pB

0.728
0.121
0.862
0.219
0.012
0.589
0.214
0.577
0.678
0.976

Scale-Corr.pB

0.926
0.227
0.981
0.219
0.012
0.589
0.382
0.577
0.678
0.976

TABLE 3
Control Data from Laboratory Calibrations

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Application

(ICRL I)
(ICRL II)
(DMHI I)
(DMHI II)
(CUUPS I)
(CUUPS II)
(Academy)
(Humor Conf.)
(SSE Council)
(Marfa Lights)

Trials

36745
2401
9922

49629
4136
3905
3674
4825
1378

12194

Cases

3
3

12
4
6
9

60
5

12
6

Extreme p

0.004
0.002
0.023
0.168
0.541
0.074
0.007
0.448
0.016
0.123

Bonf.pB

0.011
0.007
0.248
0.521
0.991
0.500
0.359
0.949
0.177
0.544

Scale-Corr.pB

0.022
0.014
0.434
0.521
0.991
0.500
0.590
0.949
0.177
0.544
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Fig. 12. Cumulative x2 for ten FieldREG applications; active data compared to controls.

Effect Size
For the composite database, the normal deviate, or Z-score, corresponding

to the final p-value is Z = 3.540. The striking Academy example (after the
Bonferroni and scale corrections) has a normalized deviation of Z = 2.512.
Beyond such basic statistical figures of merit, it is illuminating to examine var-
ious other indicators of absolute effect size. The simplest of these is the frac-
tion of bits that have been altered from the chance expectation of equiparti-
tion, most conveniently expressed as Z per bit equals Z/Nb

1/2 or equivalently,
2 x dp where Nb is the number of bits processed, and dp is the difference of the
observed p from theoretical expectation. In the laboratory REG experiments
this effect size is on the order of 0.0002 for the full database of 2.6 million tri-
als, and as large as 0.002 for certain subsets. A conservative approximation of
corresponding values for the FieldREG database of 0.8 million trials, calculat-
ed from the Z-score associated with the Bonferroni adjusted p-value and the
total number of bits across all sessions, yields effect sizes of 0.0003 for the
combined result, and 0.0004 for the Academy example. The CUUPS exam-
ples both have larger Z per bit effect sizes of 0.0007.

We may also calculate a somewhat different effect size that enables compar-
ison across a variety of different laboratory experiments, by normalizing the
size of the anomalous effect in terms of the amount of time spent attempting to
achieve it (Nelson, 1994). For example, an effect size per hour is calculated as
Eh = Z/Nh

1/2 where Z is the normal deviate corresponding to the p-value, and Nh
is the number of hours in the selected session. These time-based effect sizes in
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the REG experiments, and indeed in most of our human/machine interaction
experiments, average about 0.2, and range up to about 0.8 for bonded co-oper-
ator pairs. In the FieldREG applications, the average time-based effect size is
about 0.3, with the largest effect size 0.7 (CUUPS I or II). Thus, these effect
sizes for the group applications appear to be similar to those seen in the labora-
tory REG experiments. We should note that because the Bonferroni adjust-
ment is highly conservative, both the Z per bit and time-based effect size esti-
mates err on the small side, by about 10 percent to 30 percent, with larger error
as the database size increases.

Discussion
These FieldREG data comprise a consistent empirical indication of anom-

alous behavior of a random physical system located in the presence of groups
of people engaged in shared cognitive or emotional activity. All but one of the
ten applications (the SSE Council meeting) make positive contributions to the
highly significant overall deviation from expectation. Five of the ten applica-
tions independently achieve deviations approaching or exceeding the conven-
tional p < 0.05 criterion for statistical significance, despite the conservative
Bonferroni adjustment. Because this research protocol is new and the data
sparse, any mechanistic interpretation is risky at this point, but some implica-
tions for more incisive future research are evident. In particular, a number of
technical, phenomenological, and philosophical questions merit further con-
sideration, among them:

1. What is the relationship of these non-intentional group effects to those
observed in the standard laboratory-based REG experiments, where
specified individuals deliberately endeavor to influence machine out-
puts in accordance with pre-stated intentions?

2. Does the direction of an anomalous response trend have any physical or
psychological implications?

3. Are the anomalous segments attributable to the experimenter, or to spe-
cific individuals in the group, or is the effect intrinsically collective in
nature?

4. What emotional, intellectual, or physical characteristics of the group en-
vironment contribute to the effect?

5. Is the concept of a "consciousness field" viable and testable?
6. Can an effective theoretical model be developed?
7. What other applications of FieldREG might be productive?
8. What are the broader scientific and cultural implications of the phenom-

ena represented by the FieldREG results?
Clearly our present FieldREG database is far too limited in scope and scale to
allow any definitive response to these questions at this time. Replication of
these and similar experiments by other investigators is needed and has indeed
begun (Radin, 1996; Blasband, 1995), but much more data covering a broader
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range of group situations will be required before the fundamental character of
these effects is likely to emerge. Nonetheless, a little modest speculation on
these issues even at this early stage may help to define more illuminating ex-
periments and models, and may encourage others to join in study of the prob-
lem:

Comparison with Laboratory REG Studies
By far the largest body of REG data acquired in our laboratory has been gen-

erated by individual operators located proximate to a sophisticated microelec-
tronic REG, attempting to influence the mean of its binary output distribution
toward higher or lower values than the baseline, calibration, or theoretical val-
ues, in accordance with pre-recorded conscious intentions. The scale of these
results, their operator-specific character, their dependence on secondary para-
meters, and their internal structure have been thoroughly established, replicat-
ed, and documented (Jahn, et al., 1987; Nelson, et al., 1991). But the technol-
ogy, protocol, and analysis of the FieldREG experiments differ from these
benchmark experiments in a number of potentially important aspects. First,
the portable REGs employed here are much simpler devices, unencumbered by
many of the redundancies and failsafes of the benchmark machine. Although
these units have been thoroughly calibrated and routinely employed for many
experiments within the laboratory and invariably found to be competent ran-
dom sources for such studies, indistinguishable in their performance from the
much more elaborate machine, their simplicity and small size endow their ex-
perimental applications with a considerably less explicit technological ambi-
ence. Second, the number of human participants involved in the FieldREG
studies usually is much greater than in the laboratory experiments. Although
we have some prior experience with "co-operator" pairs in the laboratory, and
indeed have found some intriguing results from these (Dunne, 1991), we have
only a few viable databases encompassing larger groups. Perhaps most impor-
tant, however, is the absence of any explicit, or even implicit intention on the
part of the group members with respect to the FieldREG output. In most cases
the participants are only peripherally aware of the machine, and have little un-
derstanding of its technical operation or purpose.

Two experimental excursions that might illuminate these distinguishing fac-
tors suggest themselves: 1) A more substantial program of larger group exper-
iments performed within the standard laboratory REG protocols; and 2) Field-
REG experiments wherein explicit pre-stated intentions are deliberately
imposed by or on the group. Comparison of the results of such studies with
those reported above and with the benchmark data could help focus interpreta-
tion of the phenomena onto its most salient aspects.

Direction of the Anomalous Response
Although most of the laboratory-based protocols are explicitly directional
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in a tripolar form, e.g. "high/low/baseline," a few more recent experiments are,
by their nature or by experimental choice, bipolar, e.g., "effect/no effect."
This latter form of "intention" is inherently more permissive and relaxed in not
requiring a given direction of response. Rather, in these studies we search for
any extraordinary excursions of the distribution mean, without regard for di-
rection. Such protocols are probably more amenable to comparison with the
FieldREG situations, and will be pursued in ongoing experiments and analy-
ses. Also possibly instructive are the observed distinctions in polarity of re-
sponse between male and female operators (Dunne, 1996). Complementary
studies could attempt empirical correlation of the polarity of anomalous Field-
REG excursions with the gender mix of the group, as well as with other tech-
nical and subjective indices. In all of this, it should be borne in mind that the
portable REG used in the FieldREG work, like its benchmark predecessor, in-
cludes a hardware algorithm that eliminates any direct correspondence be-
tween the electrical polarity of the sampled noise and the ultimate binary
events. That is, the output polarities relate only to the information produced
by the composite machine, not to the response of its physical noise source, per
se.

Individual vs. Collective Sources of the Effects
An important factor to discriminate via further studies is the relative impor-

tance of the group dynamic, vis-a-vis a dominating influence of one or more
individual participants. For example, should an anomalous trace acquired
during the course of a stimulating lecture be attributed to the lecturer, to the
topic, to the collective involvement of the audience, or even to the experi-
menter, who clearly has an interest in the acquisition of interesting data? Sim-
ilarly, is the response to a communal ritual driven by its format, by the inter-
personal resonances it engenders, or by one or more particularly strong
individual responses to the situation? In an extreme view, one might even re-
gard the REG system itself as a participant in such exercises, capable of react-
ing to diverse stimuli in some characteristic fashion of its own. Empirical dis-
crimination among these conceptual models will be difficult at best, and
perhaps fundamentally impossible if the processes are intrinsically holistic.
Short of elaborate permutations of participants among many otherwise similar
sessions in an attempt to isolate individual drivers of the effects, few incisive
experiments suggest themselves, and this issue may have to be left unexplored
in deference to more readily testable hypotheses. With regard to the experi-
menter as source, our design allows individuals not associated with the PEAR
laboratory (and not experimenters in the strict sense) to install and operate the
FieldREG equipment. For example, the CUUPS applications are managed by
a member of that group, with no direct oversight on the part of PEAR lab staff
beyond an initial tutorial. Their results are among the strongest in the data-
base, and this suggests, at least tentatively, that the nominal experimenter is
not a necessary source of influence.
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Emotional, Intellectual, and Physical Corrrelates
In contrast to the previous item, correlations of the FieldREG effects with

independently specifiable characteristics of the group composition, agenda,
purpose, tone, context, success, etc., could more readily serve to identify the
effective factors stimulating the observed response anomalies. Although many
of these discriminators may be unavoidably subjective, and some of them may
not be specifiable until the sessions are complete, all could be noted in some
self-consistent format prior to examination of the data.

While it is difficult to use anecdotal observations in a rigorous way, these
may help to formulate specific questions and hypotheses for further experi-
ments. For example, in the Academy session shown in Figure 8b, the steeply
inclined central portion is associated with an intense, twenty-minute discus-
sion of the ubiquitous presence of ritual in everyday life, by two individuals
giving examples that were personally important but easily acknowledged by
other participants. Logbook notes and concurrent tape recordings indepen-
dently confirm that there was a perceived special quality of shared and coher-
ent attention during this session, summarized in a spontaneous remark by one
participant: "I don't know if others had the same experience, but there was a
very noticeable change in the energy here. It feels like an affirmation of the
importance of what's going on."

In the examples from the CUUPS group, there are an number of similarities
in the two independent batches of data. Both of the extreme sessions were
recorded during full moon rituals, the trend in both cases is toward lower
scores, and the magnitudes of the deviations are quite similar and considerably
larger than those in the other sessions. The CUUPS group member who is re-
sponsible for the FieldREG project expresses no surprise at finding the full
moon sessions stronger because, "On the whole, our sabbats are not very per-
sonal or intense, whereas the moons sometimes are."

Some insight also may be gained from applications in other contexts. For
example, Blasband (1995) reports that an REG system present during psychi-
atric therapy sessions shows consistent, significant trends of opposite polarity
when the data are segregated into categories corresponding to the emotional
responses of anxiety or anger, whereas segments associated with "just talking"
show no notable or consistent deviation. Similarly, the relatively bland busi-
ness meeting of the SSE Council is the only application thus far that has not
yielded a positive contribution to the aggregate evidence for an effect of the
group situation on the REG.

All of these examples suggest a testable hypothesis regarding the depen-
dence of the FieldREG response on its venue of application, namely: an envi-
ronment fostering relatively intense and general cognitive or emotional en-
gagement will yield more vigorous responses than relatively mundane or
pragmatic assemblies.
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Consciousness Field
One conceptual hypothesis for the group-related anomalies indicated by

FieldREG is that the emotional/intellectual dynamics of the interacting partic-
ipants somehow generate a coherent "consciousness field," to which the REG
responds via an anomalous decrease in the entropy of its nominally random
output. In principle, one might attempt to strengthen this premise by mapping
the spatial and temporal dependence of the response amplitude and character
throughout the immediate convocation area and possibly beyond, but here we
encounter certain empirical and theoretical complications. Namely, the well-
established remote database from our laboratory REG experiments shows no
statistically significant dependence of effect size on the physical separation of
the operator from the machine, up to global distances, and likewise no depen-
dence on the temporal interval between operator effort and actual operation of
the target machine, up to several days, plus and minus (Dunne and Jahn,
1992). Therefore, if the group FieldREG effects draw from the same basic
phenomena as the laboratory experiments, no conceptual models based on
currently known physical fields with their usual 1/r2 dependencies and very
limited advanced and retarded signal capabilities are likely to suffice.

However, the concept of a consciousness field need not be completely
bound by traditional physical constraints. The results of our benchmark ex-
periments suggest that the basic effects are analytically tantamount to small
changes in the elemental binary probabilities underlying the otherwise random
distributions (Jahn, Dobyns, and Dunne, 1991) and the nonlocal effects
demonstrated in the remote REG data further indicate that these anomalies
may be more informational than dynamical in their physical character. As de-
veloped in several other references, generalization of the inherent human con-
cepts of "distance" and "time" to encompass subjective as well as objective
aspects can be a profitable, indeed powerful, strategy for representation of
many forms of conscious experience, both normal and anomalous (Jahn and
Dunne, 1986). In such a generalized perspective, simple physical separation is
replaced by some form of attentional or emotional proximity to the device in
the mind of the operator, and the locus and extent of physical time are replaced
by some specification of attentional focus and intensity of subjective invest-
ment. Thus, any group consciousness field would more likely be conditioned
by such subjective parameters relative to the participants and their agenda,
rather than by their physical configuration or by physical time.

One test of this radical hypothesis would be to remove the FieldREG unit
from the assembly area to some remote location while still dedicating its oper-
ation to the group event. The recipe for this dedication is far from clear, but the
protocol invoked in the laboratory remote REG experiments would seem a rea-
sonable first format (Dunne and Jahn, 1992). The goal again would be to seek
correlations of the anomalous responses of the remote machine with specifi-
cally indexed events in the convocation. Extension of the tests to "off-time"
protocols invoking temporal as well as spatial displacement could also be con-
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sidered, but here the problem of indexing the output traces for correlations
with sequential features of the meeting could become very difficult.

Theoretical Models
The invocation of a consciousness "field" is but one aspect of the composi-

tion of a comprehensive theoretical model of the FieldREG phenomena. Even
for the laboratory based experiments, the inescapable need to specify a host of
potentially relevant subjective parameters and incorporate them into viable
analytical formalisms severely strains the usual scientific requisites of stan-
dardization and quantification, well before any apt conceptual framework can
be specified. At this point in our understanding, only frankly metaphoric,
semiquantitative models have been assembled, but a few of these have had
some utility in cataloguing data sets, verbalizing conceptual distinctions, and
guiding subsequent experiments. One such model (Jahn and Dunne, 1986), al-
though primarily addressed to binary human/machine or human/human inter-
actions, also lends itself to situations like those addressed in this paper. This
model actually proposes group consciousness properties, defined by analogy
to various statistical physical effects, among them certain natural group "reso-
nances." Whether such subjective specifications of given assemblies will be
useful indicators for interpreting or generating FieldREG effects, or for de-
signing future experiments and interpreting data from them, remains to be
seen.

Technical Applications
If FieldREG is indeed functioning as a monitor of the subjective character

of the group interactions to which it has been applied, a broad range of exten-
sions suggest themselves, some of which could be instructive for better under-
standing of the phenomenon, others of which could hold pragmatic benefits.
In the former category, deployment within a variety of formal and informal re-
ligious services, large sporting events, and political rallies are obvious candi-
dates for situations with a tendency toward group coherence. Placement in
complex social environments that have more chaotic group dynamics, e.g.,
shopping mall crowds or subway stations, could provide an instructive con-
trast. Among the potential pragmatic benefits, monitoring of counseling or
healing sessions could conceivably correlate with the efficacy of the treat-
ments (Blasband, 1995); applications in business or industrial settings might
forewarn of counterproductive personnel interactions and suggest improved
configurations; in educational contexts, the more effective pedagogical tech-
niques could be indicated; in military or emergency service arenas, stress re-
duction in crisis situations might be facilitated. Realization of any of these
possibilities will clearly require much better basic comprehension of the fun-
damental process.
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Scientific and Cultured Implications
Some attempts have been made to assess the broader implications of the

anomalous phenomena evidenced in our laboratory-based experiments and
suggested by concomitant theoretical models, within the three overlapping
contexts of physical science, applied technology, and personal and public af-
fairs (Jahn and Dunne, 1987). The FieldREG results and potentialities dis-
cussed above prompt some extension and refinement of each category of these
speculations:

In the domain of basic science, the inescapable need to include conscious-
ness as a proactive ingredient in any comprehensive model of physical reality
is further underscored by the group results that, on the one hand, relax the req-
uisite of directed intentionality and, on the other, suggest some field-like char-
acter for the phenomena. These two aspects, coupled with numerous technical
and subjective indications from our laboratory-based experiments, suggest
that this capacity of consciousness is not so much associated with cognitive
functions or other higher brain activities, as with more primitive limbic drivers
of our behavior. If this is correct, the implications for its understanding and
utilization may differ profoundly from those for more commonly recognized
cortically-based capabilities of consciousness.

With respect to the arenas of modern technology, the same concerns for the
vulnerability of delicate information processing equipment to disruptive
human/machine anomalies that originally motivated establishment of our re-
search program must now be extended to encompass larger group effects and
less deliberate intentions. Conversely, the opportunities for positive exploita-
tion of constructive human/machine interactions for more effective engineer-
ing systems may be enhanced by the group possibilities.

Finally, and perhaps most importantly, beyond any scientific impact or tech-
nological application, clear establishment of a salient role for group con-
sciousness in the establishment of reality could hold sweeping implications for
our collective and individual views of ourselves, our relationships to others,
and to the world in which we exist. These, in turn, could impact our values,
our priorities, our sense of opportunity and responsibility, and our entire style
of life.

Conclusion
To recapitulate our present position, it appears that sufficient early data have

been accumulated from FieldREG deployments in a variety of group situa-
tions to establish that these rudimentary, binary electronic information proces-
sors are responding with anomalous outputs to some aspects of the prevailing
interpersonal environments. Any attempt to specify the group/machine dy-
namics that manifest in these anomalies clearly should await much more ex-
tensive and incisive empirical data, but the absence of directed intentionality
in these applications would seem to complicate further the formulation of vi-
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able theoretical models of anomalous human/machine phenomena. Beyond
this, the ultimate implications for scientific epistemology, for technological
applications, and for personal and collective cultural affairs may need to be
broadened. Perhaps most consequential is the possibility that the concept of a
consciousness "field," heretofore postulated in various abstract forms by
scholars of many disciplines, may now be on the threshold of rigorous scientif-
ic demonstration as a driver of physical reality.
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A 16-year empirical assessment of anomalous human/machine inter-
actions provides strong evidence that consciousness can add informa-
tion to otherwise random digital strings. A parallel pro g ram of re m o t e
p e rception studies establishes the inverse process: the anomalous
acquisition of information about distant physical targets. Remarkably,
neither of these extra o rd i n a ry capabilities shows any dependence on
either the distance or the time separating the participant from the tar-
get. The re l e vance of these consciousness abilities to human health fol-
lows from recognition that physiolog y entails myriad subtle
information processes, all of which involve some degree of ra n d o m i c i ty
in their normal functions, and thus may be similarly influenced by
conscious volition. (Al t e r n a t i ve Therapies in Health and Medicine.
19 96 ; 2 ( 3 ) : 3 2-3 8 )

Over its long and proliferate histor y, the family of
intellectual and pragmatic endeavors we broadly
term science has tended to trade in three concep-
tual currencies: matter, energy, and information.
Although each of these has encompassed a va r i-

ety of more specific phenomena and topical applications charac-
teristic of particular scientific domains, a similar sequence of
attention to them has progressed through most technical fields.
For example, early physical science, from the time of the early
Egyptians through the Enlightenment, focused mainly on the
b e h avior of tangible substance—its stru c t u re, mechanics, and
chemical and physical properties. Midway through the 19th cen -
t u ry and well into the 20th, the concept of energy in its many
forms—mechanical, electrical, thermal, chemical, nuclear, etc—
became more central to basic physics and to its associated tech-

nologies. Most recently, information has taken center stage, and
clearly will dominate physical science and its applications for the
foreseeable future.

Su p e rf i c i a l l y, these three currencies might seem distinct,
but in fact they are demonstrably convertible, with immense
consequences. Einstein’s identification of the transmutability of
m aterial mass into energy (E=mc2) has impelled much of 20th
century physics, and its technological, political, and sociological
i m p l i c ations can hardly be ov e r s t ated. A somew h at subtler
e q u i valence of energy and information is now well established,
and will become progressively more important throughout 21st
century science and many of its applications.

A similar conceptual genealogy has characterized the evolu-
tion of the biological and medical sciences. Early preoccupation
with the properties of biological substance—bone, tissue, blood,
cell—led inevitably to confro n t ation of the energetic pro c e s s e s
of living organisms: their metabolism, kinesiological dynamics,
and  immune and restorative activities. Now, of course, the over-
riding emphasis is on biological information, as manifested in
the mechanisms of neurophysiological reaction and communica-
tion, genetic coding, brain function, and a host of psychological
parameters. To each of these phases the bioengineering, pharma-
ceutical, and health service communities have responded with a
corresponding array of technologies, products, and applications
that have had their own major cultural impacts.

The entry of these sciences and technologies into the con-
ceptual kingdom of information brings with it two intriguing
problems, neither of which has been adequately acknowledged,
let alone addressed. First, there is the self-evident distinction
between o b j e c t i ve and s u b j e c t i ve i n f o r m ation. The former—the
hard currency of information generating, processing, and repre-
senting devices of all kinds—is completely and uniquely quan-
tifiable and, via the fundamental definitions of contempora ry
i n f o r m ation science, ultimately reducible to binary digits. Fo r
example, the o b j e c t i ve i n f o r m ation contained in any given book
could in principle be precisely quantified by digitizing each of its
letters and every aspect of its syntactical stru c t u re, and com-
pounding these in some logical schema. But the magnitude of
the s u b j e c t i ve i n f o r m ation the book presents would still depend
on the native language, cultural heritage, and degree of interest
of its reader, and thus would seem to defy quantization.

Ne v e rtheless, we seem innately driven to attempt some
q u a n t i t ative specification; eg, we might say, “This book is m o reReprint requests: InnoVision Communications, 101 Columbia, Aliso Viejo, CA 92656. Tel, (800)
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interesting than that one,” or “I have zero interest in it.” Likewise,
we might attempt to digitize the information displayed by a bril-
liant wat e rfall or a magnificient symphony in terms of the pre-
vailing distributions of optical and acoustical frequencies and
amplitudes; but in so doing we would largely fail to convey its
subjective beauty or emotional impact. Ne v e rtheless, we might
try to express in pseudo-quantitative terms how much such vis-
tas delighted us (eg, “That was even better than the last one” or
“That is the finest I have ever seen”). And then, of course, there is
the young child with widely outstretched arms, attempting to
quantify his heartfelt emotion: “Mommy, I love you s o - o - o
much!”

Q u a n t i f i c ation of subjective information will be a major
challenge to the exploding era of information. Some will contend
that it should not even be attempted—that subjective experience
must be categorically excluded from the purview of natural sci-
ence. We think not; and neither did the brilliant philosopher,
psychologist, and humanist William James1:

The spirit and principles of science are mere affairs of
method; there is nothing in them that need hinder science
f rom dealing successfully with a world in which personal
forces are the starting point of new effects. The only form of
thing that we directly encounter, the only experience that
we concretely have is our own personal life. The only com-
pleted cat e g o ry of our thinking, our professors of philoso-
phy tell us, is the cat e g o ry of personality, every other
c at e g o ry being one of the abstract elements of that. And
this systematic denial on science’s part of personality as a
condition of events, this rigorous belief that in its ow n
essential and innermost nat u re our world is a strictly
impersonal world, may, conceivably, as the whirligig of time
goes round, prove to be the very defect that our descen-
dants will be most surprised at in our boasted science, the
omission that to their eyes will most tend to make it look
perspectiveless and short.

The need to include subjective information as a scientific curren-
cy is far more than an abstract philosophical issue. In a world
i n c reasingly driven by consumer reactions, political impre s-
sions, and delicate interpersonal expectations, for science to
deny its immense intellectual power and cultural influence to
this entire regime of common human experience would not only
be irresponsible, it would be self-c o n s t raining and ultimat e l y
lead to its own Götterdämmerung.

Imposing as this challenge of the subjective may be, the
penetration of science and technology into the forest of informa-
tion will be considerably more complicated by a second prob-
lem; namely, the demonstrated capacity of consciousness to alter
both subjective and objective elements of information. Few will
quarrel with the first half of this claim. The self-evident capabili-
ties of human consciousness to create profound subjective expe-
riences for itself and others to enjoy via art, music, litera ry
composition, or even via scientific and mathematical reasoning,

can hardly be disputed. The sublime experiences engendered by
human love and empathy qualify equally well as enhancements
of subjective information for their donors and their re c i p i e n t s .
But quantifiable alteration of the objective information content of
a physical or biological system solely by action of an at t e n d i n g
consciousness is far more difficult to demonstrate and va s t l y
m o re controversial to discuss—yet ultimately more critical in
optimally configuring our scientific re s o u rces for service and
accomplishment in the information age. It is this challenge that
motivates our own program of research, a few aspects of which
we would like to share with you in these pages.

PEAR PROGRAM
The Princeton Engineering Anomalies Re s e a rch (PEAR)

p ro g ram was formally established in the Un i v e r s i t y ’s School of
Engineering and Applied Science in 1979, for the sole purpose of
rigorous scientific study of the interaction of human conscious-
ness with ra n dom physical processes. The present laborat o ry
staff comprises a compatible mixture of theoretical and experi-
mental physicists, psychologists, and engineers, each comple-
menting particular scientific expertise with appro p r i at e
humanistic interests. Financial support has been provided by a
number of institutional and private philanthropic sourc e s ,
which also have underwritten the program’s efforts to stimulate
b roader collaborative re s e a rch on consciousness-re l ated topics
within the University and around the world via such organiza-
tions as the Princeton Human Information Processing Gro u p,
the International Consciousness Re s e a rch Laboratories, the
Academy of Consciousness Studies, the Society of Scientific
Exploration, and other less formal enterprises.

The re s e a rch agenda of the PEAR laborat o ry itself has
focused on three major areas: anomalous human/machine inter-
actions, remote perception, and theoretical modeling of con-
s c i o u s n e s s / e n v i ronment interactions. Considerable technical
literature on each of these programs has been published,2 and a
c o m p rehensive re v i ew of the re s e a rch, its contempora ry re l e-
vance, and its broader cultural implications are presented in the
book Margins of Reality.3 Here we can only offer a brief sampler
of these efforts and their major results.

Human/Machine Interactions
The basic protocol of these experiments re q u i res human

operators to attempt by anomalous means to influence the out-
put of various simple machines, each of which involves some
s o rt of ra n dom physical process. These devices are electrical,
mechanical, fluid dynamical, optical, or acoustical in character;
m a c roscopic or microscopic in scale; and digital or analog in
their information processing and feedback displays. They gener-
ate data over a broad range of rates, in formats that are theoreti-
c a l l y, or at least empirically, predictable. All are equipped with
numerous fail-safe features to guarantee the integrity of the data
and their freedom from artifact, and all can be precisely calibrat-
ed to establish their unattended statistical output distributions.

In all benchmark experiments the operators, seated in front
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of these machines (but in no physical contact with them) and
using whatever personal strategies they wish, endeavor to pro-
duce statistically higher output values, lower output values, and
baseline or unaltered output values over interspersed periods of
p re - s t ated intentions. Gre at care is taken in the experimental
design and data acquisition to preclude any form of spurious
interference with the machine operation. Therefore, any system -
atic deviation of these three data streams from one another can
only indicate the existence and scale of the sought anomalous
effect.

Over the 17- year history of the pro g ram, more than 10 0
operators have performed such experiments. These participants
h ave varied gre atly in personality, background, intellectual
s o p h i s t i c ation, and style of operation, but all have re m a i n e d
anonymous, untrained, and uncompensated for their work, and
none has claimed extra o rd i n a ry abilities before or after their
e f f o rts. Throughout, we have re g a rded these operators as
research colleagues rather than subjects of study, and no psycho-
logical or physiological tests have been attempted.

Variants of the benchmark protocols that have been
explored include whether the intended direction of effort is cho-
sen by the operator or assigned by some ra n dom indicat o r ;
whether the machine runs continuously or is initiated at inter-
vals imposed by the operator; the pace and size of the dat a
blocks; the presence or absence of feedback, and its chara c t e r ;
the number of operators addressing the machine; the distance of
the operator from the machine; and the time of machine opera-
tion re l ative to the time of operator effort. As of this writing,
some 50 million experimental trials have been performed, con-
taining more than 3 billion bits of binary information. From this
large body of results, the following salient feat u res may be
extracted4:

1. Anomalous correlations of the machine outputs with pre-
s t ated operator intentions are clearly evident. These take the
form of shifts of the distribution means that are stat i s t i c a l l y
replicable, and quantifiable in the range of a few parts in 10,000
d e v i ation from chance expectation, on the av e rage. Over the
total database, the composite anomaly is unlikely by chance to
about one part in a billion.

2. The output mean shifts achieved by the entire group of
o p e rators range smoothly over distributions that would be
expected by chance, except that the composite mean values are
shifted as specified above. No outlying values, indicative of
“superstar” performance, are found.

3. Several of the individual operator databases are suffi-
ciently distinctive and replicable in their relative effectiveness of
high, low, and baseline intentions, and in their responses to par-
ticular protocol va r i ations, to constitute characteristic “signa-
tures” of achievement.

4. Both individually and collectively, the interior structures
of the distributions of anomalous mean shifts are consistent
with a model wherein the elemental binary probability intrinsic
in each experiment has been altered from its design value of pre-
cisely one half to slightly higher or lower values, depending on

the operator, intention, and protocol.
5. The scale and character of the results are relatively insen-

sitive to the particular random device employed. In some cases,
the characteristic operator signatures are quite similar from one
device to another.

6. Although few psychological or physiological corre l at e s
have been attempted, significant differences in male and female
performance have been identified.

7. Two operators addressing a given experiment together do
not simply combine their individual achievement signat u re s ;
rat h e r, their “c o - o p e rator” results are characteristic of the pair.
Co-operators of the same sex are less effective than male/female
pairs. “Bonded” male/female pairs produce the highest scores of
any operator subsets. 

8. No learning or experience benefits are ob s e rved. To the
c o n t ra ry, operators tend to perform best over their first major
experimental sets, then decline in performance over the next one
or two sets, after which they recover better performance that sta -
bilizes to their individual values over subsequent sets. These
sequential patterns, termed “series position effects,” are reminis -
cent of switching transients occurring in many physical and bio-
logical situations. 

9. No dependence of individual or collective effect sizes on
the distance of the operators from the machine appears in the
d ata. Operators addressing the machines from thousands of
miles away produce effect sizes and characteristic signatures sim-
ilar to those that they achieve seated next to the machines in the
laboratory.

10. Experiments performed “o f f - t i m e” (ie, with operat o r s
e xe rting their intentions several hours before or after the
machines actually produce their data strings) show similar effect
sizes and internal characteristics to those performed “o n - t i m e”
(ie, with machine operation concurrent with the operators’ peri-
ods of effort).

11. Subjective re p o rts from the most successful operat o r s
speak of a sense of resonance or bond with the machine, of sur-
rendering their sense of identity to merge with the machine into
a unified system, of exchanging roles with the machine, of
“falling in love” with it, or of having “fun” with it.

From this huge array of empirical indications, it seems
unavoidable to conclude that operator consciousness is capable
of inserting information in its most ru d i m e n t a ry o b j e c t i ve
f o r m — n a m e l y, binary bits—into these ra n dom physical sys-
tems by some anomalous means, independent of space and
time.

Human/machine experiments similar to these have been
conducted at many other laboratories, with anomalous re s u l t s
c o m m e n s u rate with our ow n .5 Of particular interest to the
human health arena are those few studies that have demonstrat-
ed responses from biological substances or living organisms
e m p l oyed as the ra n dom targets of the operat o r s’ intentions.
Equally re l e vant are a small body of experiments in which the
role of the operators has been played by other than human
species (eg, chicks, rabbits, mice, etc), all of which seem capable
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of influencing random electronic processors to respond to some
biological or emotional needs.6 These results, combined with
further studies in our own program that demonstrate anomalous
responses of portable ra n dom event generator units unob t ru-
sively placed in various human group environments—such as
religious services, sporting events, professional meetings, med-
ical counseling sessions, or other convo c ations entailing some
collective emotional potential7—confirm the ubiquitous charac-
ter of these information anomalies, and broaden their potential
importance to our individual and cultural welfare.

Remote Perception
In this complementary class of experiment, the “target” is

not a physical device or process in a laboratory environment, but
a physical scene at some remote geographical location. The goal
of the human participant is not to insert information into the
target, but to extract information from it by anomalous means.
In the usual protocol, two participants are involved in any given
experiment. One, the “agent,” is physically present at the target
location, which has been selected by some random process, and
there immerses himself emotionally and cognitively in the scene,
re c o rds its characteristics on a standard check sheet, and takes
p h o t o g raphs of it. The other, the “percipient,” located many
miles from the scene and with no prior knowledge of it, attempts
to perceive aspects of its ambiance and detail, then records those
i m p ressions on the same standard check sheet in some less stru c-
t u red narrative or sketch. The agent and percipient check sheets
a re subsequently digitized, and their degree of consonance is
s c o red numerically by a variety of algorithms. The results, indica-
tive of the amount of objective information acquired by the per-
cipient, can then be arrayed in quantitative statistical format s
similar to those used in the human/machine experiments.

Several hundred such remote perception experiments have
been performed and scored, with results quite similar to those of
the human/machine experiments. 8 The overall anomalous effect
size is actually somew h at larger, but the interior stat i s t i c a l
details are qualitatively much the same, and participant-specific
c h a racteristics are again evident. Most import a n t l y, the effect
sizes are again statistically independent of the distance between
the percipient and the target, up to ranges of several thousand
miles. They, too, are independent of the time interval between
the perception effort and the agent’s immersion in the target, up
to several days, both positive and negative.

Studies such as these also have been performed elsewhere,
albeit with somew h at different protocols and scoring methods,
and sim il ar an omalous y ie ld s h ave been ob t a i n e d . 9

Un f o rt u n at e l y, there have been few controlled studies re p o rt e d
t h at employ biological systems or physiological feat u res as tar-
gets, although some psychic practitioners will claim such abili-
ties. Ne v e rtheless, from our extensive body of rigorous re m o t e
p e rception experiments we must draw a second basic conclu-
sion: human consciousness is able to extract information fro m
physical aspects of its environment by some anomalous means
that is independent of space and time. Although the information

acquired by the percipient is originally subjective in character, it
n e v e rtheless survives the transposition to an objective, digital
information form imposed by the scoring methods.

Theoretical Models
Any attempt to set forth a theoretical model to complement

such experimental data in a traditional scientific dialog is an
awesome epistemological task. Not only are the empirical effects
keenly anomalous in the present scientific fra m ew o rk, but in
their demonstrably part i c i p a n t-specific characteristics they
i n volve important subjective parameters not readily accommo-
d ated by scientific language, let alone by scientific formalism.
Beyond this, the results are inescapably hyperstatistical, ie, they
i n volve a folding of the personal and collective statistical va r i a-
tions in part i c i p a n t s’ performances with the normal stat i s t i c a l
behavior of the physical systems. Also, the series position sensi-
tivity of the results, along with the lack of superposability of
individual operator effects in co-operator experiments, imply
strong nonlinearities in the underlying mechanisms. On the psy-
chological side, a number of the empirical results indicate that
unconscious as well as conscious processes may be involved, and
v e ry little theoretical fra m ew o rk for the former is ava i l a b l e .
Finally, the demonstrated lack of dependence of the phenomena
on distance and time will strain any model rooted in classical
physical theory.

Given all of this, it is essential to approach the modeling
task at a rudimentary level. To begin, we might reiterate the four
generic ingredients that pervade all of the re s e a rch outlined
above:

• a random process or system such as a machine driven by
some ra n dom physical process, or an array of physical details
embodied in a randomly selected geographical target

• consciousness of the operators, percipients, and agents,
acting under some intention, volition, or desire

• i n f o r m a t i o n , coded in binary form, being added to, or
extracted from, the random system

• a resonance, or bond, or sharing of identity between oper-
ator and machine, percipient and agent, percipient and target,
or two operators that facilitates the information tra n s f e r
between the consciousness and the ra n dom system in some
lighthearted, game-like context

It also may be useful to note that these are just special cases
of the more general ingredients that characterize virtually any
form of creative human experience:

• an environment or context t h at provides raw material for
the creation

• a consciousness driven by some intention, purpose, or
desire

• i n f o r m a t i o n f l owing between the consciousness and the
pertinent environment

• a re s o n a n c e between the consciousness and the enviro n-
ment that nurtures the creative task, be it artistic achievement,
athletic performance, or simple creative rumination on any sub-
ject
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In other words, the narrow range of consciousness-re l at e d
anomalous phenomena we have been studying may be an indica-
tive microcosm of a much broader genre of human capacity—
the capacity to create, to order, or to heal. Thus, in attempting to
model our empirical data, we may in fact be modeling the
essence of human creative experience.

On the basis of our earlier crude catalog of the science of
information, it follows that any model we erect to represent con-
sciousness must encompass all four quadrants of its active and
proactive, objective and subjective interactions with the physical
world. Substantial bodies of established theory addressing some
elements of this matrix exist, but unfortunately they do not com-
municate well with one another, and they leave major gaps in the
coverage. For example, modern science is replete with objective,
reactive models of the physical world, most of which have been
well confirmed empirically. For our purposes, the formalisms of
s t atistical mechanics, information theor y, and quantum
mechanics seem most apt, and we indeed invoke them heavily in
our model. Objective models of consciousness also abound in
the regimes of cognitive psychology and neuroscience, albeit in
less precise formats than their physical counterparts, and some
re f e rence to these also can prove useful. But on the subjective
side of the matrix our re s e rvoirs of established models stand
very shallow. Physical science has virtually nothing to say about
subjective experience and, with the possible exception of the
ob s e rvational interpre t ations of quantum mechanics, acknow l-
edges no proactive role for human participants. The situation is
little better in the psychological and neurophysiological sectors,
w h e re subjective and proactive aspects of the psyche have sel-
dom been tre ated in other than vague qualitative terms. One
might hope that the troubled history of scholarly parapsycholo-
gy or the clinical practice of psychiatry might contain some use-
ful empirical experience, conceptualization, and nomenclat u re ,
but quantitative modeling has ra rely been attempted in either
field. Thus, our theoretical task becomes much more than rede-
p l oyment of established models; major increments in concept,
as well as in structure, will be required.

Ve ry briefly, our strategy has been to appro p r i ate the one
form of existing physical theory that acknowledges human
ob s e rvation, however ob l i q u e l y — n a m e l y, the so- c a l l e d
“Copenhagen” interpre t ation of quantum mechanics—and to
extend its concepts and formalisms to include consciousness
much more broadly and explicitly. We thereby attempt to extend
w h at has been termed the “physics of ob s e rvation” into a
“physics of experience.” The main postulates of this model,
which are developed in detail in the re f e re n c e s ,3, 10 m ay be sum-
marized:

1. Like elementary particles (a form of matter) and physical
light (a form of energy), consciousness (a form of informat i o n )
e n j oys a wav e / p a rticle duality that allows it to circumvent and
p e n e t rate barriers and to re s o n ate with other consciousnesses
and with appropriate aspects of its environment. Thereby it can
both acquire and insert information, both objective and subjec-
tive, from and to its resonant partners, in a manner that would

be anomalous to its “particulate” representation.
2. The celebrated quantum mechanical principles of “uncer-

t a i n t y,” “e xclusion,” “c o r respondence,” “c o m p l e m e n t a r i t y, ”
“superposition,” “indistinguishability,” etc—all of which are
inexplicable in classical scientific terms—are at least as chara c-
teristic of the consciousness as of the physical systems and
processes with which consciousness interacts. Manifestations of
these transposed “consciousness principles” can readily be noted
in a broad range of human activities and relationships.

3. The traditional objective pro p e rties and coord i n ates of
physical theory—distance, time, mass, charge, momentum,
e n e r g y, and so on—can be generalized to encompass corre-
sponding subjective concepts, of which the objective versions are
just special cases, more rigidly defined for analytical purposes.

4. The composite theory is not a model of consciousness
per se, nor of the physical world; rather, it is a model of the expe-
riential products of the interpenetration of an otherwise inef-
fable consciousness into an equally ineffable enviro n m e n t a l
surround.

Using such a perspective and vo c a b u l a ry, it is possible to
erect various consciousness “structures” and interactions, using
essentially the same formalistic approach as does quantum
physics. For example, consciousness “atoms” may be assembled
wherein the experiences of an individual are represented by pat-
terns of standing waves, akin to the bound electronic configura-
tions of the hyd rogen atom. With these consciousness at o m s
thus defined, their combination into consciousness molecules
m ay also be undertaken. This bonding process, which is classi-
cally inexplicable even in physical situations, is a part i c u l a r l y
illuminating format for representation of the anomalous opera-
tor/machine and percipient/target interactions described earli-
e r,  and for bro ad er  comprehe nsion of  ma ny ot her
c o n s c i o u s n e s s - re l ated phenomena as well. For example, in the
physical regime, when the wave patterns of the valence electrons
of two atoms come into close interaction, they cannot be distin-
guished in any observable sense. This loss of identity or informa-
tion, when properly acknowledged in the quantum mechanical
formalism, leads to an “exchange energy” that is the basis of the
molecular bond. (This process is an excellent example of the
e q u i valence of energy and information mentioned earlier.) Our
metaphor would thus predict that an individual consciousness
immersed in a given environmental situation would sustain a set
of characteristic experiences.

A second individual, exposed to the same situation, would
manifest a different set of experiences. How e v e r, if these two
consciousnesses were strongly interacting, their experiential
w ave patterns would become resonantly intertwined, re s u l t i n g
in a new pattern of standing waves in their common enviro n-
me nt.  As  demonstrated in the co-operator experiments
described earlier, these “molecular” experiences may be quite
different from the simple sum of their “atomic” behaviors, and if
we insist on comparing them with such, they will appear anom-
alous. In their own properly constituted molecular context, how-
ever, they are quite normal and, in principle, predictable.
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Even our individual operator/machine effects may be
addressed in this fashion if we are willing to concede some form
of “consciousness” to the machine—in the sense that it, too, is a
system capable of exchanging information with its environment.
Thus, a bonded operator/machine system should not be expect-
ed to conform to the isolated operator and isolated machine
b e h aviors, but to establish its own characteristic behav i o r.
Viewed as an influence of one system (the operator) upon anoth-
er (the machine), the empirical results are inexplicable within
the canonical behaviors of the isolated systems; viewed as a
process of wave-mechanical resonance between two components
of a single interactive system, they behave quite appro p r i at e l y.
O t h e rwise put, the surrender of subjective identity implicit in
the human/machine bond is manifested in the appearance of
objective information on the digital output string; the entropy of
t h at string has literally been reduced by its involvement with a
human consciousness.

Such a model can also be applied to the remote perception
effects in terms of a resonant bond between the percipient and
the agent that enables the “a n o m a l o u s” acquisition of informa-
tion about the pre vailing physical target environment in which
both are emotionally immersed. Alternat i v e l y, one might pose
the “molecular bond” between the percipient and the target
scene, with the agent assigned the role of establishing a facilitat-
ing environment for the anomalous communication between the
two. In either representation, the merging of subjective identities
again enables the transfer of objective information, in this case
manifesting as a coherence between the agent and perc i p i e n t
response forms.

This concept of resonance as a mechanism for introducing
order into random physical processes may also be a viable model
for comprehending other equally “anomalous,” if somewhat less
provocative, processes such as artistic, intellectual, or biological
creativity; or human trust, hope, or affection. That is, the essen-
tial mechanisms of these processes may devolve from the same
principle of indistinguishability, whereby the surrender of infor-
m ation distinguishing the two interacting subsystems within a
single complex system translates into an increment in the struc-
t u ral strength of the bonded system. Thus, when the perc e i v e d
boundary between consciousness and its environment is perme-
ated via subjective merging of the “I” with the “Not I,” the resul-
tant bonded system may manifest alterations in both the
physical environment and the consciousness in some consequen-
tial way. If this resonance entails a volitional or intentional com-
ponent, be it conscious or unconscious, the bonded system will
reflect that intention in a manner unique to the particular “mole-
cule.” Our experimental results suggest that, whereas the scales
of these effects may be marginally small and impossible to iden-
tify on a trial-by-trial basis, they nevertheless can manifest in sig -
nificant probabilistic trends accumulated over large bodies of
experience.

From all of this emerges the intriguing possibility that what
we denote as “c h a n c e” behavior in any context, rather than
deriving from some ultimately predictable, fully mechanistic

b e h avior of a deterministic physical world, is actually some
immense subsumption of a broad distribution of potentialities
reflective of all possible resonances and intentions of conscious-
ness with respect to the system or process in question. Sir Arthur
E d d i n g t o n11 p roposed the possibility in only slightly differe n t
terms:

It seems that we must attribute to the mind power not
only to decide the behaviour of atoms individually but to
affect systematically large groups—in fact to tamper with
the odds on atomic behav i o u r.… Unless it belies its name,
p robability can be modified in ways in which ord i n a ry
physical entities would not admit of. There can be no
unique probability attached to any event or behaviour; we
can only speak of “probability in the light of certain given
i n f o r m ation,” and the probability alters according to the
extent of the information.

IMPLICATIONS FOR HEALTH
What has all this to do with the third element in our title—

human health? Without question, the most magnificent of all
i n f o r m ation acquisition, processing, and generation systems is
the human consciousness. It handles both objective and subjec-
tive information with an elegance and sophistication that no
c o n t e m p o ra ry data processor or controller can appro a c h .
L i k ewise, the most magnificent of all communication and
response systems is the human physiology. From its most basic
atomic and molecular stru c t u re, through its DNA and RNA
m a c romolecules, to its pro l i f e rate physical, chemical, and bio-
logical networks, it handles all manner of objective and subjec-
tive information via a plethora of processes that inva r i a b l y
i n volve certain ra n dom components. Many physiological mal-
functions and diseases including allergies, the HIV spectru m ,
c a n c e r, and various neurological aberrations are directly at t r i b-
utable to some “disorder” of such simple and complex informa-
tion processors. When functioning pro p e r l y, how e v e r, both the
consciousness and the physiological corpus are past masters at
exchanging information with their external environments, allow-
ing themselves to learn from, and adjust to, the latter.

But doubtless the most intimate of all systemic resonances
is that between the physical body and its associated conscious-
ness, given how heavily each is committed to the other for suste-
nance, safety, and challenge. Through an amazing array of
hard-wired, soft-wired, and—in all likelihood—wireless connec-
tions and activators, the mind and body have elaborate options
for guiding, protecting, and providing for each other to the high-
er welfare of the whole. The most primordial of needs—to eat ,
s l e e p, survive, and pro c re at e — do m i n ate the limbic brain and
propagate throughout the basic organism. But also various sub-
tler health aspirations—to be strong, attractive, alert, and intelli-
g e n t — a re physiological drivers imposed by conscious or
subconscious volition on its compatriot corpus.

If, as we have demonstrated, consciousness, via its ow n
e x p ressed desire, can bring some degree of order into a simple
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random string of ones and zeros emerging from a rudimentary
e l e c t ronic machine, is it so unreasonable to suspect that it can
i n voke similar, or subtler, processes to influence the far more
e l a b o rate, re l e vant, and precious information processing sys-
tems that underlie its own health?

If we accept this proposition, what then are the re q u i s i t e
strategies for activation of the process? Once again, the four criti-
cal ingredients are available to us: (1) the consciousness, now
a d d ressing, with volition, (2) its own physical body, or that of
another partner, into which it instills (3) some form of beneficial
i n f o r m ation or order via (4) an appro p r i ate resonant bond. It
thus remains only to specify and achieve this last criterion, the
a p p ro p r i ate resonant bond, that enables the anomalous infor-
m ation tra n s f e r. This issue was debated at some length in
Margins of Reality, converging onto the following recipe:

To achieve such bonds, whether in physical or conscious-
ness space, it is first necessary to acknowledge that there are
distinct partners. That distinction established, however, the
individual identities must then be at least partially sur-
re n d e red to a bonded state if the exchange energy is to be
a c t i vated. Thus, successful strategy for anomalies experi-
m e n t ation involves some blurring of identities between
o p e rator and machine, or between percipient and agent.
And, of course, this is also the recipe for any form of l o ve :
the surrender of self-c e n t e red interests of the partners in
favor of the pair.3(p343)

L o ve ! Even by the most rigorous scientific experimentation and
analytical logic, it appears that we have come upon nothing less
than the driving force of life and of the physical universe: Love,
with a capital L—the same ov e ra rching force of cre ative exis-
tence long recognized in virtually every other scholarly disci-
pline and in every other cultural age; the same force heralded by
the philosopher Rollo May12 (“For in every act of love and will—
and in the long run they are both present in each genuine act—
we mold ourselves and our world simultaneously”) and by the
incomparable theologian Teilhard de Chardin13 (“Someday, after
we have mastered the winds, the waves, the tides and gravity, we
shall harness for God the energies of love. Then for the second
time in the history of the world, man will have discovered fire”).
It is the same force that St John names in his first Letter: “God is
L ov e”14 (which, in our scientific context, appears to be equally
valid when stated in the reverse order).

The entry of this fourth currency of Love into the scientific
exchequer may at first seem radical and revolutionary, but even
h e re we find some ra re earlier hints of the same universal
insight, none better than that of Prince Louis de Bro g l i e ,15 c o n-
s u m m ate scientist, renaissance man, and pat r i a rch of modern
physics:

If we wish to give philosophic expression to the profound
connection between thought and action in all fields of
human endeavor, particularly in science, we shall undoubt-

edly have to seek its sources in the unfathomable depths of
the human soul. Perhaps philosophers might call it “lov e”
in a very general sense—that force which directs all our
actions, which is the source of all our delights and all our
pursuits. Indissolubly linked with thought and with action,
l ove is their common mainspring and, hence, their com-
mon bond. The engineers of the future have an essential
part to play in cementing this bond.

I doubt that de Broglie would have hesitated to apply this
e x h o rt ation to the healing professions as well, or to each of us
individually who yearns for greater physical, mental, and spiritu-
al health. Careful application of scientific knowledge and rigor of
method, within a permeating atmosphere of “love in a very gen-
e ral sense,” is a pow e rful plan for re l ating thought to action in
any technical arena, not least of all the arena of health. In
essence, then, the scientific message is this:

In loving ourselves, we can heal 
ourselves. In loving the world, we 
can heal the world.
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The following brief description of the Princeton Engineering Anomalies Re-
search (PEAR) Remote Perception program has been prepared at the invita-
tion of the Editor1, in order to augment this special report section of the Jour-
nal with information about another substantial database of experiments
relevant to those of SRI and SAIC. Given Utts' attention to the importance of
replication (Section 3.4), and Hyman's challenge of interlaboratory consisten-
cy (Point #3 of his Introduction and Point #2 of his "Suggestions for Future
Research"), we submit that the PEAR program has obtained the largest extant
body of experimental data that meets their criteria for interlaboratory replica-
tion. In point of fact, both the PEAR remote perception program, and the prior
studies of Dunne and Bisaha on which it was originally based, were undertak-
en as formal replications of the SRI experiments of Puthoff and Targ.

Although the PEAR program has accumulated several hundred experimen-
tal trials, its primary goal has been to develop a sophisticated analytical judg-
ing methodology to replace the human judging process, and thereby to facili-
tate more precise quantitative assessment of results and their correlation with
various experimental parameters. In our basic procedure, the "free response"
of the percipient is encoded using a list of 30 binary descriptor questions, al-
lowing algorithmic comparison with the target, similarly encoded by the agent
at the scene. For randomly assigned targets, further comparison can be made
with an encoding by the person who prepared the target pool. The analysis
proceeds by constructing a square matrix of scores calculated by comparing
each perception against all targets in the given dataset. The properly matched
trials (on the main diagonal of the matrix) can be assigned statistical merit by
comparison with the distribution of off-diagonal, mismatched scores, which
has sufficiently Gaussian characteristics to allow robust parametric statistical
tests.

Beyond the primary experimental question of the degree of anomalous ac-
quisition of information, several other issues have been explored, among them
the correlation of analytical and human judge scores, the efficacy of different
scoring algorithms and descriptor sets, ex post facto vs. participant encoded
descriptions, agent chosen versus randomly assigned targets, single vs. multi-

1 Editor's Note: To be followed by a detailed, peer-reviewed article in the future.
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ple percipients, variations among individual agent and percipient pairs, and
the relationship of scores to the distance and time intervals separating the per-
ception and the target.

The results in all phases of this experimental program are quite consistent
with those of their SRI predecessors and with the more contemporary SAIC
studies. Overall they show average effect sizes well within the range described
by Utts (Sections 3.4, 4.2, and 4.3). For example, for the entire 336 trials com-
prising the formal PEAR database, the effect size (composite Z-score normal-
ized by the square root of the number of trials) is 0.347 ± 0.055. When these
are separated into randomly assigned vs. volitionally chosen target subsets,
the 125 randomly assigned targets show an effect size of 0.516 ± 0.089, and
the 211 volitional targets an effect size of 0.244 ± 0.069. Assessment of indi-
vidual performance indicates that the overall yield is an accumulation of small
contributions from the majority of the participant pairs, rather than from a
few outstanding efforts.

Among the more interesting findings is parametric evidence that the degree
of anomalous information transfer is unaffected by spatial and temporal sepa-
rations. Regression modeling indicates a significant mean shift, but no evi-
dence for a decline of scoring with increasing distance, up to several thousand
miles. Similarly, there is no evidence that scoring is related to positive or neg-
ative temporal separations of the perception effort and the target visit, up to as
much as a few days. The precognitive subset of these data, consisting of about
75% of the independent trials, seems particularly important to the postulation
of viable theoretical models, and has been emphasized throughout.

Thus, these databases, comprising one of the largest accumulations of rele-
vant experiments performed under consistent and well controlled experimen-
tal protocols, have already provided robust evidence that the findings in the
SRI/SAIC Remote Viewing experiments can be replicated in independent, but
essentially similar designs. For more details, consult the following references:

Dobyns, Y. H., B. J. Dunne, R. G. Jahn, R. D. Nelson (1992). Response to Hansen, Utts, and
Markwick: Statistical and methodological problems of the PEAR remote viewing experi-
ments. J. Parapsychology, 56, 2, 115.Dunne, B. J. and J. P. Bisaha (1979). Precognitive re-
mote viewing in the Chicago area: a replication of the Stanford experiment. J. Parapsycholo-
gy, 43, 1, 17.

Dunne, B. J., R. G. Jahn, R. D. Nelson (1983). Precognitive remote perception. PEAR Tech. Re-
port 83003.

Dunne, B. J., Y. H. Dobyns, and S. M. Intner (1989). Precognitive remote perception III: Com-
plete binary database with analytical refinements. PEAK Tech. Report 89002.

Jahn, R. G. (1982). The persistent paradox of psychic phenomena: An engineering perspective.
Proceedings IEEE, 70, 2, 136.

Jahn, R. G. and B. J. Dunne (1986). On the quantum mechanics of consciousness, with applica-
tion to anomalous phenomena. Foundations of Physics, 16, 8, 721.

Jahn, R. G. and B. J. Dunne (1987). Margins of reality: The role of consciousness in the physical
world. New York, Harcourt Brace.

Jahn, R. G., B. J. Dunne, R. D. Nelson (1987). Engineering anomalies research. Journal of Scien-
tific Exploration, 1, 1, 21.

Jahn, R. G., B. J. Dunne, E. G. Jahn (1980). Analytical judging procedure for remote perception
experiments. J. Parapsychology, 44, 3, 207.
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Abstract — A previous paper by the author (Dobyns, 1993) on this topic
mistakenly fails to account for nonindependence in certain test measures,
leading to exaggerated conclusions. An analysis that avoids this problem
produces weaker statistical evidence, although the qualitative conclusions of
the earlier analysis are sustained.1

I. Background
A private communication from Jessica Utts called my attention to a difficulty
in my previous article on the selection model for remote REG experiments
(Dobyns, 1993). The problem appears on p. 265, immediately following for-
mula (6): "The aggregate likelihood of the hypothesis over all three intentions
may be calculated by repeating the individual likelihood calculation for each
intention..." Unfortunately, while the Bernoulli formula used in eqs. (5) and
(6) correctly accounts for the constraint equations governing populations and
probabilities within an intention, it fails to account for the nonindependence
induced by the further constraint conditions (see Section III below) operating
between intentions. The alternative formulation discussed later in the same
paragraph fails for the same reason; while the roles have been switched, the
formula is still correcting for one set of constraints and ignoring the other.
Since the component likelihoods do not derive from independent events, the
aggregate likelihood formed by multiplying them is in error.

The conclusion might be salvaged by deriving a correction factor for the ef-
fects of nonindependence, but with the raw data readily available, it seems
more productive to reformulate the analysis in such a way as to avoid the non-
independence problem entirely.

II. A Brief Reprise: Selection and Influence Models
For the current article to stand alone, a brief discussion of terms and experi-

mental background seems necessary. The experimental database considered
comes from remote experiments using a Random Event Generator (REG), a

1 I am indebted to Jessica Utts for her detection and communication of the error in the earlier analysis.
The Engineering Anomalies Research program is supported in part by grants from the Fetzer Institute,
Laurance S. Rockefeller, and Helix Investments.
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device which records digitized random output from a noise diode or other
source. In these remote experiments, operators distant2 from the device at-
tempt to alter the machine's mean output level. These experiments are tripo-
lar; each remote session comprises three consecutive runs started at twenty-
minute intervals, with the operator attempting to increase the mean output
level in one of the runs (H intention), decrease it in another (L intention), and
leave it unaltered in a third (B intention). Each of these runs consists of 2 x l05

binary random samples collected as 1000 sums of 200 bits each. Because of
the lack of contact between operator and device, it can plausibly be proposed
that the observed experimental effect derives not from an actual change in the
output, but from judicious choice of intentional labeling to correspond with
the random outputs of an undisturbed device generating tripolar sets. This type
of effect could constitute a genuine anomaly, in which operators by some as-
yet-unknown and probably unconscious means acquire information about the
run outcomes and choose their intentions to suit, or it could represent a break-
down of the experimental controls in which operators somehow learned of the
run outcomes before reporting their intentions. Regardless of the details, any
model in which the effect is achieved by selecting the intention ordering to fit
otherwise unmodified output can be considered a selection model. In contrast,
an influence model assumes that any observed effects are due to actual differ-
ences in the machine's performance under different intentional conditions. It
should be noted that this analysis does not, strictly speaking, address the ques-
tion of whether there is in fact an effect; it aims at distinguishing the origin and
nature of an effect if one is present. The reality or otherwise of the effect has
been discussed elsewhere (Dunne and Jahn, 1992).

III. Redefined Rank Frequency
The 1993 paper uses the term rank frequency to refer to the frequency with

which a given intention possesses a given ordinal rank within its tripolar set.
Since each run within a tripolar set has a definite rank and must also be as-
signed a definite intention, there are nine rank frequencies, which can most in-
telligibly be arrayed in a 3 x 3 matrix of intentions versus ordinal ranks. The
dual constraints of one of each rank, and one of each intention, in each tripolar
set, manifest as a set of five independent constraint equations on these nine
matrix elements. (Actually, there are six constraining conditions, one on each
row and column of the matrix; however, any one of the six equations may be
expressed as a linear combination of the other five, and thus eliminated.)

The nonindependence problem can be avoided by formulating the problem
in terms of tripolar sets, rather than individual runs. There are just six distinct
ways in which three nonidentical run outcomes can be assigned to the three in-
tentions under the protocol constraint that each tripolar set contains exactly

2Distant is here taken to mean that the operator-device separation is at least on the order of a mile and
frequently ranges up to hundreds or thousands of miles. Further details of the remote experiments can be
found in Dunne and Jahn, 1992.
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one instance of each intention. If we consider the frequency with which tripo-
lar sets appear in each of these possible configurations, we are clearly examin-
ing a single set of six exhaustive and mutually exclusive alternatives, rather
than three correlated sets of three such alternatives; the nonindependence
problem that corrupted the previous analysis then becomes irrelevant. The re-
mainder of this analysis shall be cast in terms of these frequencies of the six
possible tripolar rankings. (Note that these "rank frequencies" are thus de-
fined differently than in the 1993 paper.)

Where individual identification is necessary, rank frequencies will be la-
beled by the intentional subscripts assigned to the highest, middle, and lowest
run of the set, respectively. Thus pHBL refers to the frequency of appearance of
the "correct" tripolar labeling in which the highest run is assigned to the high
intention and the lowest to the low intention; pBLH refers to the frequency of
tripolar sets in which the highest run is labeled a baseline, the middle run a low,
and the lowest run a high; and so forth. The key to the analysis is that influence
and selection models predict different functional relationships between the
rank frequencies and the distribution statistics of the observed data.

IV. Observational Database
As noted in the 1993 paper, the database comprises 494 tripolar sets. Four of

these sets contain ties between intentions, a consequence of the discrete nature
of the experiment but not one that can readily be dealt with in this continuous
formalism. They may be discarded without appreciably altering the statistics.
The overall bit-level deviations from expectation in the remaining 490 sets
show the following means and standard deviations:

Intention

H
B
L

TABLE 1
Bit Deviations

Mean

32.81
5.578
2.102

Std Dev

225.5
212.5
217.6

The theoretically expected distribution for these bit deviations is normal with a
mean µ = 0 and standard deviation s = 223.6.

However, to conduct an analysis against a selection model one must normal-
ize the data, not by their theoretical distribution, but by the empirical mean
and standard deviation of the pooled data themselves. This is necessary to
avoid improper prejudice against the selection model. This model assumes the
process is applied to µ = 0, s = 1 normal data, and its predictions necessarily
have the property that if the three intentions are combined into a single collec-
tive pool, the aggregate will have µ = 0, s = 1. The influence model, on the
other hand, is indifferent to a uniform linear transformation applied to all of
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the data. Another way of understanding this consideration is to say that the se-
lection model, at least as regards means and variances, predicts the relative
status of the intentions within the aggregate database, rather than their ab-
solute status under the machine's theoretical output.

So, when the raw data are normalized to have an overall mean of 0 and stan-
dard deviation of 1 across all three intentions, the results are:

TABLE 2
Normalized Statistics

Intention

H
B
L

Mean

0.0883
-0.0362
-0.0521

Std Dev

1.0304
0.9707
0.9941

Skew

-0.1339
0.1005
-0.1803

Krt.
-0.0697
0.1481

-0.4903

Table 2 has included the higher moments that will be used in statistical evalua-
tions. These have the same values for the non-normalized data, since they are
unaffected by linear transformations. The observed rank frequencies are:

TABLE 3
Rank Frequencies

Rank Order N (out of 490) Observed p

HBL 92 0.188
HLB 88 0.180
BHL 80 0.163
BLH 79 0.161
LHB 87 0.178
LBH 64 0.131

The quoted values for p have a one-s statistical uncertainty of ±0.017, due to
the number of observations.

V. Inferences from Models
The influence model treats the distribution data in Table 2 as primary; the

expected rank frequencies can be calculated from these distribution statistics
through a straightforward if tedious process of numerical integration. The se-
lection model, on the other hand, treats the rank frequencies of Table 3 as pri-
mary, and allows distribution statistics to be calculated from them. It is not,
however, immediately obvious how one may interpret the results of such cal-
culations. In the one case the prediction generates a set of distribution statistics
to be compared with the observation; in the other, a set of rank frequencies is
predicted. It is not clear how one may construct a single goodness-of-fit para-
meter that can be applied in both cases to compare the relative merits of the
two hypotheses. The previous work avoided this problem by inverting the
functional dependence of the selection model calculations (the integrals in-
volved in the influence model are not readily invertible), allowing a calculation
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from distribution statistics to rank frequencies for both models. This allowed a
direct comparison of rank frequency predictions between the two models. Un-
fortunately, the redefined rank frequencies in Table 3 are not amenable to such
functional inversion for the selection model; the relevant equations are nonlin-
ear in the rank frequencies, and admit of multiple solutions for a given set of
distribution statistics.

In the absence of a clear theoretical model for a goodness-of-fit comparison,
it is nonetheless possible to determine the goodness of fit for each model em-
pirically via a Monte Carlo procedure. This not only establishes each model's
ideal predictions for the input data, but also directly determines the distribu-
tion of variations in the predictions, making it possible to test each model's fit
to the observed data without the need for a functional inversion to create com-
parable predictions. As an added bonus, using the actual data in the Monte
Carlo process assures that the real characteristics of the data are being account-
ed for to exactly the degree that they are statistically established, without any
risk that simplifying assumptions in a theoretical model3 are distorting the pre-
dictions.

VI. Monte Carlo Algorithms

Selection by Monte Carlo
The selection model assumes that the data are the result of a selection proce-

dure applied to the extant tripolar sets. A certain proportion of them are cor-
rectly identified as to their ordinal rank, with the highest run labeled H, the
lowest labeled L, and the middle run labeled B. Likewise varying proportions
of the tripolar sets, as detailed in Table 3, are "mislabeled" to various degrees
of inaccuracy.

The question we ask of the selection model may be expressed thus: Given
the 490 tripolar sets made available for the selection process, and given also
the rank frequencies of Table 3 as the definition of the efficiency of the selec-
tion process, how likely are the observed statistics of the three intentional dis-
tributions? The question, thus phrased, is in itself nearly a specification of the
desired Monte Carlo algorithm. First, we internally sort the tripolar sets so
that, for each set, we can identify its highest, lowest, and midmost element. We
then randomly choose 92 of the 490 to receive the "correct" HBL labeling; we
assign the HLB labeling (highest run labeled H and lowest labeled B) to 88 ran-
domly selected sets out of the remaining 398; and so forth. Once the sets have
been distributed among the six possible intentional labelings according to the
population figures in Table 3, we find which runs have been assigned to each
of the three intentions and calculate intentional distribution statistics accord-
ingly. Finally, we repeat the whole process many times, and see how the actual
twelve-element matrix (mean, standard deviation, skew, and kurtosis for each

3As, for example, the assumption of normality in an influence model integration.
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of three intentions) of intentional statistics compares to the distribution of
many such matrices calculated in the Monte Carlo process.

Influence by Monte Carlo
For the influence model, the question is: How likely is the observed set of

rank frequencies, given the observed statistics of high, low, and baseline runs?
Here, the procedure is to preserve the intentional identity of each run and to
scramble the tripolar sets. A new group of 490 tripolar sets is created by ran-
domly drawing (without replacement) one each from the high, baseline, and
low datasets, until the data are exhausted. The rank frequencies of this re-
arranged dataset are then calculated and recorded. This process is then iterated
to build up an empirical distribution of rank frequency predictions.

VII. Goodness of Fit: The Empirical Distance Parameter
To compare the single set of observational values with the distributions gen-

erated by the Monte Carlo procedure, it is simplest to regard the set of numbers
as defining a single point in a multidimensional space. For the selection
model, which generates twelve statistical measures, the parameter space is
twelve-dimensional;4 for the influence model, which produces six rank fre-
quency predictions, the space is six-dimensional. Once we start thinking in
terms of a spatial representation of the data format, however multidimension-
al, it becomes quite natural to think of summarizing the many differences be-
tween (say) any two Monte Carlo outcomes by the distance between two
points in these many-dimensioned spaces.

This parameter distance presents the ultimate key to quantifying the ques-
tion of whether the observed values are "like" or "unlike" the predictions
emerging from the Monte Carlo calculation. For each model, we calculate the
centerpoint of the distribution of Monte Carlo outcomes by taking the mean
value of each "coordinate." We can then calculate the distribution of parame-
ter distances from all of the individual Monte Carlo outcomes to this center-
point, and compare this distribution to the distance between the Monte Carlo
centerpoint and the observed data. Figure 1 demonstrates the application of
this concept in a readily visualizable parameter space of 2 dimensions. The
scatterplot shows 500 points generated with a Gaussian radial density

p(x,y) oc e-r'12 = e-(x2+y2)/2.

(Note that this is equivalent to independent variations on both the x and y

4Actually, the two constraints on mean and variance imposed by the selection model confine the
points to a ten-dimensional hypersurface in the twelve-dimensional space. This is automatically handled
correctly by the empirical treatment, since the normalized observational data obey the same constraint.
A similar dimensional reduction, caused by the constraint Ep = 1, applies to the rank frequency calcula-
tion; again, the use of an empirical distribution obeying the same constraint instead of a theoretical cal-
culation dependent on the number of dimensions used automatically compensates for this problem with-
out any need for explicitly taking it into account.
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Fig. 1. The distance problem in two dimensions.

axes). The center of the distribution is marked with a filled circle; a few radial
lines from the centerpoint to some of the individual points are shown. Also
shown is the radial line to an arbitrarily chosen point x = 2, y = -0.5 marked by
a diamond. If the statistics of the scattered points were not known a priori we
could construct a statistical test for the likelihood that the diamond is an ordi-
nary member of the distribution by comparing its radial distance from the col-
lective centerpoint with the distribution of all other radial distances such as the
examples shown.

Axis Normalization
An extra complication appears in the Monte Carlo distribution of selection-

model statistics, since the various statistical measures calculated are not equal-
ly stable. This requires that the distance measure be normalized, as shown in
Figure 2.

This figure shows two dimensions from an actual sequence of 500 Monte
Carlo selection model runs, specifically plotting the baseline skew against the
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baseline standard deviation. Again, the individual runs are plotted by points
and the center of the distribution is shown by a filled circle. Figure 2a shows
the distribution in absolute units; it is evident that the skew is intrinsically
more variable than the standard deviation, as expected from first principles.
The density contours are elliptical rather than circular in these two dimen-
sions; the dotted ellipse is an approximate contour. The solid circle, with two
points marked, shows why the distance calculation needs to normalized for
such cases. Although all points on the circle clearly share the same distance r
from the center of the distribution, it is obvious that the point marked by a
filled diamond is fairly typical of the distribution, while the point marked by a
circle and crosshairs is extremely atypical. Since both typical and extreme
points can share a common radius, the non-normalized radius is clearly not an
adequate representation of how well a given point fits the distribution. For il-
lustration, the open circle connected to the distribution centerpoint by a radial
line shows the values of these two parameters in the observed data.

Figure 2b shows the effect of normalizing, in this case by amplifying all lat-
eral distances by a suitably chosen scale factor. (The same scale is used on the
x-axis for display purposes, and no longer reports the actual standard deviation
value of the plotted runs.) We can see that the density contours are now ap-
proximately circular and that two points at the same distance r are in compara-
ble regions of the distribution, regardless of their angular position. The rescal-
ing has shifted the position of the observed data point as well as of the
individual Monte Carlo outcomes; its renormalized radius is now suitable for
comparison with the renormalized radii of the individual Monte Carlo out-
comes as discussed with the example of Figure 1.

VIII. Conclusions from Monte Carlo
To evaluate the two models, 105 iterations of Monte Carlo were run for each.

The distances of individual Monte Carlo runs from the aggregate population
centerpoints were calculated and binned to establish the probability density of
the distance parameter for each model. The results are shown graphically in
Figure 3. The raw bin populations are shown by the scatterplot of crosses; a
smoothed version is illustrated by a continuous line. The position of the actual
observed data on the distance scale is shown by a labeled vertical spike. It is
quite evident that the actual data fall moderately far out on the tail of the se-
lection model's distribution of predictions (top graph in Figure 3), while they
are quite close to the peak of the distribution of predictions from the influence
model (lower graph in Figure 3). The tail-area p-value can be calculated quite
directly simply by counting the number of runs in the upper tail for each
model, that is, the fraction of the Monte Carlo runs that are more unlike the av-
erage prediction than the observation. For the selection model, this p-value is
0.0296 ± 0.0005 (the uncertainty quoted is the statistical one-s error in estab-
lishing a binomial probability from 105 observations). For the influence
model, on the other hand, p = 0.347 ± 0.002. Thus, by a standard p = 0.05 sig-
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Fig. 2. Why normalization is needed.

nificance criterion, the predictions of the selection model can be distinguished
from the structure of the observed data, whereas the predictions of the influ-
ence model cannot. Or, to express the consequences of the Monte Carlo analy-
sis more directly: When influence is assumed, and the existing data distribu-
tions are used to construct rank frequencies, the result is statistically
indistinguishable from the actual data. In contrast, when selection is assumed,
and the existing rank frequencies and tripolar sets are used to construct data
distributions, the result is statistically distinct from the actual data structure.
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IX. Theoretical Concerns

The Nelson Problem
R. D. Nelson, in private communication, outlined a possibility for the selec-

tion process that would increase the difficulty of data interpretation by at least
an order of magnitude.

The current analysis presumes that the hypothetical selection by the opera-
tor is purely qualitative. It is assumed, for that model, that the operator has
some erratic ability to discern which of the three run means is highest (or low-
est, etc.). What if the efficacy of such an ability is conditioned by the distinct-
ness of the runs? To draw a visual analogy, it is clear that humans can distin-
guish two different primary colors under much more adverse conditions than
two lightly contrasting shades of beige. It does not seem unreasonable a priori
that if the human participants have some ability to distinguish and sort among
the experimental runs, they could more readily distinguish a (normalized) split
of ± 3 between two intentions than one of ± 0.001.

If the rank frequencies are data-dependent, the problem of predicting the ex-
pected selection distributions from them becomes very much harder. For one
thing, the observed rank frequencies are already somewhat uncertain, simply
due to the limited number of observations available to characterize them. If
the additional dimension of variation with regard to run mean is added, we
have no hope of being able to characterize their variation on the basis of the
data, and would have to assume a model for such variation. Furthermore, even
given a model, the calculation of expected statistics from such variable rank
frequencies becomes quite intractable.

Fortunately, the proposition of data-dependent rank frequencies is
amenable to a direct test, or rather, to several. It is necessary first to quantify
the degree of accuracy an operator displays in making a particular assignment
of intentions to a tripolar set. Clearly, there is some sense in which the "HBL"
assignment is "completely right" and the backwards "LBH" assignment is
"completely wrong," but how should intermediate assignment orders be
ranked? There are three binary decisions that can be made in evaluating the
relative rankings of a tripolar set: Is the H run higher than the B? Is the B run
higher than the L? Is the H run higher than the L? (It should be noted that these
three decisions are not independent, but this is irrelevant to the analysis.) If we
define an accuracy index by the number of these conditions that are satisfied
by a given set, we find that a set in the HBL order has an accuracy index of 3,
while a set in the LBH order has an index of 0. For the other four orderings,
both HLB and BHL have an index of 2, while both BLH and LHB have an
index of 1. Since, in each case, there is no obvious qualitative way in which
one of the two rankings with an equal index is "better" or "more accurate" than
the other, this index seems a satisfactory quantitative measure of the some-
what vague notion of accuracy in judgement.

The other measure of interest is the span of the tripolar set, the interval be-
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Fig. 3. Fit of theory to observation, both models.
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Fig. 4. Accuracy as a function of span.

tween its highest and lowest elements. The data-dependent selection hypothe-
sis posits that accuracy should be greatest for those sets with the widest span.
Figure 4 illustrates that this is not the case. The icons with error bars show the
average accuracy index and associated standard error, as a function of the span
of the tripolar set. These averages were calculated by a binning process; the
first point represents the average accuracy for all sets with a span less than 0.5,
and so forth. The rightmost bin, nominally [3.5,4.0], includes a contribution
from two sets with span values greater than 4. This inclusion does not appre-
ciably change its statistics. Two regression lines with their 95% confidence hy-
perbolas are shown: the solid line is a weighted regression to the averaged
points, the dotted line is the regression to the actual 490 span and accuracy val-
ues. This latter may be considered more accurate, since some information is in-
evitably lost through the binning process; binning was conducted simply be-
cause the scatterplot of the 490 accuracy values (not shown) is difficult and
uninformative to judge by eye.

The conclusion of the regressions is clear: while some slope is visible in the
regression lines, the confidence hyperbolas include lines of the opposite slope,
and in consequence the slope of the regression line is not statistically distin-
guishable from zero. Looking at the binwise averages we can note some mod-
est suggestion, not of a trend, but of some kind of distinction: the data appear
to consist of two groups, an extreme group of very large and small spans for
which accuracy is poor, and a range of intermediate spans for which accuracy
is somewhat better. Resolving the reality of this apparent structure must await
the collection of more data, preferably in independent replications. For the
purposes of the current analysis, it is sufficient to note that any span-depen-
dence of the rank frequencies is too weak to be detectable in the experimental
database. We may therefore resolve the Nelson problem by noting that the as-
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sumption of constant selection efficiency used in the foregoing analysis is an
adequate approximation for treating the given database.

Timing Selection
The analysis above has addressed a selection model in which intentions are

assigned to suit the respective outcomes of a tripolar set, or at least the proba-
bility of a match is increased by some anomalous knowledge on the part of the
operator. The remote protocol used at PEAR does, however, allow one (and
only one) other volitional choice by the operator, namely the time at which
data collection is to start. This allows another potential venue in which a selec-
tion process could operate: rather than choosing the intentional order to fit the
outcome, an operator aware of the machine's future behavior could choose to
start collecting data at a moment when its variations would correspond to a
chosen intentional order.

The operator has only a single choice of timing for each tripolar set; the sec-
ond and third runs are started at twenty-minute intervals after the first. This
means that, as with intentional selection, timing selection is a process that
must be analyzed in terms of entire tripolar sets rather than individual runs.

Clearly, timing selection is potentially far more powerful than intentional
selection. A perfectly efficient intentional selection process is limited in its
abilities. The best it can do, by labeling each set optimally, is to put the high in-
tention in the distribution generated by taking the highest of three independent
standard normal deviates, and the low intention in the symmetric lowest-of-
three distribution. In contrast, a perfectly efficient timing selector is limited
only by the number of possible outcomes available for choice. Given a suffi-
ciently broad "menu" of alternatives, a timing selector with perfect discrimi-
nation could create any output distribution desired for the three intentional cat-
egories.

However, with a single constraint, timing selection can be analyzed with the
same tools used above — in fact, it makes exactly the same predictions as in-
tentional selection, and therefore the same conclusions already reached will
apply. The constraint is simply that an operator who is using timing selection
to favor desirable results will tend only to choose a moment that produces re-
sults in line with the intentions, without further optimizing the outcome. In
other words, if one assumes that an operator searching (perhaps subconscious-
ly) for an auspicious time to begin the series is satisfied by finding some mo-
ment that gives mean shifts in the declared directions, rather than searching
among a broad range of possibilities to find the very best, timing selection pre-
dicts the same relationships between rank frequencies and distribution para-
meters as intentional selection.

The reason for this should be clear. Consider a constrained timing selection
process that is always successful at choosing the HBL order. By the constraint
assumption, its outputs are unbiased selections from the distribution of tripo-
lar sets that happen to be in the correct order. The output of the process, over
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many samples, is equivalent to the algorithm: "Generate a tripolar set with at-
tached intention labels. If it is in the correct order, keep it; if not, discard and
try again." An intentional selection process that always succeeds is equivalent
to the algorithm: "Generate a tripolar set. Label the lowest L, the highest H,
and the third B." But both of these procedures will create exactly the same dis-
tributions. In each case the probability density of H runs is given (up to an
overall normalization) by the joint probability that a normal deviate will take
on a given value while two other independent normal deviates take on lower
values. The probability distributions for L and B run values are likewise identi-
cal in both processes.

The constraint on timing selection may seem arbitrary, but in fact it is highly
plausible for the dataset under consideration. It is obvious that the operators
are not functioning anywhere near the regime of perfect efficiency. Table 3
shows that, if a selection process is operating, it achieves only a modest in-
crease in the probability of correctly labeled sets. If this is the outcome of a
timing selection process, it seems that operators are frequently wrong in their
judgement that a given initiation time will produce results in the desired direc-
tion. Is it credible that they are managing to optimize their choices within the
distribution of correctly-labeled sets, given that they are only marginally suc-
cessful at identifying such sets at all? The solution of the Nelson problem dis-
cussed in the preceding section also supports the notion that operators do not
seem to be optimizing their successful choices.

In short, the limited efficiency of rank frequency selection seen in Table 3,
and the negative outcome of the Nelson test, strongly indicate that any timing
selection process present must be operating in a regime where its effects are in-
distinguishable from intention-based selection. If this is so, then timing selec-
tion under these circumstances makes the same predictions as an intention se-
lection model, and the p ~ 0.03 rejection seen above applies to it as well.
Timing selection together with intention selection spans the possible range of
selection models for this experiment, so the result can with considerable confi-
dence be applied to all selection models for this particular database. A more
generalized timing selection model is not refuted, but must at a minimum in-
clude some explanation for the oddity that operators who are only modestly
successful at choosing starting times that make the H run high and the L run
low nonetheless are choosing their moments so cleverly as to spuriously
mimic the statistical features of an influence model.

X. Conclusions
We arrive, finally, at the conclusion that the selection hypothesis gives a

poor fit to the data structure, while the influence hypothesis gives about as
good a fit as can be expected. The result is statistically weaker than that report-
ed in 1993: p ~ 0.03 instead of p = 0.0095 as in the previous analysis. Since it is
known that the confound in the previous analysis was an inflation of its signif-
icance, it should not be surprising that this is the case.
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We therefore may safely continue to conclude, albeit with less force, that the
observed data do not support a run-based selection process for the apparent re-
mote REG anomaly. Aside from its implications for theoretical modeling, this
also reinforces the validity of the experiment, since failure of the experimental
controls would manifest as just such a run-based selection effect.
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Abstract — Strong correlations between output distribution means of a variety of random binary processes and pre-
stated intentions of some 100 individual human operators have been established over a 12-year experimental
program.  More than 1000 experimental series, employing four different categories of random devices and several
distinctive protocols, show comparable magnitudes of anomalous mean shifts from chance expectation, with similar
distribution structures.  Although the absolute effect sizes are quite small, of the order of 10–4 bits deviation per bit
processed, over the huge databases accumulated the composite effect exceeds 7σ (p ª 3.5 × 10–13).  These data
display significant disparities between female and male operator performances, and consistent serial position effects
in individual and collective results.  Data generated by operators far removed from the machines and exerting their
efforts at times other than those of machine operation show similar effect sizes and structural details to those of the
local, on-time experiments.  Most other secondary parameters tested are found to have little effect on the scale and
character of the results, with one important exception: studies performed using fully deterministic pseudorandom
sources, either hard-wired or algorithmic, yield null overall mean shifts, and display no other anomalous features.

I.  Background

The role of human consciousness in the establishment of physical reality has been debated in
many contexts and formats throughout every era of scientific history.  The issue was central to
ancient Egyptian and Greek philosophy, and to the enduring Hermetic tradition from which
classical empirical science emerged.  Even well into the period of scientific enlightenment,
scholars of the stature of Francis Bacon [1], Robert Hooke [2], Robert Boyle [3], and Isaac
Newton [4] addressed many of their empirical investigations to “the mystery by which mind
could control matter” [5].  Although the maturing scientific establishment of the following two
centuries came largely to dismiss such possibility, a number of distinguished physicists,
including J. J. Thompson, William Crookes, Lord Rayleigh, and Marie and Pierre Curie
continued to regard this topic as relevant to their scholarship, and were active participants in the
Society for Psychical Research [6].  A subtler form of the question arose in the early
“observational” interpretations of quantum mechanics which were construed by a number of the
patriarchs of modern physics, including Planck [7], Bohr [8], Schrödinger [9], de Broglie [10],
Heisenberg [11], Pauli [12], Einstein [13], Jeans [14], Eddington [15], Wigner [16], Jordan [17],
and von Weizsäcker [18], to raise important questions of the implicit or explicit role of human
consciousness in the collapse of the wave function.  Although they vigorously debated such
possibilities from both scientific and philosophical perspectives, little consensus was reached,
other than the need for better direct experimental data.

                                               
1 This is a reprint of an essay originally published in the Journal of Scientific Exploration, Vol. 11, No. 3, pp. 345–
367, 1997.
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The enigma of consciousness continues to interest some contemporary physicists in such
contexts as the non-locality/EPR paradox/Bell’s theorem debates [19], single photon interference
[20], causality violations in thermodynamics [21], neurophysics [22], complexity and chaos
theory [23], and numerous other aspects of quantum epistemology and measurement [24, 25],
once again without much resolution.  Indeed, although a myriad of theoretical and empirical
attempts have been made to define the elusive concept of consciousness itself, curiously little
agreement on its origins, substance, characteristics, or functions has yet been achieved.  Some of
these efforts relegate consciousness to a complex of emergent phenomena of the human brain,
and thus to an ensemble of neurochemical and neuroelectrical processes [26, 27].  Others attempt
to invoke quantum indeterminacy in explication of brain function [28].  While many
philosophers of science maintain that the concept of consciousness is so intrinsically subjective
that it must be excluded from scientific attention, others plead that scientific scholarship cannot
indefinitely ignore such dimensions [29].

Earlier in this century, attempts to codify the psychological dimensions of the problem
were undertaken by a community of “parapsychologists” rooted in the pioneering research of
J. B. and Louisa Rhine [30].  In most such studies, the consciousness aspect hypothesized to
correlate with the behavior of physical systems entailed some form of volition, intention, or
desire, a presumption consistent with the premises of most religions, mystical traditions, personal
superstitious practices, and the innate human propensity to hope or to wish.  Portions of this early
work attracted the attention of Pauli [31] and other quantum physicists.  Einstein reports on a
conversation he held with “an important theoretical physicist” regarding the relevance of Rhine’s
research to the EPR paradox:

He: I am inclined to believe in telepathy.
I: This has probably more to do with physics than with psychology.
He: Yes. — [32]

Notwithstanding this interest, much of the subsequent research of this genre proved vulnerable to
technical criticism and unpersuasive to the scientific mainstream.

Most recently, the more sophisticated information processing technology that has
advanced our understanding of the physical world over the last half century has also provided
tools for addressing this class of anomalous phenomena with a methodological rigor
unimaginable in the earlier parapsychological research.  For example, over the period 1959 to
1987, some 832 experimental studies conducted by 68 investigators directly addressed the
influence of human intention on the performance of a broad variety of random event generators.
Meta-analytical assessment of these results yields strong statistical evidence for small but
consistent anomalous effects that correlate with the intentions or desires of their operators [33],
raising possible implications for experimental and theoretical study of many other probabilistic
physical events, and for their technological applications.  At the least, these findings should
motivate performance and contemplation of yet more precise and extensive empirical studies.

The purpose of this article is to present a major body of new data that bears on this issue,
acquired over twelve years of experimental study of anomalous human/machine interactions,
conducted in an engineering laboratory context.  Specifically, these studies have searched for
possible correlations between the output data distributions of various random binary processes
and the pre-stated intentions of attendant human operators.  The history of this laboratory
program, details of its instrumentation, protocols, data reduction and interpretation techniques,
its attempts to model the observed effects, and the possible implications of the results for various
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regimes of basic science and technical applications have been described elsewhere [34–38].
Here we shall focus only on the empirical results and their individual and collective statistical
merit.

II.  Equipment and Protocol

The machine employed in the “benchmark” experiments of this program is a
microelectronic random event generator (REG) driven by a commercial noise board (Elgenco
#3602A - 15124), involving a reverse-biased semi-conductor junction, precision preamplifiers,
and filters.  The output spectrum of this noise source, essentially constant (± 1 db) from 50 Hz to
20 kHz, is clipped and further amplified to provide a randomly alternating flat-topped wave form
of ± 10 volt amplitude with 0.5 µsec rise and fall times which is gate-sampled at selectable
regular intervals to yield a randomly alternating sequence of positive and negative pulses.  A set
number of these are then counted against a regularly alternating +,–,+,–,... template, thereby
differentially eliminating any distortion of randomicity due to ground reference drift.  The
immediate and cumulative results are displayed via LEDs on the machine face and graphically
on a computer screen, and transmitted on-line to a data management system.  The balance of the
device entails a variety of voltage and thermal monitors, redundant counters, and other fail-safe
features that ensure its nominal operation and preclude tampering, and other security features are
incorporated in the operational software.  The machine is extensively and frequently calibrated in
unattended operation, and is invariably found to reproduce the theoretical binomial combinatorial
distributions having the appropriate means and standard deviations, with all higher moments and
sequential correlations negligible, to statistical confidence more than adequate to support the
claimed experimental correlations.  A block diagram of this REG is shown in Figure 1; further
technical details are available upon request.

For the benchmark experiments, this REG is set to generate trials of 200 binary samples
each, which are counted at a rate of 1000 per second.  The protocol requires individual human
operators, seated in front of the machine but having no physical contact with it, to accumulate
prescribed equal size blocks of data under three interspersed states of intention: to achieve a
higher number of bit counts than the theoretical mean (HI); to achieve a lower number of bit
counts than the theoretical mean (LO); or not to influence the output, i.e., to establish a baseline
(BL).  Data are collected in runs of 50, 100, or 1000 trials, depending on operator preference and
protocol variations, and compounded over some number of experimental sessions into predefined
data series of a specified number of trials, ranging from 1000 to 5000 per intention.  Data
processing is performed at the level of these individual series, which are regarded as the basic
experimental units for interpretation and replication of any results.  The essential criteria for
anomalous correlations are statistically significant departures of the HI and/or LO series mean
scores from the theoretical chance expectation and, most indicatively, the separation of the high-
and low-intention data (HI–LO).

The order of the operator intentions is established either by their own choice (volitional
protocol) or by random assignment (instructed protocol), and is unalterably recorded in the
database manager before the REG is activated by a remote switch.  All subsequent data are
automatically recorded on-line, printed simultaneously on a permanent strip recorder, and
summarized by the operators in a dedicated logbook.  Any discrepancy among these redundant
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Fig. 1. Functional diagram of electronic Random Event Generator (REG) used in benchmark experiments.  A
commercial noise source based on a reverse-biased semi-conductor junction is processed to yield a
randomly alternating sequence of positive and negative pulses, which are compared with a regularly
alternating binary template.  The number of coincidences from a specified number of samples are displayed
immediately and cumulatively on the machine face and graphically on a computer screen, and are
transmitted on-line to a data management system.

records, or any fail-safe indication from the REG or its supporting equipment (both
extraordinarily rare), invoke preestablished contingency procedures that preclude inclusion of
any fouled data or any possible means of favorable data selection.

III.  Primary Results

A.  Collective Mean Shifts

Over a 12-year period of experimentation, 91 individual operators, all anonymous,
uncompensated adults, none of whom claimed unusual abilities, accumulated a total of 2,497,200
trials distributed over 522 tripolar series in this benchmark experiment.  Table 1 lists the overall
results for the three categories of intention, HI, LO, and BL, and for the HI–LO separations, for
comparison with the concomitant calibration data and the theoretical chance expectations.  With
reference to the symbol list below the table, the salient indicators are the mean shifts from the
theoretical expectation, dµ, the corresponding z-scores, zµ, and the one-tail probabilities of chance
occurrence of these or larger deviations, pµ.  Also listed are the proportions of the 522 series
yielding results in the intended directions, S. I. D., and the proportions of operators achieving
results in the intended directions, O. I. D.  (Note that as defined, dµ is expressed in units of
bits/trial.  We could equally well represent the effect size in absolute units of bits/bit processed,
i.e., eµ = dµ/2µ0, which in turn differs by a factor of two from the common statistical effect size,
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zµ/√Nb = dµ/µ0, where Nb denotes the total number of bits processed.  We shall henceforth use dµ

and eµ more or less interchangeably, as befits the context.)
The measures tabulated in Table 1 individually and collectively define the scale and

character of the primary anomaly addressed in these studies, i.e., the statistically significant
correlations of the output of this microelectronic random binary process with the pre-recorded
intentions of a large pool of unselected human operators.  Specifically to be noted is the overall
scale of the effect, O(10–4) bits inverted per bit processed; the somewhat higher deviation in the

TABLE 1
Statistical data from benchmark REG experiments, listed for passive calibrations (CAL); Operator high intentions
(HI), Low intentions (LO), and null intentions (BL); and HI–LO separations.

Parameter CAL HI LO BL HI–LO

Nt 5,803,354 839,800 836,650 820,750 1,676,450

µ 99.998 100.026 99.984 100.013

st 7.075 7.070 7.069 7.074

σs 0.002 0.006 0.006 0.006

δµ –0.002 0.026 –0.016 0.013 0.042

σµ 0.003 0.008 0.008 0.008 0.011

zµ –0.826 3.369 –2.016 1.713 3.809

pµ 0.409* 3.77 × 10–4 0.0219 0.0867* 6.99 × 10–5

S.I.D. 0.523 0.536 0.502† 0.569

O.I.D. 0.623 0.473 0.593† 0.516

KEY

Nt: Number of trials (200 binary samples each)
µ: Mean of trial score distribution
st: Standard deviation of trial score distribution

σs: Measurement uncertainty (statistical) in the observed value of
st ; σs ≡ σ0/√2Nt where σ0 = √50 is the theoretical trial standard
deviation

δµ: Difference of mean from theoretical chance expectation;
δµ ≡ µ – µ0 for HI and LO;
δµ(HI – LO) ≡ µ(HI) – µ(LO) ≡ δµ(HI) – δµ(LO)

σµ: Measurement uncertainty (statistical) in the observed value of
δµ ; σµ = σ0 /√Nt  for HI and LO;
σµ(HI – LO) = σ0√1/Nt(HI) + 1/Nt(LO)

zµ: z-score of mean shift; zµ ≡ δµ/σµ (calculated with full precision
from raw data values, not from the rounded values presented
above in the table)

pµ: One-tail probability of zµ (CAL, BL two-tail)
S.I.D.: Proportion of series having zµ in the intended direction
O.I.D.: Proportion of operators with overall results in the intended

direction

* p-values for CAL and BL are two-tailed due to lack of intention.

† BL is treated as in intended direction when positive.
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HI results compared to the LO; the slight departure of the BL results from both the theoretical
chance expectation and the calibration value, and the negligible alterations in the variances of the
score distributions.  The overall figure of merit for the HI–LO separation, which is the postulated
primary indicator, is zµ = 3.81 (pµ = 7 × 10–5).

The anomalous correlations also manifest in the fraction of experimental series in which
the terminal results confirm the intended directions.  For example, 57% of the series display HI–
LO score separations in the intended direction (zs = 3.15, ps = 8 × 10–4).  In contrast, the anomaly
is not statistically evident in the 52% of individual operators producing databases in the intended
directions (z0 = 0.31, p0 = 0.38), a feature having possible structural implications, as discussed
below.

B.  Cumulative Deviations

An instructive alternative display of these results is in the form of cumulative deviation
graphs, wherein are plotted the accumulating total departures from the chance mean sequentially
compounded by this group of operators in their HI, LO, and BL efforts over the long history of
the experiment (Figure 2).  The superimposed parabolic envelopes indicate the increasing width
of one-tailed 95% confidence intervals about the theoretical mean as the database evolves.  In
this format, the deviant trends in the HI and LO performances appear as essentially random

Fig. 2. Cumulative deviation graphs of benchmark REG results for HI, LO, and BL operator intentions.  Parabolic
envelopes are one-tail 95% confidence intervals about the theoretical chance mean.  The scale on the right
ordinate refers to the terminal z-scores.



Jahn, Dunne, Nelson, Dobyns, and Bradish

7

walks about shifted mean values, leading to steadily increasing departures from expectation.
Consistent with the terminal values listed in Table 1, the average slopes of these two patterns of
achievement, in units of bits deviation per bit processed, are roughly 1.3 × 10–4 and –7.8 × 10–5

respectively.  Although local segments reflective of individual operators or particular periods of
operation may differ somewhat from these overall effect sizes, as described below, this 10–4

order of magnitude tends to characterize virtually all of the anomalous correlations achieved in
these experiments.

C.  Count Distributions

Any structural details of the trial count distributions that compound to the observed
anomalous mean shifts may hold useful implications for modeling such correlations.  While no
statistically significant departures of the variance, skew, kurtosis, or higher moments from the
appropriate chance values appear in the overall data, regular patterns of certain finer scale
features can be discerned.  For example, deviations of the trial count populations, ni, from their
theoretical chance values, nio, conform to statistical linear regressions of the form ∆ni/nio = 4eµ(χi

– µ0) where χi denotes the given trial count (e.g. 100, 102, 94, etc.), µ0 is the theoretical chance
mean of the full distribution (100), and 4eµ is the slope of the linear regression fit.  Figure 3
depicts this effect graphically for the database of Table 1 and Figure 2.  Such functional behavior

Fig. 3. Normalized deviations of benchmark REG individual count populations from chance expectations: (a) HI
intention data: linear fit, z1 = 3.27; quadratic correction, z2 = 0.69; (b) LO intention data: linear fit,
z1 = 1.55; quadratic correction, z2 = 0.48.
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is consistent with a simple displacement of the chance Gaussian distribution to the observed
mean value or, equivalently, to a shift in the elementary binomial probability from the exact
theoretical value of 0.5 to (0.5 + eµ) [39].  Given the consistency of all other features of the
distributions with chance expectation, this suggests that the most parsimonious model of the
anomalous correlation is between operator intention and the binary probability intrinsic to the
experiment.

D.  Individual Operator Effects

Given the correlation of operator intentions with the anomalous mean shifts, it is
reasonable to search the data for operator-specific features that might establish some pattern of
individual operator contributions to the overall results.  Unfortunately, quantitative statistical
assessment of these is complicated by the unavoidably wide disparity among the operator
database sizes, and by the small signal-to-noise ratio of the raw data, leaving graphical and
analytical representations of the distribution of individual operator effects only marginally
enlightening.  For example, Figure 4 deploys the 91 individual operator HI–LO mean shift

Fig. 4. Deployment of 91 individual operator HI–LO mean shift separations achieved in the benchmark REG
experiments, as a function of their database sizes.  The inset table highlights the imbalances in male and
female operator performance with respect to the empirical and theoretical chance mean-shift values.
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separations as a function of their various database sizes.  Superimposed are the theoretical mean
value, the mean value of the composite data, and the 1.64σ (pµ = 0.05) deviation loci with
respect to these two means.  Of interest here are the ratios of positive and negative points about
the theoretical and empirical means, their dependence on database size and on operator gender,
and the positions and genders of the outliers.

The limited number of operator data points make density plots of these mean shift data
sensitive to the bin sizes and locations selected, but Figure 5 compares one such display with
appropriate theoretical distributions centered on the chance and empirical mean values.  The
attached chi-squared values indicate some preference for the latter model, but for these data the
direct zµ calculation underlying Table 1 is a far more accurate indicator of the anomalous mean
shift.  Attempts to interpret the operator distribution of z-scores, rather than mean shifts, suffer
from the same limitations of available data points, and are similarly inconclusive.

Given the specification of the experimental series as the pre-established unit for data
interpretation, and the significantly larger fraction of series having HI–LO differences in the
intended directions (Table 1), it is also reasonable to search for indications of data structure in
the distribution of series scores achieved by all operators.  Since a total of 522 such data units are
available, the resolution of mean shift and z-score distributions is considerably better here, but as
shown in Figure 6, beyond more clearly confirming the overall shifts of the mean, further

Fig. 5. Density plot of 91 individual operator HI–LO mean shifts achieved on benchmark REG experiments,
superimposed on theoretical distributions centered on the chance and empirical mean-shift values.  These
two comparison curves are constructed as the sums of 91 operator normal distributions, each of observation
error σi µ 1/Ni where Ni is the individual database size.  The “chance” curve assumes all individual effect
sizes are zero; the “shifted” curve assumes all are the same as the composite effect size.  The latter
assumption yields a better χ2 fit.
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identification of structural detail remains speculative.  This situation is further confused by the
obvious operator gender disparity in the data, as highlighted in the inset table on Figure 4, and
discussed below.

IV.  Secondary Correlations

Possible secondary correlations of effect sizes with a host of technical, psychological, and
environmental factors, e.g. the type of random source; the distance of the operator from the
machine; operator gender; two or more operators attempting the task together; feedback modes;
the rate of bit generation; the number of bits sampled per trial; the number of trials comprising a
run or series; the volitional/instructed protocol options; the degree of operator experience; and
others have been explored to various extents within the course of these experiments, and in many
other related studies not discussed here.  Very briefly, qualitative inspection of these data, along
with a comprehensive analysis of variance [40], indicates that most of these factors do not
consistently alter the character or scale of the combined operator effects from those outlined
above, although some may be important in certain individual operator performance patterns.  The
few potentially important exceptions to this generalization that have been identified are described
in the following paragraphs.

Fig. 6. Density plot of 522 series HI–LO mean shifts achieved on benchmark experiments, superimposed on
theoretical distributions centered on the chance and empirical mean-shift values (constructed as in Figure 5).
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A.  Gender-Related Effects

Segregation of the total REG database described above into male and female operator
components reveals several striking disparities.  As evident in Figure 4, although three of the
female operators have produced the largest individual z-scores, the overall correlations of mean
shifts with intention are much weaker for the females than for the males.  In fact, while a
majority of the males succeed in both directions of effort, most of the females’ low intention
results are opposite to intention.  Specifically, some 66% of the male operators succeed in
separating their overall HI and LO scores in the intended direction, compared to only 34% of the
females.  In other words, there is some indication that the total operator performance distribution
has three components: a) three outstanding female datasets; b) 38 female datasets indistinguish-
able from a chance distribution; and c) 50 well-distributed male datasets compounding to
significant positive performance.  Many other aspects of the gender-related disparities are
detailed in Ref. [41].

B.  Device Dependence

The sensitivity of the anomalous correlations to the particular random source employed
or to its form of implementation into an experimental device has been extensively explored via a
variety of machines and protocols [36, 40, 41].  In the simplest variants, the commercial
microelectronic noise diode in the benchmark configuration was replaced by identical and
similar units, with no detectable changes in the character of the results.  In a more substantial
and, as it turned out, more critical set of modifications, the physical noise source was replaced by
three distinctly different pseudorandom sources:

1. A pseudorandom-number generating algorithm included in the Borland Turbo Basic
programming package was implemented on an IBM AT-286 computer to provide
binary strings that could be counted and displayed in the same formats as the
benchmark experiments.  More specifically, the floating-point numbers provided by
the Borland function, which distribute uniformly over the interval 0 to 1, were
converted into bits by assigning 1 to all values above 0.5, and 0 to all values below or
equal to 0.5.  The initiating seeds were obtained by starting a microsecond clock
when the operator prompts first appeared on the screen, and stopping it when the
operators responded by pressing a key.  The accumulated values were then added to
the number of seconds since midnight to compound the seeds.  In performing these
experiments, the operators had the options of digital, digital cumulative, or graphical
cumulative deviation displays on the monitor, akin to those available on the
benchmark version.

2. The benchmark equipment was modified to allow replacement of the Elgenco noise
source by a hard-wired electronic shift register containing 31 flip-flops comprising a
sequence length of over 2 × 106 steps.  This generator produced strictly deterministic
sequences from the same initial seed that, at a sampling rate of 1000 Hz, recycled
roughly every 60 hours, far exceeding the length of any single experimental session.
From the operator’s perspective, all other aspects of the protocol, machine operation,
and feedback display were identical to those of the benchmark experiments.
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3. A random element was overlaid on the pseudorandom processor just described by
introducing an asynchronous shift frequency for the register, driven by an analog
element that swept from a few kHz to a few tens of kHz over a period of several
minutes.  This unpredictable component of the sampling imbued the device with a
complex combination of random and pseudorandom characteristics.

As discussed further below, when source #3, which retains some physically random features, is
utilized, statistically significant correlations of results with operator intention, comparable to
those seen in the benchmark experiments, continue to appear.  For the strictly deterministic
sources #1 and #2, however, no such correlations are observed.

A more substantial extension of the experimental concept employs a large-scale
mechanical device called a “Random Mechanical Cascade” (RMC), in which 9000 × ¾″ dia.
polystyrene spheres trickle downward through a quincunx array of 330 × ¾″ dia. nylon pegs,
whereby they are scattered into 19 collection bins in a close approximation to a Gaussian
population distribution.  In this experiment, operators endeavor to shift the mean bin population
to the right or left, or to exert no intention in randomly interspersed trials.  The large databases
from this experiment display a similar size and character of anomalous correlations to those of
the smaller-scale random source experiments, and similar count population and other structural
details [42].

C.  Series Position Effects

While it might be reasonable to expect that operators’ proficiency at these experimental
tasks would improve with increasing experience, no systematic learning tendencies are evident in
the data.  Rather, the progression of the anomalous effect sizes as a function of the number of
series completed by the operators is found to take the somewhat unanticipated form shown in
Figure 7.  Namely, when the mean shifts obtained by all operators on their respective first,

Fig. 7. Benchmark REG HI–LO mean separations achieved by all 91 operators on their first, second, third,...
experimental series.  The value at 5+ subsumes all series beyond the fourth.  The value at “all” is the grand
average of all data.



Jahn, Dunne, Nelson, Dobyns, and Bradish

13

second, third,... series are plotted against that series ordinal position, a peak of initial success is
followed by sharp reduction on the second and third series, whereafter the effect gradually
recovers to an asymptotic intermediate value over the higher series numbers [43].  This pattern
obtains, with minor disparities, for the overall HI, LO, and HI–LO data, but not for the baselines.
It also appears in a majority of the individual operator databases having five or more series.  The
interpretation of this pattern on psychological or physical grounds can only be speculative at this
point, but its ubiquitous appearance clearly complicates any consistency or replicability criteria.

D.  Distance and Time Dependence

The dependence of the effect sizes on the distance of the operator from the machine could
also be an important indicator of fundamental mechanism.  Actually, no such dependence has
been found over the dimensions available in the laboratory itself.  More remarkably, these
operator/machine aberrations continue to manifest in a substantial body of experiments wherein
operators are physically separated from the devices by distances of up to several thousand miles,
again with no statistically detectable dependence of the effect sizes on the degree of separation.
Rather, the results of some 396,000 trials per intention conducted under this “remote” protocol,
wherein the device is run unobserved at prearranged times by staff members who remain blind to
the operators’ intentions, are very similar in character to those of the local experiments, including
the scale of effect, and the relatively larger results under HI intentions compared to LO [44].

In a subset of this remote database, comprising some 87,000 trials per intention, the
operators address their attention to the machine’s operation at times other than those at which the
data are actually generated.  Such “off-time” experiments have ranged from 73 hours before to
336 hours after machine operation, and display a scale and character of anomalous results similar
to those of the locally generated data, including gender effects and count population distortions.
In fact, the overall mean shift in the high-intention efforts in these “off-time” remote experiments
is twice as large as that in the “on-time” remote data, although this difference is not statistically
significant, given the smaller size off-time database.  As with the distance separations, no
dependence of the yield on the magnitude of the temporal separations is observed over the range
tested.  Comparable remote and off-time results are found in the RMC experiment, as well.

E.  Operator Strategy and Psychological Correlates

Although no systematic assessment of any of the multitude of potentially relevant
psychological parameters characterizing the operators has been attempted, on the basis of
informal discussions, casual observations of their styles, occasional remarks they record in the
experimental logbooks, and our own experiences as operators, it is clear that individual strategies
vary widely.  Most operators simply attend to the task in a quiet, straightforward manner.  A few
use meditation or visualization techniques or attempt to identify with the device or process in
some transpersonal manner; others employ more assertive or competitive strategies.  Some
concentrate intently on the process; others are more passive, maintaining only diffuse attention to
the machine and diverting their immediate focus to some other activity, such as glancing through
a magazine, or listening to music.  We find little pattern of correlation of such strategies with
achievement.  Rather, the effectiveness of any particular operational style seems to be operator-
specific and transitory; what seems to help one operator does not appeal to another, and what
seems to help on one occasion may fail on the next.  If there is any commonality to be found in
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this diversity of strategy, it would be that the most effective operators tend to speak of the
devices in frankly anthropomorphic terms, and to associate successful performance with the
establishment of some form of bond or resonance with the device, akin to that one might feel for
one’s car, tools, musical instruments, or sports equipment.

V.  Combined Results

A summary of the results from all of the experimental excursions noted above, along with
a few others not specifically mentioned, is presented in Table 2.  Listed here are the number of
complete experimental series, Ns; the number of binary samples processed, Nb; the z-scores based
on the difference of the HI–LO means, zµ; the statistical effect sizes per bit, here reconstructed
from eµ, i.e., eµ = zµ/2√Nb, as discussed in Section III-A; and the one-tail probabilities associated
with zµ, pµ.  Note that the table segregates those experiments having truly random sources from
those whose sources are deterministic pseudorandom.  Of the former, only the two with the
smallest data sets fail to contribute positively to the overall HI–LO separation; in fact, all but
three independently achieve significance by the pµ < .05 criterion.  In contrast, none of the
deterministic experiments show any correlations with operator intention, despite their identical
protocols and data processing, and their similar operator pools.

Combination of data from all of these experiments into an overall statistical figure of
merit is complicated by the major disparities in the various database sizes, some distinctions in
the protocols and measureables, the absence of theoretical expectations in the RMC experiments,
the pervasive gender disparities and the HI vs. LO asymmetries associated with them, and the
ambiguities associated with the interplay of series position effects with individual operator
database sizes.  However, a number of meta-analytic techniques can be invoked to provide
composite estimates for the overall likelihood of the entire collection of anomalous mean shifts.
For example, one could simply compound the values of zµ listed in Table 2 into an unweighted
composite value.  Alternatively, one could weight the individual experiment zµ values by the
numbers of series in the databases, or by the numbers of binary samples each contains.  Finally,
one could combine results at the level of pµ values, rather than zµ, using a method proposed by
Rosenthal [45].  In a separate paper, we have presented detailed arguments for preference of the
sample-weighted recipe for this type of data combination [46] although, as displayed in Table 3,
the quantitative disparities among all of these methods are insufficient to obscure the magnitude
of the bottom-line results.  Again note that by any of the recipes the ensemble of experiments
utilizing physically random sources compound to overwhelming statistical likelihood, while the
deterministic group lies well within chance expectation.

A similar sharp discrimination appears in both the composite series success rate and
operator success rate criteria.  In the former, 58.4% of the total of 1014 random source
experimental series show a positive HI–LO separation (zs = 5.339, ps = 4.68 × 10–8), compared to
49.7% for the deterministic group (zs = –0.132, ps = 0.55).  In the latter, 57.3% of the 199
operators of the random source experiments succeed in splitting their HI and LO results in the
intended direction (z0 = 2.056, p0 = 0.0199), compared to 45.7% of the 46 operators of the
deterministic group (z0 = –0.590, p0 = 0.722).  By either criterion, the success rates are broadly
distributed over the various random source experiments, with eight of the nine contributing
positively to both the series and operator composites.
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TABLE 2
HI–LO mean shift statistics for all REG-class experiments, as defined in Key below.

Expt. Ns Nb zµ eµ (×× 105) pµ

Random Experiments

DL 522 3.35 × 108 3.809 20.8 ± 5.5 6.99 × 10–5

DR 212 1.83 × 108 2.214 16.4 ± 7.4 0.0134

PRLR 46 4.94 × 107 2.765 39.3 ± 14.3 0.00284

DC 45 3.62 × 107 1.635 27.2 ± 16.6 0.0510

D2K 44* 3.25 × 108 2.718 15.1 ± 5.6 0.00328

D20 20 1.64 × 106 –0.956 –74.7 ± 78.1 0.830

MCL 87 4.07 × 108 3.891 19.3 ± 5.0 4.99 × 10–5

MCR 26 9.32 × 107 2.139 22.2 ± 10.4 0.0162

MCC 12 4.32 × 107 –0.040 –0.6 ± 15.2 0.513

Deterministic Experiments

PDLR 23 9.20 × 106 –1.390 –45.8 ± 33.0 0.918

APL 396 1.58 × 108 –0.646 –5.1 ± 7.9 0.741

APR 86 3.44 × 107 0.335 5.7 ± 17.0 0.369

APC 8 3.20 × 106 0.427 23.9 ± 55.9 0.335

KEY

Ns: Number of series
Nb: Number of binary samples

zµ: z-score of mean shift

eµ: Statistical effect size per bit; eµ ≡ zµ/√Nb (See text.)
pµ: One-tail probability of zµ

DL: Diode REG, local
DR: Diode REG, remote (includes off-time data)

PRLR: Pseudorandom REG (hardwired with random element), local and remote

DC: Diode REG, co-operator data
D2K: Diode REG, 2000-sample trials
D20: Diode REG, 20-sample trials

MCL: Random Mechanical Cascade, local
MCR: Random Mechanical Cascade, remote (includes off-time data)
MCC: Random Mechanical Cascade, co-operator

PDLR: Pseudorandom REG (hardwired, no random element), local and remote
APL: Algorithmic pseudorandom REG, local
APR: Algorithmic pseudorandom REG, remote (includes off-time data)

APC: Algorithmic pseudorandom REG, co-operator data

* This dataset includes 7 series by 2 operators that used the PR source rather than the D source.  Since there
is no detectable difference between the two subsets, they are combined as a single table entry.
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TABLE 3
Combined HI–LO z-scores of all REG-class experiments computed by four methods described in the text reference
(with associated one-tail probabilities of chance occurrence in parentheses).

Method Random Experiments Deterministic Experiments Both

Unweighted 6.058 (6.88 × 10–10) –0.637 (0.738) 4.687 (1.38 × 10–6)

Series Weighted 6.588 (2.22 × 10–11) –0.671 (0.749) 4.980 (3.18 × 10–7)

Data Weighted 7.180 (3.50 × 10–13) –0.671 (0.749) 6.492 (4.24 × 10–11)

Rosenthal 6.445 (5.80 × 10–11) –0.714 (0.762) 5.812 (3.09 × 10–9)

The strong distinction between the results using random and deterministic sources may
help discriminate among various theoretical models that have been proposed for effects of this
genre.  For example, the “Decision Augmentation Theory” proposed by May et al. [47], which
predicts that the nature of the source should be irrelevant to the presence or scale of the effect, is
clearly incompatible with this observed difference in performance.  (A more detailed and
quantitative review of the implications of this database for the “D.A.T.” model can be found in
reference [48]).

VI.  Replicability Requirements

From time to time, the experiments reported here have been assessed, both formally and
informally, by a number of critical observers, who have generally agreed that the equipment,
protocols, and data processing are sound [49].  Frequently, however, the caveat is added that
such results must be “replicated” before they can be fully accepted, with the replication criteria
variously defined to require strict preservation of all technical and procedural details, or to allow
more flexible similarities in equipment and protocols.  It is our opinion that for experiments of
this sort, involving as they clearly do substantial psychological factors and therefore both
individual and collective statistical behaviors, to require that any given operator, on any given
day, should produce identical results, or that any given operator group should quantitatively
replicate the results of any other, is clearly unreasonable.  Rather more apt would be such criteria
as might be applied to controlled experiments in human creativity, perception, learning, or
athletic achievement, where broad statistical ranges of individual and collective performance
must be anticipated, and results therefore interpreted in statistically generic terms.

By such criteria, the experiments outlined here can be claimed both to show internal
consistency, and to replicate results of similar experiments in many other laboratories.  For
example, the statistical consistency of individual operator performances across multiple
experimental series that compound to their particular positions on Figure 4 defines one level of
internal replicability.  The systematic accumulation of intention-correlated effects across many
operators, as displayed in Table 1, defines a second level.  The consistently similar results of the
same group of operators on the various extensions of the basic REG experiment to other
protocols, noise sources, and categorically different random physical devices, shown in Table 3,
establishes a third, inter-experiment level of replicability.
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With respect to inter-laboratory reproducibility, it should first be noted that the
experiments reported here were originally undertaken as an attempt to replicate previous studies
by Schmidt [50] and others [51], albeit with modifications in design and equipment that would
respond to various criticisms and allow more rapid accumulation of very large quantities of data.
Our results indeed reinforce this earlier work in confirming the existence, scale, and character of
anomalous correlations with pre-stated operator intentions.  On a broader front, the previously
mentioned quantitative review of 30 years of research of this genre, covering more than 800
experiments reported by 68 principal investigators, including ourselves, concludes that despite
the historical improvement in experimental quality, a statistically constant anomalous effect size
has pervaded most of the results [33].

VII.  Theoretical Modeling

Any attempts to model phenomena like those reported here must be immensely
complicated by the evidence that human volition is the primary correlate of the observed
anomalous physical effects, and thus that some proactive role for consciousness must somehow
be represented.  This challenge is compounded by the absence of clear-cut psychological or
physiological indicators, and by the lack of demonstrable space and time dependence.  While a
variety of attempts to combine conventional psychological and neurophysiological concepts with
established physical and mathematical formalisms, such as electromagnetic theory, statistical
thermodynamics, quantum mechanics, geophysical mechanics, and hyperspace formalisms have
been proposed [50], few of these propositions seem competent to accommodate the salient
features of the empirical data, let alone to survive critical scientific and epistemological criteria.

Rather, a more comprehensive approach to formulation of the interaction of
consciousness with the physical world seems requisite.  Over the past two decades, a growing
number of theoretical physicists and philosophers of science have addressed the problem of
consciousness from this broader perspective, and have offered an assortment of more
sophisticated models which may eventually prove effective for dialogue with the empirical
results.  Some of these apply quantum physical concepts and formalisms to neurological
processes and functions [28, 53].  Others employ non-linear systems concepts underlying
information science, chaos, and complexity theories to provide degrees of freedom to
accommodate the intervention of consciousness into physical processes [54].  Still others
propose a holistic complementarity between the epistemology of human experience and the
ontology of the physical world [37].  While each of these approaches at least acknowledges the
problem, the chasm between the role of consciousness and self-consistent physical theory is far
from bridged and, given its troublesome empirical and conceptual aspects, will require much
more visionary work from both the experimental and theoretical sides.

VIII.  Extended Experiments

Since completion of the databases described above, a number of new experiments
involving substantially different physical processes, modes of feedback, and protocols have been
deployed in the hope of better identification of the most critical physical and psychological
properties bearing on the anomalous phenomena.  For example, similar but more compact REG
units are being used to drive an “ArtREG” experiment, wherein two competing scenes are
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superimposed on a computer screen with relative illumination determined by the accumulating
balance of binary events from the noise source.  The task of the operator is to cause one pre-
selected scene to dominate over the other, without current knowledge of the binary balance.  In
another experiment, a compact REG drives a large musical drum to produce a random alternation
of equally spaced loud and soft beats or, in another variant, a random alternation of long and
short intervals of equal amplitude.  The goal of the operator in either version is to impose some
regularity of pattern on the audible beat stream.  Analysis programs compute the overall entropy
of the bit stream and search for repetitive sub-patterns indicative of an imposed cadence.  Other
devices, such as classical single- and double-slit diffraction equipment, and REGs that alternate
digital and analog data sampling, or that compare two grossly different bit-sampling rates, help
search for further physical correlates.  In a complementary effort to access the importance of
operator feedback modalities, various aesthetically engaging systems, such as a large linear
pendulum or an upward bubbling water fountain, have been employed, along with a mobile robot
driven in random motion by an on-board REG.  Although the databases from these new
experiments are not yet sufficient to provide robust quantitative results, various anomalous
effects correlated with operator intention are apparent in the structural details of their data
distributions, of comparable scales to those seen in the direct REG interactions.

IX.  Summary

The extensive databases described above, comprising more than 1500 complete
experimental series generated over a period of 12 years in rigid tripolar protocols by over 100
unselected human operators using several random digital processors, display the following
salient features:

1. Strong statistical correlations between the means of the output distributions and the
pre-recorded intentions of the operators appear in virtually all of the experiments
using random sources.

2. Such correlations are not found in those experiments using deterministic pseudo-
random sources.

3. The overall scale of the anomalous mean shifts are of the order of 10–4 bits per bit
processed which, over the full composite database, compounds to a statistical
deviation of more than 7σ (p ª 3.5 × 10–13).

4. While characteristic distinctions among individual operator performances are difficult
to confirm analytically, a number of significant differences between female and male
operator performance are demonstrable.

5. The series score distributions and the count population distributions in both the
collective and individual operator data are consistent with chance distributions based
on slightly altered binary probabilities.

6. Oscillatory series position patterns in collective and individual operator performance
appear in much of the data, complicating the replication criteria.
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7. Experiments performed by operators far removed from the devices, or exerting their
intentions at times other than that of device operation, yield results of comparable
scale and character to those of the local, on-time experiments.  Such remote, off-time
results have been demonstrated on all of the random sources.

8. Appropriate internal consistency, and inter-experiment and inter-laboratory replicability
of the generic features of these anomalous results have been established.

9. A much broader range of random-source experiments currently in progress display a
similar scale and character of anomalous results.
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Abstract — Over the greater portion of its long scholarly history, the particu-
lar form of human observation, reasoning, and technical deployment we 
properly term “science” has relied at least as much on subjective experience 
and inspiration as it has on objective experiments and theories.  Only over the 
past few centuries has subjectivity been progressively excluded from the 
practice of science, leaving an essentially secular analytical paradigm.  Quite 
recently, however, a compounding constellation of newly inexplicable physi-
cal evidence, coupled with a growing scholarly interest in the nature and ca-
pability of human consciousness, are beginning to suggest that this steriliza-
tion of science may have been excessive and could ultimately limit its 
epistemological reach and cultural relevance.  In particular, an array of 
demonstrable consciousness-related anomalous physical phenomena, a per-
sistent pattern of biological and medical anomalies, systematic studies of 
mind/brain relationships and the mechanics of human creativity, and a bur-
geoning catalogue of human factors effects within contemporary information 
processing technologies, all display empirical correlations with subjective as-
pects that greatly complicate, and in many cases preclude, their comprehension 
on strictly objective grounds.  However, any disciplined re-admission of 
subjective elements into rigorous scientific methodology will hinge on the 
precision with which they can be defined, measured, and represented, and 
on the resilience of established scientific techniques to their inclusion.  For 
example, any neo-subjective science, while retaining the logical rigor, empiri-
cal/theoretical dialogue, and cultural purpose of its rigidly objective prede-
cessor, would have the following requirements:  acknowledgment of a 
proactive role for human consciousness; more explicit and profound use of 
interdisciplinary metaphors; more generous interpretations of measurability, 
replicability, and resonance; a reduction of ontological aspirations; and an 
overarching teleological causality.  Most importantly, the subjective and ob-
jective aspects of this holistic science would have to stand in mutually re-
spectful and constructive complementarity to one another if the composite 
discipline were to fulfill itself and its role in society. 

 

 
1This essay has been developed from a presentation to a symposium held in the John M Clayton 

Hall of the University of Delaware on September 27–29, 1997, entitled “Return to the Source:  
Rediscovering Lost Knowledge and Ancient Wisdom,” which was sponsored by the Society for 
Scientific Exploration and supported in part by a generous grant from The Lifebridge Foundation. 
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Scientific Definition 

The word “science” derives from a Latin verb, scire, meaning to know or to 
understand; it could thus properly apply to any process of comprehension of any 
topic or form of experience.  But in contemporary usage the term has taken 
on an array of more specific implications, depending on the context, the 
user, or the audience.  In some instances it connotes bodies of established 
technical knowledge, such as biology, chemistry, geology, or physics, or the 
technological applications thereof.  In other situations it conveys more dynamic 
images of visionary, portentous research into new and exciting natural or 
cultural phenomena.  In yet another variant, it refers to the communities of 
scholars and practitioners of such topics, or to the social authority they exert.  Or 
finally, the term science can imply a methodology, or standard, or ethic of 
intellectual exploration that distinguishes its process from other less rigorous 
forms of human reasoning and creativity, regardless of the particular subjects 
addressed, or of the credentials of the persons addressing them.  In most 
situations, the distinctions matter little; largely the same impressions can be 
conveyed and the same conclusions reached by any of these definitions.  But in 
certain rarer cases, such definitions can conflict in serious ways, with much less 
agreement on the proper circumscription of the topics, on the requisite 
qualifications of the scholars studying them, or on the proper methods for their 
study.  It is just such examples that test the fundamentality and integrity of 
any definition, doctrine, or demonstration that claims the authority of science, 
and it is our conviction that when such contradictions arise, criteria based on 
methodology, epistemological purposes, and ethical values should take 
precedence over any topical, academic, or cultural circumscriptions.  It is in 
this spirit that we shall address our subject, referring for background to the 
historical evolution of scientific methodologies, attitudes, and conceptual 
currencies. 
 
 

Scientific Methodology 

The early scientific heritage that evolved through the cultures of the Egyp-
tians, Greeks, Romans, Orientals, Byzantines, and Medieval alchemists in-
volved intimate admixtures of metaphysical rituals with rigorous analytical 
techniques, yet generated extensive pragmatic knowledge and products, some 
of which, like the ancient pyramids or stone circles, still defy modern replica-
tion or comprehension.  The initiation of more secular scientific practice is 
usually attributed to the renowned renaissance scholar and statesman, Sir 
Francis Bacon, who pleaded for constructive dialogue between experiment and 
theory in his characteristically florid terms:  
 
 
...Those who have treated the sciences were either empirics or rationalists.  The empirics, 
like ants, only lay up stores, and use them; the rationalists, like spiders, spin webs 
out of themselves; but the bee takes a middle course, gathering her matter from the 
flowers of the field and garden, and digesting and preparing it by her native powers.  In 
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like manner, that is the true offices and work of philosophy, which, not trusting too 
much to the faculties of the mind, does not lay up the matter, afforded by natural 
history and mechanical experience, entire or unfashioned, in the memory, but treasures it, 
after being first elaborated and digested in the understanding; and, therefore, we have a 
good ground of hope, from the close and strict union of the experimental and rational 
faculty, which have not hitherto been united [1]. 
 

Notwithstanding this plea, it should be noted that Bacon, along with many of 
his peers and successors in this period of “scientific enlightenment,” including 
Robert Boyle, Robert Hooke, and Isaac Newton, were practicing Hermeticists 
who retained lifelong interests in the metaphysical dimensions of physical 
phenomena [2–5].  It has been argued that it was only their need to insulate 
scientific inquiry from the prevailing theological dogma that engendered 
progressively more objective interpretation of this “scientific method,” [6] 
which in the hands of their successors has led to the exclusion of virtually all 
subjective material.  While the immense accomplishments of this modern 
objective science are abundantly evident, the consequences of continued 
future exclusion of all subjective elements from scientific purview, which 
Bacon and his colleagues certainly would not have endorsed, merit some 
careful consideration.  
 
 

Scientific Attitude 

Beyond its disciplined reliance upon constructive iteration of sound 
experimental data with incisive theoretical models, good science is 
characterized by thorough and respectful cognizance of relevant past and 
present work by others, humility in the face of empirical evidence, and 
openness of mind to new topics, new approaches, new ideas, and new scholars.  
In particular, it maintains a profound respect for demonstrable experimental 
and theoretical anomalies and their crucial role within the scientific dialogue of 
experiment and theory [7].  There is no more critical test of the integrity of 
any scientific process than its reaction to anomalous features uncovered in 
either its experimental or theoretical endeavors, i.e., empirical observations 
demonstrably inconsistent with established theoretical expectations, or 
theoretical predictions that conflict with established experimental data.  Such 
anomalies demand immediate attention to discriminate between artifacts of 
flawed experimentation or theoretical logic, and the entry of genuine new 
phenomena onto the scientific stage.  Error in this discrimination can divert or 
extend science along false scholarly trails, while proper identification and 
assimilation of real anomalies can open more penetrating paths than those 
previously followed. 

Unfortunately, such intellectual respect for the role of anomalies has 
tended to be more honored in the abstract than in actual practice.  As 
physician Larry Dossey has observed: 
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In any field of science there are always phenomena that do not fit in what can be called 
‘low’ and ‘high’ anomalies.  Low anomalies are those that offer minor and temporary 
challenges to prevailing concepts and that can eventually be explained according to ex-
tant wisdom.  High anomalies, on the other hand, cannot in principle be accommodated 
by conventional, orthodox models.  They require a break with current thinking.  They 
may be emotionally wrenching even for those most familiar with them, and are 
generally surrounded by a swirl of controversy. 
 
It is simply the nature of workers in any field in science to feel more comfortable with 
what they can explain.  That is why high anomalies tend to be ignored, usually with the 
mystification that they will be cleared up at some future date.  That is also why they are 
frequently dismissed as erroneous observation and sometimes condemned as 
fraudulent.  High anomalies do not go down easily [8]. 
 

But good science, of any topic, cannot turn away from anomalies; they are 
the most precious resource, however unrefined, for its future growth and 
refinement. 
 

Scientific Currency 

To conduct its business effectively, any science must ordain a set of 
conceptual currencies in terms of which it can represent and evaluate its 
phenomenology.  In most of the classical physical sciences, these currencies 
strive to embody precisely measurable, unambiguously quantifiable, and 
strictly replicable properties, with minimal statistical variance.  In the quantum-
based physical sciences, however, as well as the biological, medical, 
psychological, and social sciences, progressively more reliance has come to 
be placed upon statistical rather than uniquely deterministic measurables.  In 
most cases, a cumulative sequence of three genres of such conceptual 
currencies can be traced, relating to tangible substance, energy in various 
forms, and information.  For example, most early science tended to focus on 
the behavior of palpable matter, its gross mechanics, chemical and physical 
properties, with primary reliance on the quantitative measurable we now call 
“mass.”  Midway through the 19th century, the concept of “energy” —
mechanical, thermal, electromagnetic, atomic — was added to the arsenal of 
scientific endeavor as a somewhat less tangible, but still quantifiable currency 
of phenomenological representation.  Over the past few decades, a third 
scientific currency, loosely termed “information,” has taken center stage, and 
clearly will dominate basic research and its applications over the foreseeable 
future. 

A similar conceptual genealogy has characterized the evolution of the bio-
logical and medical sciences.  Early preoccupation with the properties of bio-
logical substance — bone, tissue, blood, cell — led inevitably to confrontation 
of the energetic processes of living organisms — their metabolism, kinesiolog-
ical dynamics, immune and restorative activities.  At present, the overriding 
emphasis is on biological information, as manifested in the mechanisms of 
neurophysiological reaction and communication, immune response, brain 
function, genetic coding, and a host of psychophysical correlates. 
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Originally, these three currencies of matter, energy, and information were 
presumed to be orthogonal, but subsequently they have been shown to be 
fundamentally interchangeable, with immense consequences.  Einstein’s trans-
mutation relation, E = mc2, has impelled much of 20th century physics, and its 
technological, political, and sociological implications can hardly be overstated.  
Somewhat subtler equivalence of energy and information has also been 
established in various thermodynamic and quantum mechanical contexts and in 
basic information science itself, and this may well drive much of 21st century 
science and its applications. 
 
 

Objective vs. Subjective Information 

The escalating reliance of science and technology on information currency 
brings with it two intriguing problems, neither of which have been adequately 
acknowledged, let alone addressed.  First, there is the self-evident distinction 
between “objective” and “subjective” information.  The former, the hard 
currency of information-processing devices of all kinds, is used to transmit 
impersonal knowledge, and is readily quantifiable and ultimately reducible to 
binary digits.  The latter is inextricably bound with issues of meaning, value, and 
perspective, and thus would seem to defy such universal quantification.  For 
example, the objective information contained in any book could, in principle, 
be uniquely quantified by suitable digitization of its array of letters, symbols, 
and illustrations, but the subjective information communicated would depend 
keenly on the reader’s interest in the subject matter, intellectual heritage, 
emotional perspective, and personal value system.  Likewise, while we might 
quantify the objective information displayed by a brilliant sunset or a 
magnificent waterfall in terms of the prevailing distributions of optical 
frequencies and amplitudes, in so doing we would fail to convey the subjective 
beauty of the scene.  For that purpose, we would more likely resort to 
descriptive adjectives in our linguistic syntax, or even try to express in some 
pseudo-quantitative terms how much that book, or that experience impressed or 
delighted us.  In fact, it could be argued that much of human language has 
evolved from our need to express subjective feelings in a broadly communicable 
format. 

Such pseudo-quantitative representations of subjective qualities, while falling 
far short of scientific rigor, appear in many diverse contexts.  In some cases, the 
objective and subjective specifications are intrinsically intertwined.  For 
example, the objective information contained in any musical work is routinely 
recorded in a quantitative array of notes of given pitch and duration inscribed 
on a well-defined grid.  The amplitude of the desired sound, however, is 
usually specified in semi-quantitative terms, e.g., piano or fortissimo, that allow 
the performer some subjective latitude.  The tempi intended by the composer 
are noted in even more subjective instructions, e.g. andante expressivo, or 
allegro vivace, overlaid with particular local nuances, such as sostenuto or 
rallentando.  The total information transmitted to a listener by a performance of 
this piece thus ranges from an analytic sense of its harmonic and thematic 
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structure that would be commonly agreed upon, to an impressionistic, even 
emotional reaction that depends heavily on that listener’s cultural heritage, 
musical sophistication, and personal taste. 

Inclusion of subjective information within the framework of science clearly 
constitutes a huge analytical challenge.  Many contend that it should not 
even be attempted — that subjectivity should be categorically excluded from 
any of the “exact” sciences.  Others feel equally keenly that in a world 
progressively more driven by individual and collective emotional resonances, 
orchestrated consumer reactions, media-manipulated politics, and delicate 
interpersonal expectations, for science to deny its immense intellectual power 
and cultural influence to this entire hemisphere of common human 
experience and expression would not only be irresponsible, it could be 
dangerously self-constraining. 
 
 

The Role of Consciousness 

Imposing as this accommodation of subjectivity may be, the deeper 
penetration of science and technology into the forest of information stands to be 
considerably more complicated by a second, even more subtle issue, namely 
the demonstrated capacity of consciousness to affect both subjective and 
objective elements of information.  Few will quarrel with the first half of this 
claim.  The self-evident capabilities of human consciousness to create profound 
subjective experiences for itself and others to enjoy via art, music, literary 
composition, or even via scientific and mathematical reasoning, can hardly be 
disputed.  The sublime experiences engendered by love and empathy equally 
well qualify as enhancements of subjective information for their donors as 
well as for their recipients.  But quantifiable alteration of the objective 
information content of a physical or biological system by some attending 
consciousness, while far more difficult to demonstrate and vastly more 
controversial to discuss, has also been convincingly established over recent 
decades, by reputable scholars working in many venues.  The bottom line of 
their research results is inescapable: consciousness has the capacity not only to 
absorb and process objective information, but to create it, in rigorously 
measurable quantities.  With this capability comes all manner of foreseeable 
and unforeseeable opportunity, and associated responsibility, which a more 
profound, open-minded science could endeavor to activate, discipline, and 
deploy productively. 

Nor is this challenge totally confined to the information segment of scientific 
currency.  Once the fungibility of subjective information is conceded, it 
behooves us to revisit the energy and matter domains as well.  The pages of this 
journal have frequently reported on such topics as “subtle energies,” “healing 
energies,” and “psychokinetic” phenomena; other sources have presented us 
with evidence of auras, apparitions, and manifestations.  All of vacuum 
physics traces to zero-point fluctuations, and thence to the uncertainty principle.  
For that matter, how much subjectivity underlies the material/ener-
getic/informational qualities of the fundamental particles, of the photons and 
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neutrinos, and of the quarks, gluons, and other sub-nuclear events?  Is there not 
some subjectivity implicit in the wave/particle duality?  In the indistin-
guishability principle?  In the Copenhagen interpretation?  And, while we are at 
it, is it not possible that a subjective science might aid in the comprehension of 
UFO phenomena? 
 
 

Scientific Purview 

The thesis is thus that science must soon make a deliberate and considered 
choice whether to continue to deny all subjective currency access to its table of 
scholarly business, thus excluding itself from comprehension of the universe of 
aesthetic and creative experience, including that which bears on objective 
effects, or to broaden its purview to encompass these softer parameters in some 
disciplined yet productive fashion.  The scientific method and the scientific 
attitude, as defined above, should tolerate, indeed should encourage, 
provisional exploration of the disciplined re-inclusion of subjective concepts 
and properties within the enterprise of the natural research sciences.  As 
William James put it over a century ago: 
 
 
The spirit and principles of science are mere affairs of method; there is nothing in them 
that need hinder science from dealing successfully with a world in which personal 
forces are the starting point of new effects.  The only form of thing that we directly en-
counter, the only experience that we concretely have is our own personal life.  The only 
completed category of our thinking, our professors of philosophy tell us, is the cat-
egory of personality, every other category being one of the abstract elements of that.  
And this systematic denial on science’s part of personality as a condition of events, this 
rigorous belief that in its own essential and innermost nature our world is a strictly im-
personal world, may, conceivably, as the whirligig of time goes round, prove to be the 
very defect that our descendants will be most surprised at in our boasted science, 
the omission that to their eyes will most tend to make it look perspectiveless and short 
[9]. 
 
 

Henri Bergson saw the same vision: 
 
Science and metaphysics therefore come together in intuition.  A truly intuitive 
philosophy would realize the much-desired union of science and metaphysics.  While it 
would make of metaphysics a positive science — that is, a progressive and indefinitely 
perfectible one — it would at the same time lead the positive sciences, properly so 
called, to become conscious of their true scope, often far greater than they imagine.  It 
would put more science into metaphysics, and more metaphysics into science [10]. 
 

Ultimately, the proposition must stand or fall on whether it is possible to 
establish a subjective conceptual currency, and a viable mechanics thereof, 
that can enable profitable dialogue between empirical experience and 
theoretical predictors, akin to that which has taken modern objective science to 
its lofty heights.  If this fails, natural science must halt outside of the gates of 
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“personality as a condition of events”; if it succeeds, those gates will open to a 
glorious new domain of scientific exploration. 
 
 

The Physics of Consciousness 

Any commitment toward scientific representation of subjective properties and 
effects clearly requires one immediate major concession: the acknowledgment of 
consciousness as a proactive agency in the establishment of reality.  This in turn 
demands a viable definition and model of consciousness itself, one that goes 
well beyond any neurological wiring diagram of the brain.  Rather, we need a 
model that can encompass all four quadrants of objective and subjective, 
reactive and proactive, experiences of the physical world.  Substantial bodies of 
established theory addressing some elements of this matrix exist, but 
unfortunately they are largely disconnected and leave major gaps in the con-
verge.  For example, contemporary natural science is replete with objective, 
reactive models of the physical world, most of which have been well confirmed 
empirically.  Objective models of consciousness also abound in the regimes of 
cognitive psychology and neuroscience, albeit tending to focus on brain 
structure and function rather than on the nature of consciousness, per se.  On the 
subjective side of the matrix the reservoirs of established models stand more 
shallow.  Present physical science has virtually nothing to say about subjective 
experience and, with the possible exception of the “observational” 
interpretations of quantum mechanics, acknowledges no proactive role for 
human participants.  The situation is little better in the psychological and 
neurophysiological sectors, where subjective and proactive aspects of the 
psyche have seldom been treated in other than qualitative terms.  While 
contemporary parapsychology or clinical psychiatry may contain some useful 
empirical experience, conceptualization, and nomenclature, here, too, viable 
quantitative models are lacking [11–12].  Thus, our theoretical task becomes 
much more than re-deployment of established models and methods; major 
extensions in concept, as well as in structure, will be required. 

We have faced this problem in the context of our own PEAR program, in 
attempting to correlate, explicate, and predict the results of a spectrum of 
human/machine and remote perception experiments.  Without attempting 
detailed review of these studies [7, 13–16], it may be illustrative to summarize 
the protocols and results of those portions of this research that bear on the 
development of such a theoretical framework. 
 
 

Anomalous Human/Machine Interactions 

Over the eighteen-year history of the PEAR program, some 150 volunteer 
operators have performed a wide range of human/machine experiments designed 
to assess the influence of human intention on the output behavior of a variety of 
random physical devices.  These devices are electrical, mechanical, fluid 
dynamical, optical, or acoustical in character; macroscopic or microscopic in 
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scale; digital or analog in their information processing and feedback displays.  
They generate data over a broad range of rates, in formats that are 
theoretically, or at least empirically, predictable.  All are equipped with 
numerous fail-safe features to guarantee the integrity of their data and their 
freedom from artifact, and all can be precisely calibrated to establish their 
unattended statistical output distributions. 

The participating operators have varied greatly in personality, background, 
intellectual sophistication, and style of interaction with the machines, but all 
have been anonymous, untrained, and uncompensated for their work, and 
none has claimed extraordinary abilities before or after the experimental 
efforts.  Throughout, we have regarded these operators as research colleagues, 
rather than as subjects of study, and no psychological or physiological tests 
have been attempted. 

In all “benchmark” experiments, the operators, seated in front of the machines 
but in no physical contact with them, using whatever personal strategies they 
wish, endeavor to produce statistically higher mean values of the output 
distributions, lower mean values, or “baseline” or unaltered mean values, over 
interspersed periods of pre-stated intentions.  Great care is taken in the 
experimental design and data acquisition to preclude any form of spurious 
interference with the machine operation, so that any systematic deviation of 
these three data streams from one another can only indicate the existence and 
scale of the sought anomalous effect. 

A number of variants of the benchmark protocols have been explored, such as 
whether the intended direction of effort is chosen by the operator or 
assigned by some random indicator; whether the machine runs continuously 
or is initiated at intervals imposed by the operator; the pace and size of the 
data blocks; the presence or absence of feedback, and its character; the number 
of operators addressing the machine; the distance of the operator from the 
machine; and the time of machine operation relative to the time of operator 
effort.  All told, some fifty million experimental trials have been performed to 
this date, containing more than three billion bits of binary information.  From 
this large body of results, the following salient features have been extracted: 
 
 
 
 1. Anomalous correlations of the machine output distribution means 

with pre-stated operator intentions are clearly evident.  These mean 
shifts are statistically replicable and quantifiable in the range of a few 
parts in ten thousand deviation from chance expectation.  Over the total 
database, the composite anomaly is unlikely by chance to less than one 
part in a trillion. 

 2. The output mean shifts, or “effect sizes,” achieved by the various 
individual operators on any given experiment range smoothly over 
distributions that would be expected by chance, except that the 
composite means are displaced from the chance nulls to the extent 
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specified above.  No outlying effect sizes, indicative of “superstar” 
performance, are found. 

 3. Several of the individual operator databases are sufficiently distinctive 
and replicable in their relative effectiveness under high, low, and 
baseline intentions, and in their responses to particular protocol 
variations, to constitute characteristic “signatures” of achievement. 

 4. Both individually and collectively, the interior structures of the 
distributions of anomalous mean shifts are consistent with a model 
wherein the elemental binary probability intrinsic in each experiment 
has been altered from its design value of precisely one-half, to slightly 
higher or lower values, depending on the operator, the intention, and the 
protocol. 

 5. The scale and character of the results are relatively insensitive to the 
particular random device employed.  In some cases, the characteristic 
operator signatures are quite similar from one device to another. 

 6. Significant differences in the patterns of male and female performance 
have been  identified. 

 7. Two operators addressing a given experiment together do not simply 
combine their individual achievement signatures; rather, their “co-
operator” results are characteristic of the pair.  Co-operators of the same 
sex are less effective than male/female pairs, and “bonded” male/female 
pairs produce the highest scores of any operator subsets. 

 8. No learning or experience benefits are observed.  To the contrary, 
operators tend to perform best over their first major experimental series, 
then to decline in performance over the next one or two series, after 
which they recover better performance that stabilizes to their individual 
values over subsequent series. 

 9. No dependence of individual or collective effect sizes on the distance of 
the operators from the machines appears in the data.  Operators 
addressing the machines from thousands of miles away produce effect 
sizes and characteristic signatures similar to those they achieve seated 
next to the machines in the laboratory. 

 10. Experiments performed “off-time,” i.e., with operators exerting their 
intentions several hours or days before, or after, the machines actually 
produce their data strings, show similar effect sizes and internal 
characteristics to those performed “on-time,” i.e., with machine operation 
concurrent with the operators’ periods of effort. 

 11. Subjective reports from the most successful operators speak of a sense of 
“resonance” or “bond” with the machine; of surrendering their sense of 
identity to merge with the machine into a unified system; of exchanging 
roles with the machine; of “falling in love” with it; of “having fun” with 
it. 

 
 

From this array of empirical indications, it seems inescapable to conclude that 
operator consciousness is capable of inserting information, in its most 
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rudimentary objective form, namely binary bits, into these random physical 
systems, by some anomalous means that is independent of space and time. 

Human/machine experiments similar to these have been conducted at many 
other laboratories with anomalous results commensurate with our own (11].  
Responses from biological substances or living organisms employed, as the 
random targets of the operators’ intentions have also been demonstrated [17–19].  
Equally relevant are a small body of experiments in which the role of the 
operators has been played by other than human species, e.g., chicks and rabbits, 
who seem capable of influencing random electronic processors to respond to 
some biological or emotional needs [20].  These results, combined with further 
studies in our own program that demonstrate anomalous bi-directional re-
sponses of portable REG units unobtrusively placed in various human group 
environments, such as religious services, sporting events, professional meet-
ings, medical counseling sessions, or other convocations entailing some col-
lective emotional potential [21], confirm the ubiquitous character of these in-
formation anomalies and broaden their potential importance to individual and 
cultural welfare. 
 
 
 

Remote Perception 

In a complementary class of PEAR experiments, the “target” is not a physical 
device or process in a laboratory environment, but a physical scene at some 
remote geographical location.  The goal of the human participant is not to insert 
information into the target, but to extract information from it; by anomalous 
means.  In the usual protocol, two participants are involved in any given 
experiment.  One, the “agent”, is physically present at a target location selected 
by some random process, and there, immersed emotionally and cognitively in 
the scene, records its characteristics on a standard check sheet, and takes 
photographs of it.  The other, the “percipient”, situated at some distance from the 
scene and with no prior knowledge of it, attempts to perceive aspects of its 
ambiance and detail, and then records those impressions on an identical check 
sheet and in some less structured narrative or sketch.  The agent and percipient 
check sheets are subsequently digitized and their degree of consonance scored 
numerically by a variety of algorithms.  The results, indicative of the amount of 
objective information acquired by the percipient, can then be arrayed in 
quantitative statistical formats similar to those used in the human/machine 
experiments. 

Several hundred such remote perception experiments have been performed 
and scored, with results quite similar to those of the human/machine experi-
ments [7, 13, 22, 23].  The overall anomalous effect size is actually somewhat 
larger but the interior statistical details are qualitatively much the same, and 
participant-specific characteristics are again evident.  Again, the effect sizes are 
statistically independent of the distance between the percipient and the target, up 
to ranges of several thousand miles, and also independent of the time interval 
between the perception effort and the agent’s immersion in the target, up to 
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several days before or after the target visitation.  And again, the participants 
testify to the efficacy of some sort of “resonance” or “bond” between the 
percipient and agent in facilitating the information acquisition.  Remote 
perception studies such as these have also been performed elsewhere, albeit 
using somewhat different protocols and scoring methods, with similar 
anomalous yields [24–26].  A recent issue of this Journal featured an ensemble 
of articles reviewing the history of government sponsored research in this field 
from several empirical, analytical, and critical perspectives [27].  From all these 
results, we must draw a second basic conclusion, namely that human 
consciousness is also able to extract information from physical aspects of its 
environment, by some anomalous means that is independent of space and time.  
Note that although the information acquired by the percipient is largely 
subjective in character, it nonetheless survives the transposition to an objective, 
digital information format imposed by the scoring methods.  Indeed, one may 
speculate that the somewhat larger yield is related to the richer subjective 
content of the primary information, compared to that of the human/machine 
interactions. 
 
 

Theoretical Models 

Any attempt to set forth a theoretical model to complement such experimental 
data in a traditional scientific dialogue is an awesome epistemological task.  Not 
only are the empirical effects keenly anomalous in the current scientific 
framework, but in their demonstrably participant-specific characteristics they 
clearly involve important subjective parameters not readily accommodated by 
contemporary scientific language, let alone by scientific formalism.  Beyond 
this, the results are inescapably hyper-statistical, i.e., they involve a folding of 
the individual and collective statistical variations in participant performances 
with the- normal statistical behavior of the physical systems.  The series position 
sensitivity of the results, along with the lack of superposability of individual 
operator effects in co-operator experiments, imply further strong non-linearities 
in the underlying mechanisms.  On the psychological side, a number of informal 
observations suggest that unconscious as well as conscious processes are likely 
to be involved.  And finally, the demonstrated lack of dependence of the 
phenomena on distance and time will severely strain any model rooted in 
classical physical theory.  Clearly, we must face some fundamental reassessment 
of several entrenched assumptions about the nature of reality before attempting 
to compose an explicating model of these human/machine and remote 
perception information anomalies. 

Given all at this, it is essential to approach the modeling task at a very 
rudimentary level.  As a start, we might reiterate the four generic ingredients that 
pervade all of the research outlined above: 
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 1. A random physical process, driving an output data stream from a simple 
device; or an array of physical details embodied in a randomly selected 
geographical target. 

 2. Consciousness, of the operators, percipients, or agents, acting under some 
intention, volition, or desire. 

 3. Information, coded in binary form, being added to, or extracted from, the 
random process. 

 4. A resonance, or bond, or sharing of identity between operator and ma-
chine, percipient and agent, percipient and target, or two operators, that 
facilitates the information transfer between the consciousness and the 
random process. 

 
It may also be helpful to note that these are just special cases of the more 

general ingredients that characterize virtually any form of creative human ex-
perience: 
 
 1. An unrefined or unfocused environment, resource, or context that pro-

vides raw material for the creation. 
 2. Consciousness, driven by some intention, purpose, or desire. 
 3. Information, in some physical, intellectual, or emotional form, flowing 

between the consciousness and he pertinent environment. 
 4. A resonance between the consciousness and the environment that nur-

tures the creative task, be it artistic achievement, athletic performance, 
intellectual rumination, or emotional stimulation. 

 
In other words, the narrow range of consciousness-related anomalous phe-

nomena we have been studying in the laboratory may be an indicative micro-
cosm of a much broader genre of human capacity — the capacity to create; to 
order, to heal, or to stimulate.  Thus, in attempting to model our empirical data 
we may in fact be modeling the essence of human creativity. 

Very briefly, our strategy has been to appropriate the one form of existing 
physical theory that acknowledges a proactive component of human observa-
tion) however obliquely, namely the so-called “Copenhagen” interpretation of 
quantum mechanics, and to extend its concepts and formalisms to include con-
sciousness much more broadly and explicitly.  We thereby attempt to extend 
what has been termed the “physics of observation” into a “physics of experi-
ence” that encompasses both objective and subjective components of the in-
formation acquisition.  [The main postulates of this experiential model, which 
are developed in detail elsewhere [7, 28], may be summarized as follows: 
 
 1. Like elementary particles (a form of matter), and physical light (a form of 

energy), consciousness (a processor and generator of information) en- 
joys a “wave/particle duality” which allows it to circumvent and pene-
trate barriers, and to resonate with other consciousnesses and with ap-
propriate aspects of its environment.  Thereby it can both acquire and 
insert information, both objective and subjective, from and to its reso-
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nant partners, in a manner that would be anomalous in its “particular” 
representation. 

 2. The celebrated quantum mechanical principles of “uncertainty”, exclu-
sion”, “superposition”, “indistinguishability”, etc., all of which are inex-
plicable in classical scientific terms, may be regarded as metaphors that 
are at least as characteristic of the experiencing/observing consciousness 
as of the physical systems and processes with which it interacts.  Mani-
festations of these metaphorical “consciousness principles” can readily be 
noted in a broad range of human activities and relationships. 

 3. The traditional objective properties and coordinates of physical theory, 
such as distance, time, mass, charge, momentum, energy, etc., can simi-
larly be generalized to encompass corresponding subjective experiences, 
the more rigidly defined objective descriptions of which are useful tools 
for analytical purposes. 

 4. The composite theory is not a model of consciousness, per se, nor of 
the physical world.  It is rather a model of the experiential products of 
the interpenetration of an otherwise ineffable consciousness into an 
equally ineffable physical surround. 

 
 

Using such a perspective and vocabulary, it is possible to erect various 
consciousness “structures” and “interactions,” using much the same metaphoric 
license that early quantum physics invoked in postulating its “planetary” atom or 
the “standing wave patterns” of bound electronic structures.  In similar spirit, 
consciousness “atoms” may be assembled wherein the experiences of an 
individual are represented by patterns of standing waves, akin to the bound 
electronic configurations of physical atoms.  These consciousness atoms thus 
defined may be combined into consciousness “molecules” that display distinctly 
different characteristics than their constituents.  This bonding process, which is 
classically inexplicable even in physical situations, is a serviceable format for 
representation of the anomalous operator/machine and percipient/target 
interactions observed in the laboratory, and for broader comprehension of 
many other subjectively experienced phenomena as well.  For example, in 
the physical regime, when the wave patterns of the valence electrons of 
two atoms come into close interaction, they cannot be distinguished in any 
observable sense.  This loss of information about the electron identities, when 
properly acknowledged in the quantum mechanical formalism, leads to an 
“exchange energy” which is anomalous in classical terms, but is nonetheless 
the basis of the molecular bond.  (This process is an excellent example of the 
fungibility of energy and information mentioned earlier.)  Our metaphor would 
thus predict that an individual consciousness immersed in a given physical 
situation would sustain a set of characteristic experiences.  A second individual, 
exposed to the same situation, would manifest a different set of experiences.  
However, if these two consciousnesses were strongly interacting, their 
experiential wave patterns would become resonantly intertwined, resulting in a 
new pattern of standing waves in their common environment.  As demonstrated 
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in the co-operator experiments mentioned above, these “molecular” experiences 
may be quite different from the simple sum of their “atomic” behaviors, and if 
we insist on treating them as such, they will appear anomalous.  In their own 
properly constituted “molecular” context, however, they are quite normal and, in 
principle, predictable. 

Even our individual operator/machine effects may be addressed in this fashion 
if we are willing to concede some form of “consciousness” to the machine, in 
the sense that it, too, is a system capable of exchanging information with its 
environment.  Thus, a bonded operator/ machine system should not be 
expected to conform to the isolated operator and isolated machine “atomic” 
behaviors, but to establish its own characteristic “molecular” behavior. Viewed 
as an influence of one “particulate” system (the operator) upon another (the 
REG), the empirical results are inexplicable within the canonical behaviors of 
the isolated systems; viewed as a process of wave-mechanical resonance 
between two components of a single interactive system, the behavior is 
appropriate.  Otherwise put, the surrender of individual subjective identity 
within the human/machine bond is manifested in the appearance of objective 
information on the digital output string of the bonded system; i.e., the entropy of 
that data string has literally been reduced by the resonance.  And when this 
human/machine resonance is enhanced by a bond between co-operating 
participants, the entropy reduction appears to be more pronounced. 

Such a model can also be applied to the remote perception effects in terms of a 
bond between the percipient and the agent that enables the “anomalous” 
acquisition of information about the prevailing physical target environment in 
which both are subjectively immersed.  Alternatively, the resonance may be 
between the percipient and the target scene itself, with the agent assigned to a 
more passive facilitating role.  In either representation, the merging of 
subjective identities again enables the transfer of objective information, in this 
case manifesting as a quantitative coherence between the agent and percipient 
response forms. 

In this fashion, we have succeeded to some extent in establishing a scholarly 
dialogue between empirical data and a representative theoretical model that 
encompasses both objective and subjective dimensions of the phenomena.  To 
be sure, this dialogue yet lacks a precise metric and full quantification, but it 
has nonetheless proven useful in correlating experimental results, suggesting 
new experimental designs and tests, identifying salient parameters, and 
prompting subjective conceptualizations of the nature of the phenomena.  For 
the remainder of this paper, let us indulge in some speculations regarding 
the possible generalization of such a strategy to the establishment of a more 
comprehensive science of the subjective. 
 
 
 

Requisites and Tactics of a Subjective Science 

The construction of a comprehensive science of the subjective will require the 
harmonious melding of many components, some of which may be transposed 



216 R, Jahn and B. Dunne 

intact from established objective science, others of which will require 
modification or generalization, and yet others of which must be added anew.  In 
the first category, for example, we certainly must retain the commitment to, and 
reliance upon, sound empirical data and incisive theoretical models that are 
maintained in a healthy dialogue with one another.  Nor can there be any 
abrogation of the proper scientific attitude:  well-informed on previous and 
contemporary work; open to new ideas, new scholars, and new results; and 
humble in the face of empirical evidence, especially those anomalous effects 
that seem to contradict established beliefs.  But in the second category, there 
will be the need to generalize conceptual vocabularies and currencies to 
accommodate both subjective and objective experience, to search for their 
measurable quantifiers and standards, and to loosen the constraints on 
replicability as applied to subjective parameters.  And in the third category, 
certain prevailing epistemological and ontological presumptions will need to be 
replaced by radically different perspectives.  Let us develop a few of these 
components in a bit more detail. 
 
 

Replicability 

To begin with, it will be necessary to broaden quite generously the 
definition of experimental replicability to accommodate the hyper-statistical 
character of the interactive processes and their participants, the intrinsically 
elusive nature of many of the phenomena, and the subjective dimensions to 
which they relate.  For example, any event involving a proactive 
consciousness must be expected to reflect personal characteristics, which in 
turn may vary widely from individual to individual, from mood to mood, from 
context to context, and from environment to environment.  To require that all 
participants and their physical targets display the same patterns of behavior in 
any given subjective-objective interaction with infallible replicability makes no 
more sense than expecting everyone to be a great artist, a great mathematician, 
or a great lover, or any creative genius to perform with the same 
effectiveness on a day-in, day-out basis.  To ignore the influence of 
environment, be it physical, cultural, or emotional, on such processes would 
be as silly as expecting a great composer to produce the same quality of work 
in a boiler factory as in his music chamber.  But this futility of imposing 
quantitative micro-replicability standards need not obscure the useful 
parametric correlations that the subjective science could provide concerning the 
macro-statistical pattern of experience.  In our PEAR experiments, for 
example, the evidence that female effects distribute differently than male; that 
bonded couples perform better on average than unbonded or like-sex pairs; or 
that overall effect sizes are independent of intervening distance or time, are 
consequential statistical generalizations that can stimulate theoretical models, 
predicate more incisive empirical studies, and enable more powerful 
conceptualizations.  Similarly broad statistical dialogues will need to be 
accommodated in any other application of subjective science. 
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Subjective Metrics 

Closely related to the issue of replicability is the need to identify viable 
quantifiers and standards of the subjective coordinates and properties that 
will appear in the data and the models.  We know how it feels to be “heavy-” 
or “light-hearted;” to have our mind “miles away” from a given topic; to be 
“all charged up” about an issue; or to be “spinning” in confusion.  Through 
our language, we have developed means of expressing these feelings in terms 
that are broadly comprehensible to others.  But can we find the meters, in the 
internal neurophysiology or elsewhere, that will enable us to quantify these 
parameters to a degree permitting constructive dialogue between subjective 
experience and objective physical events?  Our own first attempts at such 
codification drew from an assortment of psychological and physiological 
anecdotes, linguistic precedents, and intuitive speculations and served more to 
sketch the problem than to solve it [7, 28].  Clearly, quantification of the 
subjective is a crucial and complex task that will require open-minded colloquy 
and innovative collaboration among such diverse disciplines as neuroscience, 
psychology, anthropology, physics, and engineering, to make more 
substantial progress.  Perhaps we may take heart from Arthur Eddington’s 
reminder that the “objective” physical metric itself is not all that tidy: 
 
 
Quantities like lengths, duration, mass, force, etc. have no absolute significance; 
their values will depend on the mesh-system to which they are referred... there is no 
fundamental mesh-system.  In particular problems, and more particularly in restricted 
regions, it may be possible to choose a mesh-system which follows more or less closely 
the lines of absolute structure in the world, and so simplify the phenomena which are 
related to it.  But the world structure is not of a kind which can be traced in an exact 
way by mesh-systems, and in any large region the mesh-system drawn must be 
considered arbitrary.  In any case the systems used in current physics are arbitrary [29]. 
 
 
 

Metaphor 

The PEAR approach to a model of reality based on the interpenetration of 
consciousness and its environment outlined earlier has occasionally been 
criticized as being “only a metaphor.”  This troubles us little, for upon deeper 
reflection, all of science is, to a large degree, metaphoric.  Any search for new 
knowledge begins with some form of subjective experience, which 
consciousness then attempts to describe, catalogue, and comprehend by 
comparison with other previously catalogued and comprehended descriptions of 
experience.  The metaphoric ladder thus constructed may reach lofty intellectual 
heights, but its lowest rungs inevitably rest on very subjective, perhaps even 
archetypal, ground.  The most basic physical concepts of distance, time, mass, 
charge, force, energy, linear and angular momentum, et al., are all metaphorical 
representations with self-evident analogies in subjective human experience that 
doubtless impelled their first objective specifications.  Indeed, one may argue 
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that all of the formalisms of mathematics and statistics, and the number 
system on which they are based, are themselves symbolic metaphorical 
extrapolations of the primordial human propensities to establish order and to 
count.  No, metaphor is not a sloppy form of conceptual representation; it is a 
critical step in establishing the foundations of any objective science, and it will 
be even more indispensable in creating a subjective science.  In fact, the implicit 
reliance of objective science on metaphor as a means of sensorial association 
will need to be elevated to a more explicit functional role, wherein the 
commonalties of superficially disparate experiences can be assembled into 
an interdisciplinary skeletonic structure of corporate, rather than cellular, cause 
and effect.  Jonas Salk focuses on this point in his book, Survival of the Wisest: 
 
 
Man has come to the threshold of a state of consciousness, regarding his nature and his 
relationship to the Cosmos, in terms that reflect ‘reality.’  By using the processes of 
Nature as metaphor, to describe the forces by which it operates upon and within Man, 
we come as close to describing ‘reality’ as we can within the limits of our 
comprehension.  Men will be very uneven in their capacity for such understanding, 
which, naturally, differs for different ages and cultures, and develops and changes in the 
course of time.  For these reasons it will always be necessary to use metaphor and 
myth to provide ‘comprehensible’ guides to living.  In this way, Man’s imagination and 
intellect play vital roles in his survival and evolution [30]. 
 
 

Epistemology, Ontology and Teleology 

It will also be crucial for the subjective science to distinguish far more sharply 
between its epistemology and its ontology than is commonly acknowledged 
in prevailing objective science.  Indeed it may be most productive to relegate 
objective ontology to an irrelevant, or at least ineffable, status.  The need for 
an absolute reality, so precious to objective science, now must evaporate in 
favor of more participatory, probabilistic, and holistic experiential patterns 
whose characteristics are represented and analyzed by the same minds who 
experience them and, in this sense, create them.  This subtlety was well 
recognized by Albert Einstein, who articulated it in many of his philosophical 
writings: 
 
Concepts which have been proved to be useful in ordering things easily acquire such an 
authority over us that we forget their human origin and accept them as invariable [31]. 
 
The system of concepts is a creation of man together with the rules of syntax, which 
constitute the structure of the conceptual systems...  All concepts, even those which are 
closest to experience, are from the point of view of logic freely chosen conventions, just 
as is the case with the concept of causality [32]. 
 
. . . even scholars of audacious spirit and fine instinct can be obstructed in the 
interpretation of facts by philosophical prejudices.  The prejudice... consists in the faith 
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that facts by themselves can and should yield scientific knowledge without free 
conceptual construction [33]. 
 

In other words, any physical model is no more than an objectification of some 
form of subjective experience, useful for analytical purposes but not to be 
confused with any deeper ontological reality.  In pursuing this wisdom, one is 
struck by yet another metaphor; namely, that much as the elementary physical 
particles reveal their properties only in their interactions with some physical 
environment, e.g. a bubble chamber, Geiger counter, or photographic 
emulsion, so consciousness also defines itself only in its interactions with its 
physical surround.  Conversely, just as physical detectors respond only to 
external stimuli, the “objective” properties of the universe are, without 
exception, only defined by some inquiring, ordering consciousness. 

This recognition, in turn, opens the door to admittance of the most powerful, 
but most difficult to represent, family of subjective parameters, those of the 
teleological genre that comprise conscious (and very possibly unconscious) 
intention, desire, will, need, or purpose.  These are demonstrably primary 
correlates of empirical consciousness-related anomalies of all ranks, from 
laboratory-based microscopic human/machine effects, to macroscopic 
poltergeist phenomena, to creativity of all forms.  They are explicitly 
postulated in Lamarckian evolutionary models, clearly implicated in many 
forms of medical anomalies, and central to most religious belief systems.  This 
teleological ability of living systems to influence their environments 
desperately needs to be postulated in clearly testable form, corresponding 
experiments performed with precision, and the results interpreted in sound and 
enlightened scientific methodology, attitude, and conceptual currency.  The role 
of teleology will be a keystone of the proposed science of the subjective, and 
thereby of the advance of our culture. 
 
 
 

Resonance 

One of the most proliferate and dramatic modes of interaction in all objective 
science is that of resonance, the coupled sympathetic oscillations of 
participating components of mechanical, electromagnetic, thermodynamic, 
quantum, or biological systems that can produce extraordinary physical effects 
and responses.  The corresponding subjective concept of resonance as facilitator 
of deeper personal experiences such as trust, hope, and affection are also well 
acknowledged.  But in the new science of the subjective, resonance assumes 
the even more critical role of coupling the subjective and objectives hemispheres 
of experience to one another via its demonstrated capacity for imparting order to 
random physical processes.  Such resonance devolves from the principle of 
indistinguishability mentioned earlier, whereby the surrender of information 
distinguishing the two interacting subsystems within a single complex system 
translates into enhancement of the structural strength of the bonded system.  
Thus, when the perceived boundary between consciousness and its physical 
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environment is permeated via subjective merging of the “I” with the “Not I,” 
the resultant bonded system may manifest tangible alterations in both the 
environment and the corresponding experience of the consciousness.  If this 
resonance entails a teleological component, be it conscious or unconscious, 
the bonded system may acknowledge that intention in some characteristic 
manner.  As suggested by our experimental results, the scales of such 
effects may be marginally small, making them difficult to identify on an 
incident-by-incident basis.  Nonetheless, they can manifest in significant 
probabilistic trends accumulated over large bodies of experience.  This leaves 
us with the intriguing possibility that what we denote as “chance” or “random” 
behavior, in any context, rather than deriving from some ultimately 
predictable, fully mechanistic behavior of a deterministic physical world, is 
actually an immense subsumption of a broad distribution of potentialities 
reflective of all relevant resonances and intentions of consciousness with 
respect to the system or process in question.  Eddington proposed the possibility 
in only slightly different terms: 
 
 
It seems that we must attribute to the mind power not only to decide the behavior of 
atoms individually but to affect systematically large groups — in fact to tamper with 
the odds on atomic behavior... Unless it belies its name, probability can be modified in 
ways in which ordinary physical entities would not admit of.  There can be no unique 
probability attached to any event or behavior; we can only speak of ‘probability in 
the light of certain given information,’ and the probability alters according to the 
extent of the information [34]. 
 
 

Complementarity 

It would be wrong to cast this plea for creation of a science of the subjective 
solely in terms of a replacement for, or even an extension of, precise objective 
science.  Rather, if they are to be mutually productive, the two perspectives 
need to complement each other, in very much the same spirit as the 
Complementarity Principle first proposed and later generalized by several early 
quantum physicists.  Niels Bohr originally conceived this profound idea to 
ameliorate the wave/particle dilemma in quantum mechanics, in the sense 
that neither the wave nor the particle was to be regarded as the “correct” 
representation of atomic-scale physical matter, but that both were needed to 
triangulate its evidence and comprehension.  Bohr himself quickly recognized 
that this complementarity was not solely a physical property, but a much more 
fundamental aspect of human consciousness: 
 
...we must, indeed, remember that the nature of our consciousness brings about a 
complementary relationship in all domains of knowledge, between the analysis of a 
concept and its immediate application... in associating the physical and the psychical 
aspects of existence, we are concerned with the special relationship with 
complementarity which it is not possible thoroughly to understand by one-sided 
application either of physical or of psychological laws... only a renunciation in this 
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respect will enable us to comprehend... that harmony that is experienced as free will and 
analyzed in terms of causality...  The real problem is: how can that part of reality that 
begins with consciousness be combined with those parts that are treated in physics and 
chemistry?  Here we obviously have a genuine case of complementarity [35]. 
 

Bohr’s colleague, Werner Heisenberg, author of the uncertainty principal, 
expressed a very similar recognition: 
 
We realize that the situation of complementarity is not confined to the atomic world 
alone; we meet it when we reflect about a decision and the motives for our decision, or 
when we have the choice for enjoying music and analyzing its structure [36]. 
 

They were joined in this generalization by Wolfgang Pauli, most celebrated 
for his “Exclusion Principle,” but perhaps more importantly for our purpose, 
for his collaboration with Carl Jung on the concept of “sychronicity.”  Pauli 
wrote: 
 
On the one hand, the idea of complementarity in modern physics has demonstrated to 
us, in a new kind of synthesis, that the contradiction in the applications of the old 
contrasting conceptions (such as particle and wave) is only apparent; on the other hand, 
the employability of old alchemical ideas in the psychology of Jung points to a deeper 
unity of physical and psychical occurrences.  To us... the only acceptable point of view 
appears to be to the one that recognizes both sides of reality — the quantitative and the 
qualitative, the physical and the psychical — as compatible with each other, and can 
embrace them simultaneously... It would be most satisfactory of all if physics and 
psyche could be seen as complementary aspects of the same reality [37]. 
 

While it may be presumptive to embellish this wisdom, it is our opinion 
that the powerful philosophical extension of the principle of complementary 
into the domain of human consciousness that Bohr first proposed propagates its 
roots even more deeply into the subjective foundations of modern science than 
even he may have imagined.  Objective science, in its neoclassical format, 
and subjective science, as we now propose it, should be regarded as two 
complementary ethics, fundamentally united by the yearning of the human 
consciousness for understanding of its relationship to the cosmos and for 
participation in the creation of reality, although necessarily distinguished by the 
tactical approaches employed in pursuing these goals.  Thus, objective science, 
launching itself from the sharp distinction between self and non-self implicit 
in its Aristotelian heritage, must continue to utilize its ability to discriminate, 
to isolate, and to represent elements of reality via precise observation and 
dispassionate logic.  Subjective science should complement this thrust by 
acknowledging and utilizing the innate consciousness strategies of association 
and assimilation to achieve a unity of self and not-self, in its search for a 
participatory role in the mechanics of creation.  Failure to recognize and 
utilize the essential complementarity between these objective and subjective 
strategies and purposes of consciousness within an integrated scientific method 
will ultimately frustrate any research, experimental or theoretical, that 
attempts to comprehend either the dimensions of human consciousness or the 
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subtleties of the physical world.  In fact, it is this very failure that lies at the 
heart of the generic philosophical impasse that is confounding our 
contemporary cultural condition.  Einstein stated the problem succinctly 
several decades ago: 
 
 
Science without religion is lame; religion without science is blind [38]. 
 
 
In the interplay of objective intellect and subjective spirit, we are dealing 
with the primordial conjugate perspectives whereby consciousness triangulates 
its experience.  The issue is whether these will be deployed in mutually 
encumbering contradiction, or in mutually fulfilling complementarity.  The 
desirability of the latter course has long been recognized and propounded in 
various abstract contexts, but it has never been satisfactorily formulated in 
practical terms.  Clearly, we do not yet have an explicit formula, but we can now 
rigorously demonstrate on the laboratory bench, and to some extent in the 
corresponding models, that human intention, will, volition, desire, by any name, 
deployed in self-surrendering resonance with even a simple physical system or 
process, can significantly affect the latter’s behavior, and that the same 
deployment of human intention in resonance with another human 
consciousness can condition their mutual reality to a significant extent.  The 
challenge ahead of us is to extend such databases and models into many other 
scholarly and pragmatic sectors, from whence to weave a new fabric of 
complementary science that respects and utilizes subjective qualities as much 
as objective, aesthetic sensitivities as much as analytical logic, and mystical 
insights as much as tangible evidence.  Although we face monumental obstacles 
of conceptualization, vocabulary, and measurability on our road to this holistic 
science, we should be sustained in the effort by the recognition that science of 
any era has always been no more than a particularly disciplined form of 
human inquiry; that scientific vocabulary has always been only a subset of 
human linguistics; and that scientific observation and scientific 
conceptualization have always drawn metaphorically from broader and less 
tangible human experience.  It is not unfounded, therefore, to hope that the same 
exquisite consciousness that has so brilliantly conceived and refined its science 
of the objective, and that has at the same time so fully experienced and 
celebrated the subjective dimensions of its life, can now finally integrate these 
complementary perspectives into a super-science of the whole, wherein 
consciousness will stand as full partner with its cosmos in the establishment of 
reality. 
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Abstract—Many human activities are affected by the weather, and there is a
long history of rituals and ceremonial efforts aimed at controlling it. In mod-
em societies, such efforts are largely vestigial and amount to informal hoping
or wishing for good weather for special occasions. Reunion and commence-
ment activities at Princeton University, involving thousands of alumni, grad-
uates, family and others, are held outdoors, and it is often remarked that they
are almost always blessed with good weather. A comparison of the recorded
rainfall in Princeton vs. nearby communities shows that there is significantly
less rain, less often, in Princeton on those days with major outdoor activities.

Introduction
Large gatherings of people with a common interest provide opportunities to
assess a possible effect of their collective intentions or wishes on the environ-
ment. Repeated gatherings may provide the essential components of a natural
experiment allowing formal assessment of potential effects of group con-
sciousness. For example, many of the year-end ceremonies at Princeton Uni-
versity traditionally bring huge numbers of people together in planned out-
door events. Of course everyone involved hopes the weather will be pleasant
and dry for Reunions, the traditional P-Rade of alumni, and all the varied ac-
tivities associated with Princeton's Commencement, and it seems remarkably
often to be so. It is quite common to hear someone remark, "As usual, the rain
stayed away, but no wonder, with all those people wishing for good weather."
Indeed, it is likely that most Princetonians have heard this idea expressed, and
many will half-seriously have said something along these lines themselves.
President Clinton was invited to give an address at the 1996 Commencement,
making contingency plans considerably more difficult than usual. An article in
the local newspaper1 about the complex preparations included a description of
the conditions that could require moving 10,000 people indoors:

The third scenario is the Monsoon scenario, where it rains hard and commencement
has to be moved to Jadwin Gym. Traditionally, this never happens at a Princeton Uni-
versity commencement. Those few times in recent years when precipitation is not only
forecast but seems imminent, the rain has miraculously held off.

'Barbara Johnson. Princeton Town Topics, Wednesday, May 22, 1996.

47
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For most people it feels natural to wish and hope for good weather for the
springtime alumni celebrations and the ceremonies of Commencement, but
it's something else again to expect any corresponding result. Nevertheless,
whether there might indeed be some effect of those hopes and wishes is an in-
teresting question. By modern, scientifically conditioned standards, it seems
unlikely, but with a properly formulated analytical approach it is possible to
obtain an objective answer to the question.

The Archives
The Seeley G. Mudd Library archives includes documents on Commence-

ment and related activities going back 250 years. Autumn was the season for
graduation during Princeton's first century, with nearly all ceremonies held in
September, but in 1844 the University began celebrating Commencement in
the Spring, nearly always in June. Beginning in 1922 the graduates received
their degrees on the lawn outside Nassau Hall and, weather permitting, this
has been the venue since that time.

By tradition, the day of Commencement is a Tuesday, with Baccalaureate
and Class Day on the preceding Sunday and Monday, respectively. The actual
date varies considerably, and in this century the Tuesday chosen has gradually
moved from late and middle June to earlier dates until, as in 1995, Com-
mencement was held in late May.

Traditionally, the graduation festivities begin with the Reunions of the large
and deeply interconnected Princeton alumni family, a gathering that culmi-
nates in the renowned Alumni P-Rade on the Saturday preceding commence-
ment. Thus, there are actually four days packed with major events related to
Reunions and Commencement, and most of the activities are planned for the
outdoors, with large numbers of people sharing an interest in having good
weather. In recent times, as many as 15,000 alumni, their families and friends,
and many well-wishers from the town, crowd the campus for the P-Rade. On
the day of Commencement, some 9000 tickets are provided to the 1100-odd
graduating seniors, 300 graduate students, their families and friends to attend
the ceremonies, planned for the green in front of Nassau Hall, with a contin-
gency plan for relocation to Jadwin Gymnasium in the event of bad weather.

The Weather Database
Given the dates of graduation over the years, the second part of our devel-

oping analytical picture requires data from the daily records of weather for
stations at Princeton and surrounding communities. The most important ques-
tion for the graduates, the alumni and the University administration, concerns
rain, since it definitely affects outdoor activities, and makes a rain contin-
gency plan necessary where possible. Although the weather is notoriously
fickle, because it is of abiding interest, our government provides services that
measure and document practically anything one might want to know about



Wishing for Good Weather 49

temperature, pressure, precipitation, etc., on a daily basis. A widely dispersed
network of stations records weather parameters in a standardized way, and
some have been doing so for much of the present century. One of these stations
operated in Pnnceton from 1950 to 1986, and some stations in surrounding
communities, e. g., New Brunswick, have daily records going back more than
70 years.

An Analytical Question
With the history of Princeton Commencements and the historical record of

local weather in hand, we can ask whether there is any difference in rainfall on
Commencement Tuesday in Princeton over the years, compared with rainfall
in nearby New Brunswick or Trenton on the same day. For a clearer picture, the
survey can be extended to other communities surrounding Princeton, and the
question formulated more specifically: Does the amount of precipitation on
the Tuesday of Princeton's Commencement tend to be less than the average
across surrounding communities on the same day? Such a comparison can be
made for the P-Rade, Baccalaureate and Class Day as well, and the days with
significant outdoor activities can be combined to give a larger and more gener-
al sample. The question needs refinement, however, to address the possibility
that Princeton might have a slightly different micro-climate relative to the sur-
rounding area (many people apparently do think of Princeton as something of
an oasis). An appropriate check on this possibility is a repetition of the analy-
sis on days that should be otherwise similar, but do not have a coherent group
motivated to wish away the rain. Presuming everyone's attention has turned to
other things, the days immediately following Commencement would seem to
provide a reasonably apt comparison standard for the eventuality that Prince-
ton's weather at this time of year is typically different from that of its neigh-
bors.

Because any analysis of already existing data must be considered post hoc, it
is essential to consider the implications of the choices made in conducting
such a "natural experiment". Given an explicit experimental hypothesis, e. g.,
the weather is susceptible to influence from the conscious or unconscious
wishes of a group, and a well-justified choice of venue made before any actual
analysis, the results will correctly represent the viability of the hypothesis. The
present case meets these criteria, in that the experimental question was raised
specifically for the Princeton situation, with no prior examination of any rele-
vant data, and the records chosen for analysis were specific and appropriate to
the hypothesis. Replications of this natural experiment elsewhere will be re-
quired to assess the robustness and generality of its findings, and they can
readily be performed using the same approach. For example, the Rosebowl
game and parade in Pasadena are said nearly always to have good weather, de-
spite that they occur on New Years day, during California's rainy season.
Again there is a human expectation and desire for good weather, and a simple
analysis can compare the rainfall in Pasadena on New Years day with sur-
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rounding locales and days to determine whether there is a difference in accor-
dance with the hypothesis.

The Analysis
The daily records of precipitation at Princeton and six surrounding stations

were obtained from the National Climatic Data Center, in Asheville, North
Carolina.2 The other communities used for comparison were Trenton,
Moorestown, Indian Mills, New Brunswick, Boonton and Belvidere, and the
data, measured in 100ths of an inch, were obtained for each day in June for all
years with daily records. Figure 1 is a map of the area, with Princeton and the
six surrounding stations indicated; their distance from Princeton varies from
about 10 to 40 miles.

For each station, an epoch of the nine days centered on the date of Prince-
ton's Commencement was generated for each of the years the Princeton sta-
tion was operating, and the precipitation index for those days was retrieved
from the database. Most measurements were made at either 6:00 AM, or 6:00
PM and, although the activities of interest are typically set closer to noon, the
readings were used directly as the amount of rain for the day. Averaging each
day separately across the 36-year period (1984 is missing from the Princeton
data) for Princeton and for all six of the other stations, a mean precipitation
index was obtained for each of the stations and days of interest. Figure 2 shows
a comparison of Princeton's average precipitation during the four days from
Reunions to Commencement with the corresponding composite for the six
other communities, and it does appear that the mean level of rain is lower for
Princeton on the days of the P-Rade, Baccalaureate and Class Day. However,
the average rainfall on Commencement over this period is slightly higher at
Princeton, mainly attributable to a downpour of some 2.6 inches on June 12,
1962. (The average for the surrounding stations on that day was a mere 0.95
inches.) Interestingly, members of the class of 1962 report that the rain held
off until after the ceremony.

Although they look suggestive, the variability of these data is too great to
justify a conclusion that any of the apparent differences are meaningful, and a
more incisive approach is needed. The common statistical tests for differences
are not appropriate because the data are not normally distributed. Figure 3 dis-
plays the frequency with which various amounts of rain occur, and indicates
why a simple test of the mean differences would be inappropriate. Both the
median and the modal precipitation levels are zero, and because of the enor-
mously skewed distribution, the mean is clearly not an ideal measure of cen-
trality for the comparisons we wish to make.

The figure clearly shows the large number of days with very little rain, and
progressively fewer days with larger amounts. About 72% of days in this time
period have no rain at all in Princeton, while the surrounding communities av-

2More information may be found at http://www.ucar.edu/, or by contacting data support specialist
Will Spangler, spangler@niwotscd.ucar.edu.
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Fig. 1. Central New Jersey, with Princeton and the six comparison stations indicated. Map gen-
erated by Tiger Mapping Service, http://tiger.census.gov.
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Fig. 2. Mean precipitation for Princeton compared with six surrounding towns on the four days:
P-Rade, Baccalaureate, Class Day and Commencement. One sigma error is indicated.

Fig. 3. A distribution of daily precipitation amounts displays a rapid decrease in the proportion
of larger accumulations.
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erage about 67% dry days, again suggesting that Princeton's weather tends to
be better than might be expected for the period of interest.

Proceeding to a more formal assessment, a non-parametric analytical ap-
proach that is designed to accommodate variables of this nature compares cu-
mulative distributions of the daily precipitation totals. Figure 4 displays, for
each of the four days of interest, Princeton's cumulative rainfall against the
composite of the six surrounding stations.

In this display, where the extraordinary rainfall recorded in 1962 plays a less
weighty role, Commencement day appears to be fair and dry somewhat more
often in Princeton than in the neighboring communities (Fig. 4d). Such a trend
toward less rain, less often, is quite persuasive on Saturday, Monday and Tues-
day, but on Sunday, the day of Baccalaureate (Fig. 4b), no clear tendency is ev-
ident. The amount of data available for these comparisons is too small to justi-
fy much interpretation, but it is noteworthy that this is the only day without
major outdoor activities since the Baccalaureate ceremonies take place inside
the University Chapel, regardless of the weather. In the other cases, the
Princeton data are shifted toward lower daily precipitation rates, but only on
Class Day (Fig. 4c) does the difference approach conventional statistical sig-
nificance, based on a non-parametric Mann-Whitney Ranks test, yielding a Z-
score of 1.607, with a corresponding probability of 0.054.

When we combine the data from the three days with major outdoor activi-
ties, the distributions are smoother, as can be seen in Figure 5, and the statisti-
cal power to determine whether there is a consistent difference between
Princeton and its neighbors is enhanced.

In this case it is necessary to consider any autocorrelation indicating non-in-
dependence among the days, but this is negligible for the sample in hand, with
a lag-one autocorrelation coefficient of 0.049. Pooling the rainfall accumula-
tions for these three days in Princeton to compare with the corresponding
pooled data from the surrounding stations, the Mann-Whitney test for a differ-
ence in the predicted direction yields a Z-score of 1.656, just exceeding the
conventional 5% threshold for statistical significance.

Thus, although the graphical displays are striking, and consistent with the
hypothesis, the formal statistical assessment based on data from 1950 to 1986
yields only nominally significant evidence that the apparent difference be-
tween Princeton and the surrounding communities is other than a chance fluc-
tuation. Moreover, to evaluate the situation fairly, we still must consider
whether Princeton might have a micro-climate that is different from its geo-
graphical surround. A similar comparison of the days following Commence-
ment, using the same cumulative distribution approach, is shown in Figure 6.
Here, the curves are scarcely distinguishable, and the Mann-Whitney test for
the pooled data comparing Princeton to the surrounding area yields a Z-score
of 0.222, with a related probability of 0.412.

While the formal comparison appropriately uses data for the surrounding
towns only from the years 1950 to 1986, most of these stations have a longer
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(4a)

CUMULATIVE RAINFALL SUNDAY
BACCALAUREATE

(4b)

Fig. 4. An ordered accumulation of daily precipitation totals shows less frequent, and smaller
amounts of precipitation in Princeton for three of the four days.
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(4c)

CUMULATIVE RAINFALL TUESDAY
COMMENCEMENT

(4d)

Fig. 4. An ordered accumulation of daily precipitation totals shows less frequent, and smaller
amounts of precipitation in Princeton for three of the four days.
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Fig. 5. Comparison of Princeton vs. the surrounding area, of rainfall accumulating on the three
days with planned outdoor activities: P-Rade, Class Day, and Commencement.

Fig. 6. Comparison of rainfall accumulating on three days just after Commencement, in Prince-
ton vs. the surrounding area.
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record, and if all years are used, nearly twice as many days are available to es-
timate the amount of precipitation accumulating in the surrounding area
around the time of Princeton's Commencement. If Class Day is compared with
this more comprehensive estimate, the Z-score is 1.814, with p = 0.035. When
this estimate is used in the comparison of the three outdoor days combined, the
result is Z = 1.996, and p = 0.023. Comparison of the three days following com-
mencement yields a corresponding result of Z = 0.540, p = 0.295. Though con-
sistent with the formal calculations, these "full database" values are vulnera-
ble to any longer-term changes in weather patterns. A direct comparison of the
data from the 36-year period of the Princeton weather station against the re-
maining data shows a marginally significant Z-score of 1.610, suggesting that
there may have been a change, and that we should not place as much weight on
these as on the statistically less powerful formal calculations.

Finally, we may ask whether the amount of precipitation is different over
time in Princeton itself, by comparing the days of interest with immediately
surrounding days, to see if this time period in Princeton differs from the sea-
sonal trend. This temporal comparison has a pattern similar to that of the spa-
tial differences. The composite Z- score ranges from 1.370 to 1.972 (p = 0.085,
0.024, respectively), depending on the number of surrounding days chosen for
the comparison. No obvious criterion is available for a fully formal compari-
son of the temporal trends, but again the data suggest that a small decrease in
the probability of rain is correlated with this large gathering of people for
shared enjoyment of outdoor ceremonies and activities.

A Curious Situation
Although many of us wish fervently for nice weather for special occasions,

and some are even motivated to offer up a little prayer, it doesn't seem likely
that many of us believe it will do any good. A modern education (such as
Princeton delivers) tends to include a surfeit of implicit reasons and arguments
against such an eventuality, and it certainly doesn't fit easily within our cur-
rent scientific models of the world. Yet, we recognize that these models are in-
complete, perhaps most glaringly because they have so little to say about
human consciousness, including such hopes and wishes as might, possibly, af-
fect the weather.

We have recently learned to view weather patterns in terms of chaos theory,
where infinitesimally small effects can expand into great changes; the beat of a
Brazilian butterfly wing may propagate through complex weather systems to
cause a downpour in a small New Jersey town. Could the effects of communal
interest from a great concentration of Princetonians compete with that butter-
fly wing?

A look at actual weather data seems to suggest that precipitation tends to
stay away from Princeton for the P-Rade, and Class Day, and Commencement,
to a somewhat unlikely degree. These intriguing results certainly aren't strong
enough to compel belief, but the case presents a very challenging possibility,
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because if the analysis is correct, the only good candidate to explain the appar-
ent differences, other than chance, would seem to be an influence from an in-
formal but powerful communal wish for dry weather. In any case, it surely is
premature to conclude, as the graffito has it, that God went to Princeton, but
we may need to reconsider the old saw, "Everyone talks about the weather, but
nobody does anything about it."
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Abstract Ð  An experiment in which participants were asked to reduce the
fringe contrast in a Young’s double-slit interference pattern has been 
conducted independently at two laboratories using the same apparatus. 
Participants at York University were explicitly invited to exert their 
intentionality either to direct the photon flux preferentially through one path
or the other, or to obtain spatial information about the division of the flux.
Participants at Princeton University were invited simply to reduce the fringe
contrast by any strategy they wished. Results from both laboratories 
(Z = - 0.481 and Z = 1.654 respectively) are discussed along with a description
of earlier efforts to frame this experiment as a test of an extra-sensory channel
for the acquisition of information.

Keywords: Young Ð  double-slit Ð  diffraction Ð  anomalies Ð  
human/machine interactions

Introduction

There have been many claims of successful demonstrations of anomalous 

perturbation of stochastic processes correlated with human intention (Radin &

Nelson, 1989), although the mechanism underlying such anomalies is not

known. The experiment reported in this paper was originally conceived as a

means of testing whether such statistical anomalies derive from an ability 

of the human operator to observe and collapse the quantum-mechanical 

wavefunction by extra-sensory means, rather than from an ability to select

from allowed outcomes. First results from York University have already been

reported elsewhere, couched in these terms (Jeffers, 1996). Briefly, human 

operators were invited to ª visualizeº  (observe, by extra-sensory means)

monochromatic light passing through a double slit, prior to its registration as

an interference pattern by an optical detector. It was predicted that such 

extra-sensory observation would manifest as a measurable departure of the 

interference pattern from theory due to premature wavefunction collapse. 
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Equipment

As sketched in Figure 1, a double-slit interference pattern is generated 

by a low power He-Ne laser illuminating a commercially available stainless 

steel disc in which two slits are cut 10 m m wide and 10 m m apart. The 

resulting interference fringes are detected by a linear diode array (Princeton

Applied Research Model #1453 with 1024 diodes). Figure 2 shows an ideal

(scalar Fraunhofer theory) interference pattern to which the measured 

interference pattern has been shown to conform very closely after subtraction

of background counts and correction for gain variation of the detector array 

(Jeffers et al., 1992). A stepper motor is used to chop the beam close to 

the laser aperture, effectively blocking the beam for two out of every three 

seconds. The diode array responses during the blocked and un-blocked phases

are digitized and passed to a PC for analysis. The response during the interval

Fig. 1.  Schematic of apparatus.

Fig. 2.  Double-slit diffraction pattern.



with the beam blocked serves as the background to be subtracted from the 

response during the subsequent interval with the beam un-blocked.

Objective

The chosen target of the analysis is the contrast of the interference pattern

defined as 

where Imax is the intensity at the central antinode and Imin is the average of the

(two) intensities at the first node on each side of the maximum. To counteract

the effects of jitter in the interference pattern, the locations of the extrema are

determined afresh for each exposure. The values of the intensity extrema are

deduced from the stationary points of a quadratic fit to the intensities (i.e.,
diode responses) at the three detector positions spanning each extremum.

Protocol

Each one-second (un-blocked, background subtracted) exposure Ð  called a

trial Ð  provides the sample values for the contrast. An operator session at 

the machine consists of a series of 41 runs, alternately designated active or 

inactive, comprised respectively of 11 and 10 trials each (Figure 3). During the

active runs, the interference pattern and an analogue indicator indicating the

contrast (a vertical bar of variable height) are displayed to the operator and 

updated immediately following the close of each trial. During the inactive runs

the display is blanked and the operator remains present but does not try to 

influence the results. (In use, operators found the analogue indicator a more

useful form of feedback than the plot of the interference pattern).

Prior to participation in the experiment, the operators at York were advised

to imagine that during the active runs they could identify (by extra-sensory

means) the path of the light beam near to the double slit. They were told 

that success at this task would be reflected in a less-well-defined interference

pattern, and a corresponding reduction in the contrast reported by the analogue 
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Fig. 3.  Division of an operator session (series) into runs and trials.
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indicator. There was no prior decision to run the experiment for a particular

number of series.

The operators at Princeton were given a slightly more goal-directed task.

Though it was explained that the experiment was designed to measure 

anomalous wave-function collapse, operators were told that their primary task

was to intend the analogue indicator bar to remain as low as possible. Due 

to already heavy demands on operator time, a prior decision was made at

Princeton to run the experiment for just 20 series, and then to analyze the data

and report the results.

Controls

At York, calibration runs consisted of 350 repetitive measures each 

comprising one second duration. At Princeton, calibrations were run in the

same manner as the experiment, but with no operator present. Calibration data

were gathered for approximately 100 series both before and after the 20 series

comprising the main experiment. To protect against thermal effects, the 

apparatus was otherwise continuously on, even though not collecting data, and

no experiments were performed for 24 hours after a power failure. The control

data from both sites were found to conform to chance expectation.

Results

Figures 4 and 5 show chronologically the active series results from York and

Princeton, respectively. The Z-score (Hays, 1994) for each series is computed

from the difference in contrast between the active and adjacent inactive runs.

The variance used is the empirical variance of the contrast during the adjacent

inactive runs.

The results from York have been reported previously as a table of contrast

Fig. 4.  Contrast Z-score for data from York University.



and variances (Jeffers, 1996). Note however that the column headings therein

were incorrectly labeled: the active and inactive data were transposed. The 

reported conclusion, that there was no effect of operator intention on the 

contrast, was based upon analysis of the inactive data. Nonetheless, the 

conclusion here is the same; the correctly labeled results also show no 

statistically significant effect of operator intention (Z = - 0.481).

In contrast, the results from the Princeton experiment are just significantly

different from chance at the 5% level, with a terminal Z of 1.654. Despite 

the marginal nature of the statistical yield, the scale of the observed effects 

is consistent with that observed in other Princeton experiments where 

substantially larger databases produced significant departures from chance

(Jahn et al., 1997).

In a secondary analysis the York results showed some other curious, if not

anomalous, statistics. Of the 74 series, 14 show |Z| >1.645, whereas the 

expected count is 7.4 (p= 0.014) which is largely attributable to an excess 

of negative results (Z<- 1.645; 3.7 expected, 9 observed, p= 0.011). As a 

consequence of this finding, we looked at the variances of the series Z-scores,

and found that they were indeed significantly elevated ( ¾ = 1.185; c 2= 102.4,

73 DF, p= 0.013). The source of the variance increase is not known, but the

same tests reveal no such anomaly in the control data.

Discussion and Further Work

Given the ample evidence in the literature of statistical anomalies correlated

with human intention, the major motivation for this effort was to improve our

understanding of the dependencies and invariants of the process, rather than

simply to provide more evidence of such anomalies. From this perspective we
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note that this particular anomaly apparently depends on some physical or 

psychological parameter which takes on different values in the experiments at

York and Princeton. One possible candidate is the instructions to the operator;

i.e., goal-directedness versus ª means-directednessº  at Princeton and York 

respectively. Possibly more relevant is the wider difference in approach and

philosophy of which these are consequences. There has evolved at Princeton a

laboratory culture and approach which seeks to ease the interface between 

operator and machine, primarily through laboratory ambiance, experimental

setting, and the informal relationship between operators and laboratory staff

within which efforts are made not to regard the former as subjects of study. 

The operators are uncompensated and encouraged ª to have funº  with the 

experiment. However, given the vast number of other psychological and 

physical factors that conceivably could be relevant, proper discrimination 

will require further experimentation. Clearly, larger databases from both 

laboratories would be desirable to consolidate these pilot findings. 

Subsequent reconsideration of the conceptual foundation of this experiment

led to the conclusion that, without supplementary constraints, premature

wavefunction collapse is indistinguishable from the action of an anomalous

force; anomalous wavefunction collapse prior to conventional sensory 

observation can be equally well described by the insertion of an anomalous

potential into the Hamiltonian, adaptively tailored to bring about the desired

correlation of final observation with intention. The class of model that seeks 

to explain statistical anomalies in these terms may be designated ª physically-

motivatedº  (e.g. Forwald, 1969), in contrast with ª statistically-motivatedº

models, which includes Decision Augmentation Theory (May et al., 1995) and

other statistical influence models.

In the spirit of the original conception of this experiment, a critical test to

discriminate between physically-motivated and statistically-motivated models

would involve measurement of a quantity not subject to statistical fluctuations.

If the unperturbed probability for the value of some observation is p(x),
statistically-motivated models require a non-zero p(x) to produce an anomaly;

physically-motivated models do not. Unfortunately however, the chosen focus

for this experiment Ð  the fringe contrast of the interference pattern Ð  is 

intrinsically noisy (around 5% of the peak value). Further, it was discovered

that the contrast noise was not due to the ª granularityº  of light at low photon

fluxes, but originated from within the detector itself; presumably the thermally

generated dark noise super-imposed on the detected signal. Hence, it was 

concluded that the experimental measure functioned essentially as a noise

process, fundamentally no different from the random event generators 

ubiquitous to this field, and therefore was inadequate to distinguish between

these two classes of model.

A discriminating test in a revised version of this experiment is possible if 

the intensity at a noise-free node in the interference pattern is the target of 

intention. Since p(x) would then by definition be zero, anomalous appearance



of a non-zero intensity at the erstwhile nodes could not be accommodated

within a statistically-motivated model. An anomalous force (effectively: 

the appearance of an anomalous refractive index in the path of the 

beam), or perhaps premature wavefunction collapse, would then be the 

preferred candidates. Possible future experiments along these lines are under 

consideration. B. Haisch (private communication) has made a suggestion for a

yet more discriminating test: see if anomalous perturbation of the interference

pattern can be adequately explained by contributions from two super-imposed

single-slit interference patterns. (Note however that correspondingly more

data would be required to resolve a particular induced pattern in the noise than

just to determine the deviation from expectation).

Summary

A Young’s double slit interference experiment has been conducted which

tested the capacity of human operators to change the interference pattern in

accord with their intention. The experiments conducted at York University

did not show any evidence that the human operators tested can succeed in this

task. The experiments conducted at Princeton University showed marginal 

evidence of an anomalous effect at a scale consistent with that of similar 

experiments with larger databases and corresponding larger effects.
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FieldREG II: Consciousness Field Effects: 
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Abstract Ð  Based on  form al analysis of 18 exploratory applications, 12 of

which have been reported previously, a testable general hypothesis for Field-
REG experiments has been postulated, nam ely that data taken in environ-

ments fostering relatively intense or profound subjective resonance will show

larger deviations of the mean relative to chance expectation than those gener-
ated in m ore pragm atic assemblies. The 61 subsequent FieldRE G applica-

tions reported here com prise 21 hypothesis-based formal replications, along

with 40 further explorations designed to learn more about the circumstances
that favor anomalous deviations. The results of the formal replications

strongly confirm the general hypothesis, yielding a com posite probability

against chance for the resonant subset of 2.2  ´ 10 - 6
com pared to 0.91 for the

mundane subset. The exploratory work suggests other venues in which anom-

alous effects of group consciousness can be expected, and also identifies a

number of situations that do not appear to be conducive to such responses.

Keywords: hum an/machine interactions Ð  engineering anomalies research
Ð  group consciousness Ð  resonance Ð  random event generator Ð  informa-

tion-fields

1. Introduction

This paper sum m arizes the status as of  June, 1997, of  an ongoing investigation

of random  event generator (REG) anomalies associated with human con-

sciousness that m ay be indicative of  something  like  a ª consciousness field,º

whereby particular  states of group consciousness m ay be m anifested in small

but significant changes in sensitive  physical system s. E arlier experim ental ev-

idence for  direct influence of  individua l intention on the statistical distribu-

tions of physical random  events has been documented in num erous research

articles and m eta-analyses (Radin &  Nelson, 1989; Jahn et al., 1997; Dobyns

&  Nelson, 1997; Jahn, Dunne, and  Nelson, 1987; Nelson et al., 1991). W hile

the effects in these experim ents are statistically robust, they resist explanation

via canonical scientif ic m odels, and have  lead us to propose broader interpre-

tations that explicitly acknow ledge  the involvement of subjective aspects of

consciousness in objective physical processes (Jahn & Dunne, 1997). 

These experim ents also indicated that some environm ental factors and sub-

jective reactions apparently were  reflected in unusual trends in the data. To

pursue such correlations further, a laboratory-based experiment called 
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ª ContREGº  was developed to record an indexed, continuously running data

sequence, with a facility to mark the beginning of events such as visitor

dem onstrations, or  sm all meetings in the im m ediate environm ent of the de-

vice. This in turn led to the developm ent of fully portable ª FieldRE Gº  equip-

m ent allowing acquisition of data in a broader range of environm ents. Using

similar equipm ent and protocols, the experim ents were then extended to ad-

dress t he question whether, under certain circum stances, groups of people m ay

also exert anom alous influences on t he  behavior of  REG devices, even in the

absence of  directed conscious attention . As descr ibed in a prior article (Nelson

et al., 1996), this speculation was supported em pirically, thereby broadening

the range of possible theoretical interpretations, and im pelling further basic

experimentation. In that paper  it was noted that the nam e ª F ieldREGº  is a

double entendre: i.e., the device is deployed in ª fieldº  experim ents, but also

appears to respond to changes in a ª consciousness fieldº  of  t he  sort that has

been proposed in a variety of different contexts by scholars from  several disci-

plines (Basham, 1959; Durkheim , 1961; Jam es, 1977; Sheldrake, 1981) . The

concept of such a consciousness field is also consistent with the informal testi-

m ony of  several of our  laboratory operators, who speak of achieving a state of

ª resonanceº  with the device during successful operation. I t a lso may be  relat-

ed to the  larger effect sizes found in laboratory-based experim ents using  bond-

ed co-operator  pairs (Dunne, 1991) . Conceptually similar, independent work

by Radin and others also has indicated that the nom inally random output of

well-calibrated REGs m ay be affected by group consciousness (Radin et al.,

1996; B ierm an, 1996; Radin, 1997) . 

Our pr ior  FieldREG data can be  divided into two categories: one that dis-

plays consistent statistical evidence for  anomalous effects, and another that

produces few significant deviations. On t he basis of this em pirical division, a

discriminating hypothesis for replication experim ents can be  proposed. In this

paper we will review the ear lier  experim ents leading  to that hypothesis, and

describe a set of confirmatory experiments, as well as a  new set of  expl oratory

studies t ha t suggest further  hypothesis-dr iven applications in the future. 

2. Equipm ent and Procedure

The F ieldREG systems consist of  either  a portable REG and a notebook

com puter with appropriate software, or  a  m icro-portable REG interfacing

with a pa lm top com puter. More detailed descr iptions of these are available in

previous reports (Nelson et al., 1996; Nelson, Bradish, and Dobyns, 1992).

The data consist of 200-bit trials generated and accumulated continuously at

approximately one tr ial per second, with a  tim e-stam ped index identifying

scheduled or unscheduled periods of  particular interest.

The protocol for  F ieldREG experiments requires specification of  a venue of

interest and a predefined criterion for selection of tem poral segments to serve

as sam ples wherein the hypothesized or predicted anom alous deviations are to

be sought. For  exam ple, if an academ ic convention were the venue, the indi-



vidual presentations in plenary sessions m ight be  specified as the data set of

interest. In a small group meeting with no readily identified presentations, ses-

sions or  m eeting  days might be used as t he tem poral unit for da ta acquisition.

Obviously these specifications must be  m ade prior to the data acquisition or

analysis. ( In a num ber of the ear ly exploratory applications t his pr ior  specif i-

cation was not m ade, and  an a posteriori statistical adjustm ent for m ultiple

analysis possibilities was required.)  Given the specifications, the da ta seg -

m ents are identified using tim e-stam ped index m arks registered via the com -

puter’ s appropriately program m ed F-keys, in conjunction  with onsite notes

taken by  the experimenter  or operator of  the equipm ent. For  exam ple, at foot-

ball games, individua l keys m ay be set to indicate the beginning of a hom e

team  drive , a f irst dow n, a touchdown, etc., thus allowing precise identification

of those segm ents of t he data stream  corresponding to time periods of  interest

in the  application. In other cases, sim ple ª beginº  and  ª endº  marks suffice to

identify the appropriate data.

The analysis begins with the identification and extraction of  those data seg -

m ents corresponding to the marked tim es of interest. The m ean deviations of

all segments t hen are calculated and normalized as Z-scores. The analysis for

m ost of the  data is based on a sum  of the squared Z-scores across all t he seg -

m ents, which is a c 2
distributed quantity. This is form ally a variance measure;

it quantif ies the var iability of the means of the active data segments. It should

not be confused with the distr ibution  var iance for  raw da ta or for arbitrar ily

defined runs of  data; these measures are sim ilar but not equivalent to our seg-

m ent var iance m easure. Since the segment lengths are represented in the Z-

scores, this sum  is not otherwise weighted. The number of  segm ents defines

the degrees of  f reedom, and a probability for the accum ulated deviation  within

the application is calculated from the corresponding distr ibution. S ince c 2
dis-

tributed quantities are additive, the  results for separate applications can be

summ ed within and across categories to yield an ove rall statistic representing

the data subset of interest.

For som e of the ear ly applications, the analysis was done prior to the devel-

opm ent of  the c 2
-based procedures, and an ª extrem e scoreº  assessment was

used. In this approach, the identified segments are examined to f ind the m ost

extrem e deviation, and its intrinsic probability is adjusted using  the  Bonfer-

roni inequality. This results in a probability (pB ) that is typically conservative

because it does not include contributions from  other  deviant, but less extreme

segments. To incorporate these older results into the present analysis, t he

equivalent c 2
is calculated as S - 2 ln pB , which has two degrees of  f reedom .

Although our  prim ary analysis of FieldREG data is based on a com parison

of em pir ical results against theoretical expectation , a kind of ª controlº  data

can be derived in m any cases from segments acquired before, after, and inter-

spersed between the active portions. These on-line  control data are assessed

using a resam pling procedure that com putes c 2
values from  random ly placed

segments corresponding in number and size to those of  the active  data. Our
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standard analysis repeats this resam pling process 1000 tim es to establish a dis-

tribution of variations from chance expectation. To check and confirm  the

probability associated with the pr imary c 2
calculated for the active  experimen-

tal data, it is com pared with the proportion of the  resam pled c 2
values that ex-

ceed it. Another check is made by  calculating a Bonferroni-corrected probabil-

ity for the m ost extrem e individual active data segment. Bot h of  these methods

yield values that typically are in good agreement with the primary calculation.

The resam pling  process also enables the com putation  of an adjusted c 2
that re-

flects the param eters of the resam pling distr ibution. These adjusted values are

found to vary around the  theoretically based calculations as expected, indicat-

ing that the fluctuations in overall control segm ent variance are random . Given

the conform ance of  the control data to chance expectation, we report only the

c 2
and probabilities for the active data referred to theoretical predictions (cf .

Appendix for  details).

3. Venues for Original FieldREG Applications 

A. Venues Showing FieldREG Effects (cf. Table 1a) 

1. Small Groups

The ear liest FieldREG applications were in sm all, intimate m eetings of the

Direct Mental and Healing  Interactions (DM HI) group and the International

Consciousness Research Laboratory (ICRL) ensem ble. Both of these groups

hold regular m eetings of professional researchers who know  each other  well

and who enjoy intense, ongoing  discussions of consciousne ss-related research

issues. These first applications were ana lyzed using  the Bonferroni-adjusted

extrem e va lue procedure, while later  m eetings of the groups were assessed

with the  c 2 algorithm . The data segm ents chosen for the latter analyses con -

sisted of  individual presentations by t he participants, alt hough since both

groups have a highly flexible and dynam ic character, some other segm entation

rule, for  exam ple, by sessions or days, m ight have  been more appropr iate.

2. Group Rituals

A member of a Covenant of  Unitarian Universalist Pagans (CUUPS) ex-

pressed interest in the  F ieldR EG work and the possibility t hat their group

m eetings, devoted to participatory rituals, m ight  be a prom ising  venue. A  bat-

tery-pow ered portable system was taken to a ser ies of  m eetings and t he begin-

ning and ending  of  the actual ritual noted, along with some indication of  the

ritual’ s meaning  or intent, e.g., a Sabbat, a  Beltane, t he Full M oon, etc. Tw o

groups of such data were included in the  original F ieldR EG database and bot h

show ed signif icant indications of  anom alous deviation.



In another context, a  Shoshone medicine m an met one  experim enter and

three other  people at the Devils (sic) Tow er monum ent in Wyoming to visit the

sacred site and  to perform a ritual healing ceremony. His special interest is in

the preservation of  places considered sacred by the  Native Am erican tr ibes,

and he designed the r itual to serve  that end. Although  he  was aware of the  

FieldRE G research project, he regarded it as peripheral to the pr imary purpos-

es of  his interaction with us and the sacred site. 

3. Sacred Sites

The role of the physical place itself was asse ssed more directly subsequent

to the analysis of  the or iginal F ieldREG data, but these applications were con-

sonant in some im portant respects with other predictor categories, especially

that of Group Rituals. For  exam ple, data were taken in the course of one tra-

verse around the Devils Tow er monum ent tha t was intended solely for  direct

enjoyment and appreciation of  the remarkable site, subsequent to an i ntensive

experimental project related to dow sing  which is included in category B .3,

Special Investigations, and is detailed elsewhere (Nelson & Apostol, 1996).

This tour was focused by the intention to m ake photographs of var ious special

perspectives, including the site of  the m edicine cerem ony and som e ª favoriteº

FieldRE G II: Consciousness Field Effects 429

TABLE 1a

Original F ieldREG Applications Showing Anomalous Results 

Venue Date N-Trials c 2
df p Effect 

Small Groups

DMHI* Dec 93 100000 7.224 2 .027 .0061

DMHI* Dec 94 100000 5.838 2 .054 .0051

ICRL* Mar 94 30000 3.653 2 .161 .0057

ICRL* Dec 94 30000 2.315 2 .315 .0028

ICRL May 95 29320 5.209 4 .267 .0036

All Small Groups 289320 24.239 12 .019 .0039

Group Rituals

CUUPS Pagan Circle* 93, 94 25000 12.604 6 .050 .0104 

CUUPS Pagan Circle*  94, 95 35000 20.901 9 .013 .0119 

Shaman, Devils Tower Oct 94 1258 7.701 1 .0055 .0717 

All Group Rituals 61258 41.206 16 .00052 .0132

Sacred Sites

Devils Tower Tour Oct 94 4310 14.792 7 .039 .0268

Wounded Knee Oct 94 9985 9.730 6 .137 .0109 

All Sacred S ites 14295 24.522 13 .027 .0161

Music/Theater

Humor Convention* Apr 95 25000 38.995 20 .007 .0491 

Charismatic Event

Academy, on Ritual* July  94 60000 10.370 2 .0060 .0103 

Predict Effect, Total 449873 139.332 63 1.08 ´ 10- 7
.0077

* Included in previously published F ieldREG database. The number of  trials is an estimate of

the full database size.
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spots wh ich were noted during the dow sing  experim ents but could be given lit-

tle attention at the time.

Wounded Knee in South Dakota is t he  location  of  a massacre of  an entire

tribe of Sioux in one of the  saddest chapters of the ª Indian warsº  in the course

of which the  tr ibal lands were progressively taken by the surging white popula-

tion. It is a desolate place, dominated by  a cem etery and a m onum ent with ex-

planatory and descr iptive  signs. It is considered sacred by the Indians, and en -

genders in the visitor a feeling of deep quiet.

4. Music and Theater

This category is represented in the predictor set only by a highly theatrical

humor conference, which was designed for professionals who use humor in

their work, but also for the purpose of enjoying hum or. The full program , in-

cluding even the coffee breaks, was designed to engage and enter tain, and to be

exem plary of humor. Although this ª conferenceº  m ight seem  to be an unusual

exam ple for a music and t heater category, its them atic structure and intent

were characteristic of  tha t genre, and the strong indication  of anom alous devi-

ation here supports the prediction of  an effect in theatrical and musical venues

that deeply engage  the audience.

5. Charismatic Events

At the two-week Academy of Consciousness Studies held at Pr inceton in

1994, data were recorded for most sessions. Alt hough  this was a  special gath-

er ing with some aspects of an academ ic conference, it entailed qua lities asso -

ciated with sm all, them atically oriented working groups. One  session am ong

60 showed a persistent deviation that was sufficiently extrem e to produce a

significant Bonferroni-corrected ove rall deviation for the Academy as a

whole. The  topic of the session was r itual in day-to-day life and the im por-

tance this natural m anifestation of  consciousness m ay hold for its ow n deeper

understanding. This application is thus related to the Ritual category, but it was

not designed or conducted as a ritual. The topic and the presentations were

deeply engaging , and several individuals independently reported shared reac-

tions that were subjectively very intense and coherent, suggesting that this

m ay be properly characterized as a charism atic event that pow erfully focused

attention and integrated the attending individuals into a group. At present

there are no confirm atory applications in this category. 

B. Venues Showing No Anom alous FieldREG Effects (cf. Table 1b) 

In the original F ieldR EG applications, priority was given to situations t hat

seem ed on intuitive grounds likely to produce the group coherence and en -

gagem ent that we suspected m ight foster  anom alous F ieldREG deviations.

Data also were taken at academ ic conferences, business meetings, and a num -

ber  of other environm ents which seem ed less propitious, and  indeed none of



these venues showed any tendency toward unusual deviations. In fact, these

situations appeared to suppress segm ent var iance to a suggestive degree ( c 2 =

77.363, 99  df , p = 0.053). The following br ief descr iptions pertain to Table 1b,

which summ arizes the da ta gat hered in these and other categor ies for which

null effects prevailed. 

1. Academic Meetings

FieldREG data were taken at annual m eetings of  the  Society of Scientif ic

Exploration (SSE) and the Parapsychological Assoc iation (PA ), with the be-

ginning and end of  presentations m arked for segment analysis. Such confer-

ences are character ized by varied themes and individualized patterns of atten-

tion that do not lend themselves to group coherence.

2. Business Meetings

The or iginal F ieldREG database inc luded a m eeting  of  the SSE gove rning

council, which meets with an agenda of typically businesslike m atters. W hile

discussions are am icable and cooperative, there is usually little em otional en -

gagem ent. 

3. Special Investigations

A variety of otherwise unclassified original applications inc luded an inves-

tigation of  the ª M arfa L ightsº  in Texas, in which data were taken in the  low

m ountains near  M arfa where m any reports of  strange lights in the night sky

have  been made . Som e observers have suggested a connection with natural
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Table 1b

Summary of Early F ieldREG Applications Showing Null E ffects 

Venue Date N-Trials c 2
df p Effect

Academic Meetings

SSE Meeting Jun  95 42897 15.943 19 .700 - .0025

PA Meeting Aug 95 77534 44.812 55 .835 - .0035 

All Academic 120431 60.755 74 .866 - .0032

Business Meetings

SSE Council* Dec 94 25838 10.175 12 .601 - .0016 

Special Investigations

Marfa, Texas* Mar 94 12194 2.957 2 .228 .0068

Dowsing, Devils Tower Oct 94 6777 3.351 10 .972 - .0232 

All Investigations 18971 6.308 12 .900 - .0093

Control Conditions

Devils Tower Control Oct 94 518 0.125 1 .723 - .0260 

Total 165758 77.363 99 .947 - .0040

* Included in previously published FieldREG database. 
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phenom ena, while others link the lights to UFO speculations. The researchers

took a F ieldREG system  as part of an array of electronic and other monitor ing

devices, and recordings were m ade ove r several evenings of  the project. No

strong deviations associated with the light phenom ena were observed. 

Another  project investigated the possibility that F ieldREG recordings m ight

show  deviations corresponding to the indications generated by dow sing.  This

consisted of  ten replications of  a  circuit around the Devils Tow er monument

accom panying a dow ser, with the data segments marked corresponding to the

dow sing responses. Although the dow ser hoped for  an ª objectiveº  indicator,

the results showed no  consistent trends (Nelson &  Apostol, 1996) . 

4. Control Conditions

Other than the undesignated data taken during  periods of  tim e surrounding

the active data segments, one of  t he  original applications was designed as an

explicit control condition. This was a  cerem ony perform ed at Devils Tow er by

the Shoshone sham an in a ª controlº  site selected by  one of the other  members

of the  group, rather  than by the sham an, who considered the  ª sacredº  site to be

an im portant com ponent of the  cerem ony.

4. Results of Original FieldREG Applications 

Tables 1a and 1b detail the results obtained in the var ious venues descr ibed

above for the anomalous and null effect categories, respective ly. Colum ns

summ arize the number of  RE G trials, the segm ent-based c 2s with their  de-

grees of freedom and corresponding probabilities, and t he  tr ial-based effect

s izes,  calcu lated  a s Z=
p

n w here  Z is  ob tained  as  t he no rm al  d ist r ibu tion

quan-  tile of the p-value, and  N is the num ber of trials in the active data taken

during the application. As noted before, some of  the early data were assessed

by f inding the segment with the m ost extrem e deviation and correcting  for

m ultiple analysis, so that the actual num bers of tr ials for those applications are

not available without a m ajor  re-analysis. Therefore, to allow  effect size com -

putations that can be com pared to the later replications, a rough but adequate

estim ate of  N for the  full dataset has been made  fr om the number of  days or

sessions. 

As a graphical exam ple of the anom alous effects that m ay occur in these ap -

plications, F igure 1 shows the cumulative deviation of the  REG trace dur ing

the Shoshone sham an’ s healing  ritual at the Devils Tow er sacred site.

Figure 2 provides an exam ple of  relative ly modest cum ulative deviations of

the RE G trace during sessions of t he 1995 meeting  of  the Parapsychological

Association, which showed, overall, no significant anomalous effect. Al-

though this is a large dataset, with m any opportunities for  an im pressive devia-

tion such as that show n in F igure 1, none appear.
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Fig. 1 . Cumulative deviation of F ieldREG trace during a 20-minute healing ceremony performed

by a Shoshone shaman at Devils Tower. The horizontal line shows the expectation for  the

random walk described by the accumulating deviations, and t he parabolic envelope

shows the locus of the 0.05 probability for  so  large a deviation as t he database increases.

Fig. 2 . Cumulative deviation of F ieldREG trace during the Annual Convention of the Parapsy-

chological Association, 1995. Vertical lines indicate t he beginnings and ends of sessions,

each of which contained several presentations of  15 minutes duration or more. The hori-

zontal lines in each segment show the expectation, and the parabolic envelopes show the

locus of the 0.05 probability for  so large a deviation as t he database increases within that

segment.
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Hypothesis

On the basis of  both these sets of results, we now  erect the  hypothesis that

future trials performed in environments closely resem bling  those in category

1a, or  otherwise fostering  a high  degree of subjective resonance within  the

group, should continue  to display anomalous segm ents of  F ieldREG response.

Conversely, trials conducted in environments similar to category 1b or others

involving  little subjective resonance within  the group, should show little

anom alous character. The next part of  this paper  describes a series of experi-

m ents designed to test this hypothesis. 

5. Con ® rmatory Experiments

A. Venues Favoring Anom alous Effects (cf. Table 2a)  

1. Small Groups

In this category are further meetings of the DM HI and ICRL groups de-

scribed in Section 3.A.1, supplem ented by data from  two other very sim ilar

situations. One of  these (designated Egypt C in Table 2a ) is a subset of t he

data gathered dur ing a trip to Egypt with a  group of  19 people interested in an-

cient Egyptian religion and culture (Nelson, 1997a) . This group gathered on

several occasions during  the tr ip to discuss plans and share ideas and practices

that were of  interest to everyone in the group. T he  second new venue in this

category is a  meeting  of the PEAR staff for  a retreat (Dunwalke)  to share im-

pressions and ideas on t he current and future work of the laboratory group.

2. Group Rituals

A third dataset from  the CUUPS group described in Section 3.A.2 falls

properly in this category, along with a ser ies of  visits to Egyptian sacred sites

(designated Egypt A  in Table 2a) by the group m entioned in the previous para-

graph. The participants engaged in m editation and chanting  in the tem ples and

the inter ior  cham bers of the pyramids, to honor the ancient traditions and to

attem pt to create a spiritual connection to t he  places in which the  ritua ls of the

ancient Egyptians had been conducted.

3. Sacred Sites

Crater Lake  is an unspoiled natural park of extraordinary beauty, and a place

that has been regarded as sacred by the Native Am ericans. I t was visited in late

summ er by two of the  authors and two com patible guests, all of  whom  im-

m ersed them selves m editative ly in the scenic and mystical am bience of t he

site.



The Egypt B da taset was gat hered in various sites im portant to the ancient

Egyptian sacred view, including  the tem ples and pyramids. These sites were of

the sam e na ture as those in Egypt A , but in these cases the group was casually

present and did not undertake m editation, chanting, or other  activities intended

to foster group resonance. 

4. Music and Theater

The confirm atory work here includes a large-scale m usic and theater pro-

duction  called ª The Revelsº  that is mounted annually in eight or more cities

around the  United S tates. T he  artistic director in San Francisco proposed that

the participatory nature  of the production, and its basis in var ious cultural r itu-

als celebrating  the passage of t he  old year into the new, would m ake it a likely

candidate for anomalous F ieldREG effects. (The Revels m ight also be includ-

ed in the ª Group Ritualsº  subset base d on its content and  on its comm unity

and celebratory na ture .) Five especially engaging pieces from  the show were

predicted to yield anomalous deviations. Ten show s in two cities were record-

ed in 1995, and  an even larger replication in 1996 included eight cities 
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Table 2a

Con® rmatory FieldREG Applications Predicted to Display Anomalies

Venue Date N-Trials c 2
df p Effect

Small Groups

DMHI Nov 95 153292 18.289 14 .194 .0022

DMHI Dec 96 136704 22.186 14 .075 .0039

ICRL Jan 96 30459 7.766 6 .256 .0038

ICRL Aug 96 8286 9.068 10 .526 - .0007

ICRL Apr 97 18446 8.337 9 .501 - .0000

Egypt C Oct 96 26935 17.157 14 .248 .0041

Dunwalke May 97 57515 7.544 6 .274 .0025 

All Sm all Groups 431639 90.347 73 .082 .0021

Group Rituals

CUUPS Pagan Circle 95, 96 82404 16.481 16 .420 .0007

Egypt A, chanting Oct 96 29660 51.468 22 .0004 .0195 

All Group Rituals 112064 67.949 38 .0020 .0086

Sacred S ites

Crater Lake Aug 96 85742 6.999 6 .321 .0016

Egypt B, Casual Oct 96 27367 56.324 27 .0008 .0191 

All Sacred Sites 113109 63.323 33 .0012 .0090

Music/Theater

Revels 95 Dec 95 14640 77.014 50 .008 .0199

Revels 96 Dec 96 72078 287.746 246 .034 .0068

Bayreuth Opera Jul 96 61140 13.704 7 .057 .0064

Met/NYC Opera 96, 97 75091 16.063 19 .653 - .0014

All Music/Theater 222949 394.527 322 .0031 .0058

Total 879761 616.146 466 2.20 ´ 10- 6
.0049
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presenting  sim ilar program s, each with m ultiple perform ances. This dataset is

descr ibed in greater  detail in a separate report (Nelson &  M ayer, 1997).

Tw o datasets were accumulated at operas, one set in Bayreuth, taken by a

Germ an colleague , the other in New York at the M etropolitan and New York

City Operas. The Bayreuth operas were portions of  the Wagner  R ing cycle,

and the separate acts wer e designated as the tem poral segm ents for  the experi-

ment. (The Wagner  festival could also be included in ª group ritualº  or  the  ª sa -

cred siteº  categories since it constitutes a yearly pilgrim age by devotees to the

Festspielhaus, a  t heater designed by the com poser  for optimal resonance with

his work.) For formal analysis, t he sam e act-based prediction was made for  the

New York data, but informal ratings also were m ade of  especially ª pow erfulº

acts, allowing a subset to be draw n for which the prediction of an effect m ight

be  linked to a specific subjective reaction of the experimenter  to the situation. 

B. Venues Favoring Null Effects (cf. Table 2b)

1. Academic Meetings

Inc luded in the  confirmation work where a null deviation  is predicted are

two m ore SSE meetings, a m ultidisciplinary conference, ª Tow ard a Science of

Consciousnessº  (Tucson II), and an SSE sym posium on alternative  archaeolo-

gy called ª Return to the Source.º  In m ost cases all presentations were included

in the analysis, except for the Consciousness conference where there were

many parallel sessions and only t he plenary presentations could be recorded. 

2. Business M eetings

Tw o confirmatory databases were acquired in subsequent meetings of  the

SSE  Council.

Table 2b

Con® rmatory F ieldREG Data With Predicted Null Deviation 

Venue Date N-Trials c 2
df p Effect

Academic Meetings

SSE Meeting Jun  97 58057 27.250 27 .450 .0005

Tucson II Meeting Apr 96 50846 6.333 6 .387 .0013

EuroSSE  Meeting Oct 96 99188 24.891 42 .983 - .0067

Return to Source Sym p. Sep 96 65154 8.574 14 .857 - .0042

All Academic 273245 67.048 89 .960 - .0033

Business Meetings

SSE  Council Nov 95 32599 22.221 17 .176 .0052

SSE Council Jun  97 25924 10.532 14 .722 - .0037

All Business 58523 32.753 31 .381 .0013

Total 331768 99.801 120 .908 - .0023



6. Results of Con ® rm atory Experiments

Table 2a details t he results for the hypothesis-based expe riments testing the

prediction that venues conceptually sim ilar to those of  the corresponding pre-

dictor  set (Table 1a)  will display sim ilar tendencies toward anomalous devia-

tions.

Com pared to the  bottom line for  the early applications, which had a chance

probability of  about one in ten m illion , that of the conf irm atory set is about

two in one m illion. The m ean Z-scores in the two cases, 1.656 ± 0.209 and

1.118 ± 0.297, respectively, both differ  significantly from theoretical expecta-

tion, but not from each other, constituting a strong replication of  the anom-

alous effects. The trial-based effect size calculated from the unweighted 

Z-scores in the confirmatory dataset is som ewhat sm aller t han in the or iginal

set (E t = 0.0077 com pared with E t = 0.0049), but again not significantly so 

(Z = 1.531). Figure 3 shows t he  accum ulation of c 2 in the anom alous effect cat-

egory, combined across t he  predictor  and confirm ation datasets.

Table 2b details t he confirm ation expe riments in venues predicted to yield

null effects, in circum stances that are prim arily intellectual and  businesslike.

As predicted, deviations tend to be relatively small, and t he c 2 is smaller t han

chance expectation to a suggestive degree ( c 2 = 99.80 , 120 df, p = 0.09). If the

data for the predictor and confirmatory subsets are com bined, there is a 
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Fig. 3. Anomalous effect. The so lid line shows the cumulative c 2
over the applications in the pre-

dictor set detailed in Table 1a (t he f irst 63 degrees of  freedom, marked by a dashed line)

and the applications in the confirmatory dataset detailed in Table 2a. The dotted lines

show the expectation and t he locus of the 0.05 probability for so large a deviation as t he

database increases.
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significant indication that there m ay actually be a  suppression of segm ent

variance in applications of this genre ( c 2
= 177.164, 219 df, p = 0.019). This

aspect of  the FieldREG data will require further  effort to clar ify. Figure 4

show s t he accumulation of c 2
in the  null effect category, ove r both the  predic-

tor and confirm ation datasets.

7. New Exploratory Experiments (cf. Table 3) 

The early experim ents and the replications described above cover  only a

lim ited span of possible F ieldR EG applications, and alt hough the patterns of

success and failure suggest and then confirm the general discrimina ting  con-

cept embodied in the hypothesis of Section 4, it seems desirable to expand t he

environmental range of  exploratory experim ents in order to extend and refine

the relevant criteria. For this purpose, new form al data have been collected in

about 40  applications where no specif ic predictions could be m ade directly

from the ear lier  work. These are subdivided into ten groups within  each of

which the applications are either repe titions of  a venue  or closely related situa-

tions. The range is fairly broad, and the data collection is often ª opportunisticº

in the sense t hat it depends upon t he experim enters’  interests and access to

particular  f ield situations. 

In addition, a var iety of  informal, but potentially instructive  sm all data-

Fig. 4 . Null effect. The so lid l ine shows the cumulative c 2
over the applications in the predictor

set  detailed in Table 1b (the first 99 degrees of freedom, marked by a dashed line) and the

applications in the confirmatory dataset detailed in Table 2b. The dotted lines show the

expectation and t he locus of the 0.05  probability for  so large a deviation as t he database

increases.
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Table 3

Summary of Exploratory F ieldREG Applications 

Venue Date N-Trials c 2
df p Effect 

Religious Rites

Stokes Memorial Service Feb 97 3183 0.016 1 .899 - .0226 

Ludtke Rosenkranz Apr 97 4467 1.037 4 .904 - .0195

Ludtke Funeral Apr 97 21750 2.218 5 .818 - .0062 

All Religious Rites 29400 3.271 10 .974 - .0113

Personal Rituals

Moon 25 Oct 96 6212 2.202 1 .138 .0138

Winter Solst ice 21 Dec 96 3944 2.005 1 .157 .0160

Moon eclipse 26 Sep 96 4473 3.943 2 .139 .0162

Moon eclipse 26 Sep 96 4453 1.600 2 .449 .0019

Moon eclipse 26 Sep 96 4470 1.523 2 .467 .0012

Egypt E Oct 96 10440 9.255 9 .414 .0021

All Personal Rituals 33992 20.596 18 .300 .0037

Sharing Party

Halloween Party Oct 96 13136 7.873 4 .096 .0114

Mom’ s Birthday Oct 94 13235 3.265 1 .071 .0128 

All Sharing Party 26371 11.138 5 .049 .0102

Invited Talks

RGJ Old Guard Oct 95 7490 2.378 1 .123 .0134

RGJ Rockefeller U. Oct 95 12670 0.042 1 .838 - .0088

RGJ Colgate Apr 97 2800 0.303 1 .582 - .0039

RDN NCAS Mar 94 12232 5.312 7 .622 - .0028

RDN Freiburg Nov 95 6049 9.853 5 .080 .0181

RDN Nassau Club Nov 96 3627 2.112 3 .550 - .0021

RDN New Dimensions Nov 96 7811 0.835 2 .659 - .0046

ALL Mt. Sinai May 97 5669 3.896 3 .273 .0080

All Invited Talks 58348 24.731 23 .364 .0014

Visits to Special Sites

Black Hills Oct 94 22791 12.992 10 .224 .0050

Dakota Badlands Oct 94 13677 17.112 18 .515 - .0003

Egypt D, Tour S ites Oct 96 18235 16.858 8 .032 .0137

Yosemite Park Jun  97 20398 1.763 3 .623 - .0022

All Special Si tes 75101 48.725 39 .137 .0040

Spirit Channeling

Channeling Session 23 Nov 96 13367 20.391 6 .002 .0249

Channeling Session 22 Dec 96 4754 2.993 5 .701 - .0076

Channeling Session 31 May 97 13146 9.960 16 .869 - .0098

Channeling Session 01 Jun  97 5122 0.159 3 .984 - .0300

All Channeling 36389 33.503 30 .301 .0027

Global Events

Rabin Shot, ± 5 min. 04 Nov 95 690 6.875 1 .009 .0905

Gaiamind Meditation 23 Jan 97 4900 23.883 14 .047 .0239

All Global Events 5590 30.750 15 .010 .0311

Spiritual Training

Jin Shin Do Classes Nov 95 142311 19.607 26 .810 - .0023 
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bases have been recorded in the laboratory and at var ious meetings and talks

given by the lab staff mem bers. Although m any of these situations have an

identif iable relationship to other work, the da ta were not taken under  specific

hypotheses that allow  incisive analysis and inc lusion in the formal database. A

number of attem pts have been made in venues t ha t proved  infeasible for prac-

tical reasons. For exam ple, m eetings of a  m ens’  group and of  a  Buddhist 

Sangha  were thought  to be  good candidate venues, but it proved im possible to

m ake suitable notations without interfering with the  groups’  processes. 

1. Religious Rites

This com prises a small gr oup of recordings taken at memorial services and a

funeral. One service was for a  high ly regarded Dean at P rinceton University

who died suddenly af ter a short illness. The ot hers were for an experim enter’ s

m other-in- law in Germany and consisted of  an evening  church service and t he

funeral on the following day. This is a  sm all da tabase, but it is worth noting that

the results show suppressed var iance akin to that observed in the venues favor-

ing null effects.

2. Personal Rituals

Som e of  these are sim ple, individua l cerem onies t hat are intended to mani-

fest respect for var ious ancient traditions in which phases of the moon and the

changing of seasons are honored. They differ from  the Group Ritual category

in having only one or two people in attendance. The recording  and analysis is

also relatively sim ple, typically consisting of  a single segment covering the pe-

riod of  the r itual. Noting that eclipses tend to draw the attention of  large num -

Table 3 (Continued)

Continued: Summary of  Exploratory F ieldREG Applications 

Venue Date N-Trials c 2
df p Effect 

Group Celebrations

Pr inceton P-Rade Jun  96 19653 11.810 8 .160 .0071

BaselerMorgestraich Feb 97 2709 4.913 5 .427 .0035

Bummel Sonntag (offtime) Mar 97 12600 4.076 1 .043 .0153 

All Group Celebrations 34962 20.799 14 .107 .0066

Sports

Pr inceton Football 23 Sep 95 2457 8.522 6 .202 .0168

Pr inceton Football 14 Oct 95 940 2.903 5 .715 - .0185

Pr inceton Football 11 Nov 95 5773 8.508 12 .744 - .0086

Pr inceton Football 26 Oct 95 4047 29.255 20 .083 .0218

Princeton Football 23 Nov 95 5739 4.116 13 .990 - .0307

Superbowl TV RGJ 28 Jan 96 17795 14.627 12 .262 .0048

Superbowl TV RDN 28 Jan 96 18919 15.438 13 .281 .0042 

All Sports 55670 83.369 81 .406 .0010

Total Table 3 498134 296.429 260 .059 .0022



bers of people, independent datasets wer e taken by three experim enters during

a m oon eclipse to asse ss possible cor relations. Though one of these showed a

fair ly strong deviation, the com bined results showed no evidence of  an anom-

alous effect, and  there was no significant correlation  across t he three datasets.

The Egypt E  subset is a  designed collection  of  data taken in personally en -

gaging situations, including several that involved r ituals, recorded dur ing the

aforem entioned Egypt tour. The intent was to provide a sam ple of segments

that were otherwise sim ilar  to those involving the tour group, but with only the

experimenter  actively engaged.

3. Convivial Parties

Tw o exam ples of gatherings of  family and friends at parties bot h show

promise as sources of  anomalous deviation. As an indicator of the subjective

im pact the consciousness field research m ay have, we note that a graphic rep-

resentation of  the data from  the Halloween party reveals a remarkably apt

though surely coincidental configuration, with sharp peaks t ha t (given the

context) are strongly reminiscent of  a classic ª witchº  hat (see Figure 5). In

both cases, t he  interpersonal or group activity was relaxed, fam iliar, and fun,

all qua lities that help to create a natural unity and resonance.
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Fig. 5. Cumulative deviation of F ieldREG trace during a convivial Halloween party in 1996.

Vertical lines indicate index entries made at times that seemed to mark different phases of

the party. The horizontal line shows the expectation, and t he parabolic envelope shows

the locus of t he 0.05 probability for so  large a deviation as t he database increases.
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4. Professional Talks

Several recordings of professional talks given by the PEAR staff indicate

that this type  of  activity tends to yield a null outcome similar  to that found in

academ ic or  business meetings. Overall, the eight exam ples show essentially

undistorted data distr ibutions. M ost of the recordings are single units cove ring

the entire talk, thus precluding  any analysis that might be sensitive to tem po-

rary achievem ent of  a group coherence.

5. Tourist Sites

This is a varied group, but the  com mon theme is a location that attracts people

through some form  of  natural or cultural interest, including  scenic beauty and

unique character. Several are well-know n nationa l parks or m onum ents, and in

each case t he data were recorded with only one or two people in attendance.

The E gypt D  dataset was recorded at several m ajor tourist stops of  the Egypt-

ian visit tha t were not sacred sites as def ined for  the project. These included the

rem arkable Cairo museum with its Tutankhamun exhibit, tom bs in the Valley

of the Kings, and  the beautifully preserved tom b of  Nefertari, nearby. In all

cases t here were no group activities or efforts to foster any sort of  group reso-

nance. Except for the Egypt D  subset, none of the tour ist sites produced anom-

alous yields. 

6. Channe ling Sessions

An opportunity was presented to attend  occasional channeling  sessions

where a ª spirit entityº  nam ed Samuel was im puted to give inform ation and

com ments to a  sm all group. The group members he ld a  variety of different lev-

els of belief in the  process and var ied also in the ir  interpretations, but all were

interested participants with a respectful attitude. The first of four  sessions

show ed a strong FieldREG result, while later  sessions did not; hence no clear

prediction about future applications in this venue can be made. 

7. Spiritual Training

An eight-day course of training in Jin Shin Do was attended by a colleague,

providing an opportunity to do FieldREG recordings in a structured environ-

m ent with a  spiritual tone . The classes consisted of physical and m ental exer-

cises (pal dan gum ), meditation, and work sessions in which participants prac-

ticed healing  techniques with each ot her and with the teaching  m aster. Data

segments corresponding with these t hree activities were defined as t he form al

analysis subset. The results showed no strong trends tow ard either  anom alous

deviation  or var iance suppression.

8. Sporting Events

Several hom e gam es of the Princeton varsity football team  were recorded.



Analysis of  the early applications focused on  home team touchdow ns while

ball possession by t he hom e team defined the ana lytical segm ents in later

gam es. The results show little  indication of  an anomalous effect in either

m ode, despite the expectation that sports activities often are pow erfully en-

gaging and would seem  to be a likely source of  a group consciousness effect. It

m ay be relevant that m ost of the gam es were somewhat lackluster, according  to

the experimenter’ s subjective cr iteria, and  elicited relatively little crow d en-

thusiasm. 

Tw o independent recordings of the 1996 Superbow l were made  via televi-

sion broadcast, with a  ball-possession segm ent pr otocol. Although there was

only m odest evidence for corresponding anomalous deviations, t he effect size

was com parable to the average across t he conf irm atory applications in Table

2a. A  sim ilar study conducted at European soccer gam es focusing on  the rela-

tively rare goal plays, found a significant increase in data var iance (Bierman,

1996) , suggesting that the question regarding  sports venues should remain

open.

9. Global Events

Specific occasions w ith very widespread interest present an opportunity to

ascertain whether  a global event might create an extended consciousness f ield

that could be detected using  the F ieldREG techn ology and protocols. W hen

the assassi na tion of  Pr im e Minister Rabin was announced in Novem ber, 1995,

the continually running ContREG sequence in the PEAR lab was exam ined

retrospectively for  any  deviation at the tim e of the murder. The period of five

m inutes surrounding the event does indeed show a pow erful, low-probability

m eanshift, and  an extraordinary effect size (see Figure 6). Because t here was

no pre-planned definition of  the analytical segm ent boundaries, this applica-

tion m ust be regarded as exploratory only, but it m ay be  useful in forming as-

sessment s trategies for  other singular events. 

A  m ore positive  occasion was t he Gaiam ind Meditation , during which sev -

eral researchers around the  wor ld took data to correspond with a widely pro-

m oted meditation for world health and peace t hat took place in January, 1997.

This project, docum ented m ore fully in a separate report (Nelson, 1997b), also

indicated a significant com posite effect. The survey of  this category is at 

present too sm all for  reliable prediction but together with related work (Radin,

1997) , suggests that this is a potentially instructive  venue; further  applications

are ongoing. 

All of these data were acquired in a necessar ily ª rem oteº  protocol, i.e., the

FieldRE G units were not proximate to the venues, but geographically far re-

m oved. Further discussion of t he im plications of this variant follows in Sec-

tion 9.
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10. Group Celebrations

The Princeton P -Rade is part of a yearly reunion of  Pr inceton University

alum ni. A  high proportion of  alum ni return, and the celebrations are reward-

ing, high-spir ited, and somewhat com plicated, in the  sense t hat many different

activities are in process and com pete for attention . The culm inating parade,

how ever, does bring  the  participants toge ther  as a  large attentive group, and

FieldRE G data segm ents taken during  especially engaging  parts were marked

for analysis. The results were equivocal at best. 

The Baseler  Morgestraich is an annual celebration of  ancient traditions in

Basel, Switzer land, where a  m ajor proportion of the citizenry and a large num -

ber  of ª pilgrim sº  from across Europe converge in the  city center  at 4:00 am  to

partake. All electric lights are turned off and candles illumina te the procession

of m archers wearing gigantic masks, interspersed with num erous floats bear-

ing cartoons and satir ic text with political and social t hemes. The m archers

play eer ie drum  and piccolo music that is draw n from ancient ritual sources. A

ª reminderº  version of the M orgestraich, called ª Bumm el Sonntag,º  occurs on

each of the following four  Sunday evenings, with the  m archers and m usicians

repeating their wandering path through the city, m inus the costum es, but again

with the m usic, and the fascina ted attention of many of their fellow citizens.

The data in this case were taken in both a  ª rem oteº  and  an ª offtimeº  mode; the

Fig. 6 . Cumulative deviation of ContREG data recorded in Princeton at the time of the assassi na-

tion of  Prime Minister Rabin. The graph shows a ten-minute period of time exactly cen-

tered on the time of the shooting. The horizontal line shows the expectation, and t he para-

bolic envelope shows the locus of the 0.05  probability for so  large a deviation as t he

database increases.



first author serendipitously discovered the event while in Basel for another

purpose, and  since he did not have a F ieldREG system available, made the de-

cision to take data upon his return to Freiburg. The offset tim e and the amount

of data were pre-specified, and notes m ade to docum ent the offtim e protocol.

The results show a significant deviation. 

8. Results of Exploratory Applications

In Table 3, as in the ear lier  tables, the venue and date of t he application are

given, and the results are summ arized as a segm ent-based c 2 with its degrees of

freedom and corresponding probability, and a trial-based effect size.

The data indicate that some of the subgroups could be prom ising  venues for

additional replications in the future. Others show consistent indications of null

effects. Because t he selection of particular  applications in this exploratory cat-

egory is som ewhat arbitrary and dependent on opportunity,  the  com posite sta-

tistical evaluation is not likely to be an incisive indicator. Neverthe less, t he

bottom  line across t he ten subgroups com prising  a total of  40 applications is

m arginally significant, with a c 2 of 296.429 on  260 degrees of  freedom, and a

corresponding probability of  0.059. Figure 7 shows the accum ulated c 2 for the

exploratory category.
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Fig. 7 . Exploratory data. The solid l ine shows the cumulative c 2
over all the applications in the

exploratory database detailed in Table 3 . The dotted lines show the expectation and t he

locus of t he 0.05 probability for so  large a deviation as t he database increases.
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9. Discussion

Beyond confirm ing the prim ary hypothesis posed in Section 4, the replica-

tion data listed in Table 2, along with the original data of  Table 1 and the ex-

ploratory results listed in Table 3, also display several indicators of subsidiary

structure in the FieldREG databases that could bear on the form ulation of the-

oretical models of the phenom enon, and thence on its eventual com prehen-

sion. Unfortunately,  the data in hand are insuff icient in scope and incisiveness

to allow  detailed assessment of  any of  these at this tim e. Rat her, we can sim ply

ackn ow ledge these tendencies and  rem ain alert to them  in future work.

A. Differences in Z-scores and Effect Sizes

Many of  the replications, while vigorously substantiating the pr im ary hy-

pothesis, tend toward som ewhat sm aller Z-scores and effect sizes as t he num -

ber  of  applications in a given venue increases. This may well be another  mani-

festation of the serial position profiles found in our laboratory-based REG

studies (Dunne et al., 1994), which in turn m ay indicate the im portance of var-

ious subjective factors, such as n ove lty, confidence, or  expectation, to opera-

tor perform ance in such experim ents. Theoretical inclusion of  such factors in

the FieldREG genre of hum an/m achine interactions, where the role of  the ª op-

eratorº  clearly is more indirect, diffuse, and subtle, will not be  straightforward,

and ultimately m ay require revisitation of the role of  the experimenters in this

and other classes of  anom alies research. On the other hand, since an experi-

m enter is perforce included in all venues, t he  significant differences in effects

across application categories are m ore likely attr ibutable to other factors asso -

ciated with the  group per se.

B. Reductions of Variance

As mentioned briefly in Section 6, the data acquired in applications predict-

ed to have sm all yields, i.e., in prosaic or businesslike venues, individually and

collectively display variances well below  those of  the higher yield categories

and even below chance expectation. There is a suggestion, as noted earlier, that

var iance m ay be  suppressed in other situations, such as t he religious funeral

cerem onies described in Section 7.1. Once again this is rem iniscent of sim ilar

effects noted in our  laboratory REG expe riments (Jahn et al., 1985) and else-

where (Bierman, 1996) , and if confirmed in further research, m ay constitute

another m ode of anom alous response of  the FieldREG system to the prevailing

consciousness environment. 

C. Displacements in Space and Time

As noted br iefly in the sections descr ibing  the venues of application, a  few

situations necessar ily entailed substantial physical separation of  the Field-

REG units from the groups being  assessed. One of  these even required opera-



tion of  the  equipm ent at times other  than that of the actual assem bly. These

radical departures from  nom inal protocol have  precedents in large bodies of

laboratory-based REG expe rimentation wherein the operators were physically

far displaced from  the m achines, and in some cases directed their attention to

them at tim es ot her than those of  the data collection. Yet, the scale and charac -

ter of these ª remoteº  and  ª off tim eº  results bear  s triking sim ilarities to those

achieved under local, realtime conditions (Dunne & Jahn, 1992; Nelson et al.,

1991) . Although the rem ote and offtim e FieldREG data are very sparse at t his

point, indications of  the viability of such protocols can be found, notably in

the Global Event category. If substantiated by future applications, such results

m ust have huge  im pact on the m odeling  of  such phenom ena by severely re-

str icting the modalities of influence that can be posed. In particular, the roles of

such objective param eters as physical distance and tim e would need to be di-

m inished, while those of  appropriate subjective  param eters, such as attention ,

com mitment, and emotional resonance would need to be enhanced.

D. Directions of Anom alous Deviations

We have as ye t no answer to the question whether  the direction of  deviations

relative to expectation has any meaningful im plication. Our  ana lysis explicitly

ignores direction by considering  only the variability (or variance) of the devi-

ations of  the segment m eans. Mos t applications show both positive and nega-

tive excursions, but there are som e exceptions. The CUUPS database has a

number of ª Full M oonº  ceremonies; among these are the four m ost extreme

datasets and all four have nega tive deviations. The E gypt C da tabase has a

consistent negative m eanshift across its 14  segments (m ean Z = - 0.604, stan-

dard deviation = 0.963), and the Egypt A  database has a marginally significant

positive m eanshif t (m ean Z = 0.449, standard deviation =  1.497) . Am ong the

exploratory applications, t he eight Invited Talks stand out, with all deviations

positive. How ever, given the  num ber of ana lyses from  which these exam ples

are selected, as well as t heir  lack of ove rall consistency, these suggestive re-

sults actually m ay be chance fluctuations. The design of the experiment, where

we specify the variance measure as our criterion for anom alous results, and t he

total sym metry of the FieldREG electronics to positive and negative  outputs

(Nelson et al., 1996), m ay m ake it both im possible and inappropriate to infer

m eaning  from  the direction of  deviations. 

E. Alternative Segm entations

In describing the  sm all groups we observed that there might  be be tter  ways

to specify the active data segments in some cases, especially those where the

group dynam ics were not well represented in terms of individual presenta-

tions. Alternatives such as se ssions or days might better  capture the interper-

sona l dynamics of  deep engagem ent and broad interaction that characterize

such meetings. In the ICRL case, for exam ple, such an alternative analysis was
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done in an exploratory m ode  prior to the  form al assessm ent based on partici-

pant presentations. In t his prelim inary analysis, the three m eetings showed in-

dividual probabilities of 0.256, 0.152, and  0.031, and  a com bined probability

of 0.046. Com parison of this with the com bined probability of 0.453 for  the

formal analysis indicates the im portance of  careful, experience-based design

of the experim ental protocol and statistical analysis. Sim ply put, we are still

learning  how  to ask appropr iate questions in the  FieldREG research.

F. Future Course

The em pirical success of our hypothesis, lim ited as it m ay be, points to a

progressive ly m ore com prehensive  exam ination of other subjective  factors

that may bear  on these anom alous effects. We are attem pting  now  to extend

such understanding by m ore detailed evaluation of the subjective qua lities

character izing the original, confirmatory, and new exploratory applications

described above . W hile it is difficult to specify such qua lities with precision

since they are by their nature defined in personal term s, it nevertheless is pos-

sible to list some concepts t hat generally seem  to characterize conditions or

situations in which we m ay expect an anomalous effect: 

1. Group resonance, par ticularly in em otionally meaningful contexts;

2. High ratios of subjective to objective , or em otional to intellectual con-

tents;

3. Relatively profound personal involvement, especially if shared in a

group;

4. Deeply engrossing , fully interactive com m unication; 

5. S ituations or sites that are spiritually engaging; 

6. C ircumstances that evoke a sense of fun  and humor; 

7. Activities t ha t are intensely creative, and 

8. F reshness or  novelty for participants. 

It is im portant also to consider  t he null deviation venues, which regular ly

show  reduced variance of segment scores. These typically do not have  a global

structure or a unifying theme, and possess few of t he  characteristics listed

above. Rather, they tend to be highly analytical or designed to transm it specif-

ic, well-def ined, objective inform ation. W hile they m ay engage participants

intellectually, they tend to exclude personal and  emotional reactions and inter-

actions. In fact, there is an im plicit presum ption that objective considerations

will take  precedence over subjective experience.

Ultimately, of course, it will be necessary to seek an explanatory m odel and

theoretical structure to accom m odate t hese results (Jahn & Dunne, 1988). An

adequate model m ust help us to understand both the intention-driven laborato-

ry experim ents, and the field studies where little or  no  attention is given to the

REG and there is no explicit intention. It also m ust address the obvious rele-

vance of num erous subjective factors, and acknow ledge the  apparent insensi-



tivity of the anomalous effects to recognized physical variables, inc luding

spatial or tem poral separations, or the type of random  source involved.

As a very crude initiative, we postulate the existence of a  pervasive ª con -

sciousness inform ation f ieldº  tha t m ay, under  certain circumstances, exhibit

detectable modulations generated by individuals or groups. More specifically,

it is proposed that via this field, hum an consciousness can act as a  radiati ng

source of  inform ation, capable of affecting otherwise random processes by in-

serting som e degree of  order  and making them  slightly m ore predictable. Since

the environmental aspects that seem  to correlate m ost strongly with such

anom alous effects are subjective in character, this structuring influence, which

m ight be labeled ª subjective inform ation,º  involves the attribution of m eaning

to situations or  events. In the field experim ents reported here, as in the inten-

tion-based laboratory experiments, this modification of  the consciousness in-

formation f ield appears to m anifest through alterations of statistical distribu-

tions generated by suitably prepared physical systems that have random  or

undeterm ined com ponents. In the laboratory experim ents, these alterations

appear to be driven by operator intention, wishing, or  purpose, and seem  to be

am plif ied by some form  of emotional or  spiritual resonance. In t he f ield ex-

perim ents, resonance seem s to pl ay the  pr im ary role, supplem ented by som e

less conscious s tate of intention. 

Although, by their  nature, subjective properties are particular ly difficult to

specify or monitor, let a lone to quantify,  we are persuaded that their  inclusion

is essential for  understanding the anomalous interactions of  consciousness

with its environm ent (Jahn &  Dunne, 1997) . The F ieldREG experim ents com -

prise a  prom ising  em pirical vehicle for technical assessm ent of natural, opera-

tional situations where people are engaged in activities em ploying the full

range of their  capabilities. Am ong  these, apparently, are heretofore undetected

direct interactions of consciousness with random  physical systems, t ha t can

reflect im portant character istics of both. 
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Appendix: Control Data and  Theoretical Com parison Standards 

The generation of appropriate control data in F ieldREG experim ents is nec-

essarily com plicated by the var iable tem poral and spatial aspects of the dis-

parate venues. The only uniform standard of com parison for ª activeº  data is

the normal approximation to the appropriate theoretical binom ial distribu-

tions. Thus, although specific com parisons against em pirical controls often

can be m ade in the course of  our  analyses, t he  sum mary presentation  of results

refers in all cases to the theoretical standard. The analytical justification for

this strategy derives from three perspectives: 

1. Calibration data show very good correspondence with theoretical expec-

tations.

2. Resam pled, non-active data taken in the sam e context with the experi-

m ental da ta differ  little from  theoretical expectation. 

3. Com parisons of active  data against the param eters of the resam pled,

non-active data yield essentially t he same results as com parisons with

theory.

Calibrations

All PE AR random  event generators incorporate three special m easures to

ensure nominal perform ance. First, only high  quality com ponents are deployed

in sophisticated hardware designs. Second, an XOR of t he raw bit-stream  with

an alternating or  balancing  tem plate eliminates secular bias of the mean.

Third, the actual experim ental data are sums of 200 bits, mitigating  all residua l

short-lag autocorrelations and ot her potential time-series aberrations. All

REG devices are subjected to extensive  calibrations prior to and  during their

experimental applications. For the F ieldREG experim ents, m ost data are taken

with a third-generation ª m icro-REGº  designed for use with a palm top com -

puter. Typical calibration results are given in Table A.1, which summ arizes t he
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Table A.1 :

Standard Calibration Analysis for Typical Micro-REG Calibration Data 

Source N-Trials Mean Std. Dev Skew Kurtosis*

Theory 100.0000 7.0711 0.0000 - 0.0100

Batch 1 152541 99.9984 7.0727 - 0.0079 - 0.0280

Batch 2 202574 99.9891 7.0858 0.0077 - 0.0122

Batch 3 425036 100.0040 7.0679 0.0030 - 0.0121

Batch 4 423422 99.9946 7.0724 - 0.0000 - 0.0200 

* The expected value for kurtosis is normalized to zero for the normal distribution, and calcu-

lated as - 2/N where N is the number of binomial sam ples.
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distribution param eters for  four independent calibration datasets, none of

which is significantly deviant in any param eter. 

In addition, the  standard calibration ana lysis includes com parisons against

theoretical predictions for the frequency of counts, s tatistics for blocks of  100

and 1000 tr ials, runs between consecutive high  trials, runs between consecu -

tive low  trials, the arcsine distribution for proportion  of  50 tr ial runs above  the

m ean, and autocor relation functions for  raw data and 50-tr ial blocks. All to-

gether, the analysis suite com prises 12  separate (t hough not necessar ily inde-

pendent) tests for  each batch of calibrations. In the full battery of test scores

for the data sum m arized in Table A.1, t here are a total of  48 tests, two of which

are ª significantº  at p = 0.05  or less, differing little from what would be expect-

ed by chance. The Bonferroni-adjusted p-value for the m ost extrem e outcome

of the 48 different tests also is non-significant. Thus, according to this broad

spectrum of canonical calibration tests, the random  event generator perfor-

m ance is statistically indistinguishable from theoretical expectations.

Resam pling

In F ieldREG applications, it is not always feasible to collect match ing ª con-

trolº  data because m any potentially im portant situa tional factors cannot be

m aintained. Usually the best that can be done is to take data in non-active tim e

periods pr ior  to or  after  the active data segm ents. For exam ple, control data for

a theater  perform ance can be taken only before or  af ter the  perform ance, or be-

tween its acts, when t he prevailing am bience is quite different. W hen it is fea-

sible to take data in a given environment before and after  the  designated exper-

imental segm ents, some of t he  surrounding tim e periods them selves m ay be

subject to the sam e influences as t he active segments. (Indeed, even in labora-

tory experim ents there is evidence t hat traditional ª controlº  da ta may not be

imm une to anom alous effects of  consciousness.)

Neverthe less, our  standard analysis of F ieldR EG data includes a resam pling

procedure whenever the data f ile contains as m uch or m ore data in non-active

segments as i n those defined as active for  the application. A  pseudorandom

process is used to identify and extract segm ents m atch ing in number and size

those designated as active data f rom  the surrounding undesignated data. This

resam pling process is repeated 1000 tim es, allowing the construction of a  dis-

tribution of outcom es against which the  results for the pre-defined, active  ex-

perim ental segm ents may be com pared. 

To provide a specif ic exam ple, we show the outcome of the protocol-based

resam pling analysis followed by that for  an arbitrary resam pling of  the sam e

data, using a dataset from a strong ly deviant portion of the Egypt database (cf.

Table 2a, ª Egypt Aº ) . Table A.2 shows the or iginal output f rom the analysis

program  with data taken from  the file for  October 17, which includes about 2.5

hours of  active  data in nine segments taken in the  M ycerinus and Khufu pyra-

m ids, surrounded by several hours of  non-active data. (We should note that the

non-active designation is relative  to the specified analysis category Ð  t he



day’ s recording m ay include active segments from other analysis categories.

This increases the conserva tism  of the analysis in proportion to the extent that

deviant da ta are included by chance in the com parison distr ibution .) 

Table A.3 shows a ª calibrationº  analysis for this sam e database. In t his case,

a set of arbitrary offsets was defined by taking segm ents of 1000 trials spaced

at 10000-trial intervals instead of using the segment definitions of  the actual

field application.

In both cases, the c 2
, noted as c (Z) , is associated with a probability that is

sim ilar to the proportion of the  1000 resam ples t ha t exceed the test value. A

Resam pling-Corrected c (Z) based on the param eters of  the  distribution of Z-

scores differs little f rom  the theoretically based value, and the average resam -

pled c 2
does not differ from its expectation or degrees of  f reedom. Thus, in this

exam ple where a large com posite anom alous deviation  is found in the active

data, both the or iginal, experim ent-based resam pling and an arbitrary calibra-

tion resam pling yield results consonant with theoretical expectation. 

Combining the  calibration and resam pling perspectives, the sam e sort of

calibration resam pling as was done for Table A.3 was perform ed on all the

Egypt datasets. There are ten of  these, with amounts of  data varying  from

about 60000 to 190000 tr ials. The resam pling was based on arbitrary
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Table A.2

Egypt, Giza2, Mycerinus and Khufu (Oct 17)

Report of Resam pling Analysis

Found ® eld.dat with ® le size 75611.

Data group (chant):

Range Z p(Z ) T p (T)

14741 - 15881 0.3770 0.3531 0.3724 0.3548

15881 - 16667 1.9673 0.0246 2.0209 0.0216

41466 - 41973 0.0377 0.4850 0.0358 0.4857

41979 - 43464 1.9414 0.0261 2.0306 0.0211

43464 - 44479 2.6589 0.0039 2.6861 0.0036

44483 - 45230 - 1.3453 0.0893 - 1.3554 0.0876

45230 - 46112 - 2.1333 0.0164 - 2.1601 0.0154

46679 - 48913 - 0.4279 0.3344 - 0.4272 0.3346

48913 - 52798 - 0.6103 0.2708 - 0.6014 0.2738

Active data 12681 of 75611 ( 0 .1677)

Bonferroni-adjusted p-value of greatest deviation: 0.0683766 

9 df , c (Z) =  21.769( 0.0096), c (T)  = 22.610(  0.0071)  

Performed 1000 resam plings for group (chant).

Distribution of Z-scores: M= - 0.155244, SD= 0.965097

Maximum c 2
is 24.5014

A total of 2  out of 1000 resam ples exceed the test value.

Average resam pled c 2
:

8 .59869 +/ - 3.55155 on 9 df

Resam pling-Corrected c (Z ): 22.785 on 9 df , p= 0.0067 
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specification of 1000-trial (15-minute) segm ents at 10000-tr ial intervals. Only

one of the 10 datasets showed a significant c 2
, a t p = 0.031 (Bonferroni-adjust-

ed p = 0.31), despite that the random  placem ent cer tainly often would  have in-

cluded by chance par ts of the active data segments. T he  com posite  c 2
for  all

these 

resam pled da ta f rom  the Egypt application  is 85.012, with 81 degrees of  f ree-

dom and an associated probability of  0.359. Thus, again, the data indicate a

well-behaved random source when arbitrarily sam pled; only when those da ta

segments specified by the FieldRE G protocol are considered does the data se -

quence exhibit anomalous deviations.

These exam ples dem onstrate the com plex structure  of the  FieldREG data-

bases and illustrate the issues associated with adequate controls. The calibra-

tion and resam pling results shown here clearly indicate t hat com parison of

FieldRE G data against theoretical standards is appropriate. 

Table A.3

Arbitrary ª Calibrationº  from  Egypt, Giza2 (Oct 17)

Report of Resam pling Analysis

Found ® e ld.dat wi th ® le size 75611.

Data group (arbcal):

Range Z p(Z ) T p (T)

10000 - 11000 - 0.7916 0.2143 - 0.7909 0.2145

20000 - 21000 0.2012 0.4203 0.1968 0.4220

30000 - 31000 1.4445 0.0743 1.3954 0.0815

40000 - 41000 - 0.7155 0.2371 - 0.7102 0.2388

50000 - 51000 - 0.5545 0.2896 - 0.5430 0.2936

60000 - 61000 - 0.6842 0.2469 - 0.6846 0.2468

70000 - 71000 - 0.7737 0.2196 - 0.7682 0.2212

Active data 7000 of  75611 (0.0926)

Bonferroni-adjusted p-value of greatest deviation: 0.675705 

7 df , c (Z) =  4.640( 0 .7038), c (T) =  4.469(  0.7244)  

Performed 1000 resam plings for group (arbcal).

Distr ibution of Z-scores: M= - 0.00127839, SD= 1.07619

Maximum c 2
is 28.1562

A total of  815 out of 1000 resam ples exceed the test value.

Average resam pled chisquare:

8.10615 +/ - 3.88071 on 7 df

Resam pling-Corrected c (Z): 4.007 on 7 df, p= 0.7790 



Gender Differences in Human/Machine Anomalies
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Abstract Ð  Assessment of 270 individual databases produced by 135 human
operators in five local and four remote human/machine anomalies experi-
ments conducted in the PEAR laboratory between 1979 and 1993 reveals
several significant gender-related differences in performance.  Although the
140 databases produced by 62 females are much larger on average than the
130 produced by 73 males, the male average results display significantly
stronger correlations with the operators’ pre-recorded intentions to shift the
output distribution means of a variety of random devices to higher or lower
values.  Both groups demonstrate greater success in the high-intention ef forts
than in the low, but whereas a majority of the males succeed in both direc-
tions of effort, producing intentional results that are relatively symmetrical in
comparison with their empirical baselines, most of the females’  low-inten-
tion results are opposite to intention.  The baseline data generated by the
males largely concur with calibration and theoretical expectations, while the
females tend to higher than chance values.  The female data also frequently
display larger score distribution variances.  These disparities are more pro-
nounced in five local experiments than in four remote databases.  No gender
differences appear in two experiments that yield null overall results, suggest-
ing that the gender-related patterns observed in the successful experiments
may be indicative characteristics of the primary human/machine anomalies.

Keywords: gender Ð  human/machine interactions Ð  engineering anomlies
research

In troduction

The Princeton Engineering Anomalies Research (PEAR) program was estab-
lished in 1979 to assess the potential  vulnerabili ty of sensitive engineering
systems and information processors to anomalous influences associated with
the consciousness of their human operators.  This engineering orientation has
focused mainly on the physical parameters of these human/machine interac-
tions, rather than on possible psychologica l or physiological correlates, other
than the primary variable of operator intention.  All of these human/machine
experiments involve carefully calibrated devices based on well-understood
physical processes, each capable of rapidly generating, displaying, and record-
ing extensive sequences of random events.  Volunteer human operators at-
tempt, solely through conscious effort, to shift the output distribution means
of these devices to higher or lower counts, or to generate an undisturbed base-
line, in accordance with pre-recorded intentions, and the data are then 
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examined for statistical correlations between those intentions and device per-
formance.  Although these databases are extraordinaril y large, consistent with
the need for reliable statistical estimates of minuscule ef fects, they have been
produced by a relatively small number of operators.  Specifically, nearly 20
million experimental data points, generated between 1979 and 1993 by some
135 operators on a variety of such physical  systems, have provided persuasive
statistical evidence for small but repeatable shifts of the output distribution
means that correlate with the operator intentions.

Previous examination  of the individual operator contributions to these data-
bases established that their effects distributed normally around the shifted
means, implying that a majority of the operators contributed incrementally to
the overall results, in contrast to any dominating performances by a few excep-
tional operators [1].  While some qualitative indications of characteristic dif-
ferences in individual performance were noted, particularly among the more
prolific operators, these proved diff icult to assess quantitativel y because of
the small signal-to- noise ratios involved.  Nonetheless, since the operator
pool is fairly evenly composed of 72 males and 62 females, there is an ade-
quate basis for exploring possible collective differences in performance as a
function of gender.

The study reported here was also motivated by a body of so-called ª co-oper-
atorº  experiments, wherein pairs of operators addressed the tasks with shared
intentions [2].  Beyond providing further confirmation  of anomalous correla-
tions between operator intentions and mean shifts, these studies showed no
evidence of any simple additive effects of individual operator performance,
but did provide strong indications that operator gender may be an important
contributing factor.  For example, operator pairs of the same sex tended to pro-
duce null results, trending insigni ficantly in the directions opposite to inten-
tion.  Opposite-sex pairs, on the other hand, produced significant overall re-
sults in the desired directions, with effects considerably larger than those
generated by these same individuals working alone, and this enhancement of
effect size was strongest when the two operators shared a deep emotional bond
with each other.  Another curiosity of these opposite-sex data was a relative
symmetry between the high- and low-going achievements, unlike the asym-
metrical yields frequently observed in the single-operator experiments where
one intention was typically found to produce considerably stronger results
than the other.  Prompted by these f indings, a comprehensive evaluation of all
of PEAR’s existing databases has been undertaken to assess the relative per-
formance of its male and female operators over nine different experiments
whose design, protocols, and overall results have been detailed previously [3-
8].

Methodology

The most direct assessment of male/female differences in performance
would appear to be a simple comparison of the composite results of the two



groups for each experiment via a simple z-score calculation for the differ-
ences.  However, these composite values are strongly weighted by substantial
disparities in the sizes of the individual operator databases, which can easily
distort their interpretation.  More informative indications of the relative contri-
butions of the male and female operators can be obtained by examining their
results on an individual basis and then comparing the average yields and the
proportions of operators in each gender group who produce results correlating
with intention.  This proportional approach also permits comparisons across
diverse databases where calculat ions of effects are necessarily based on differ-
ent scales.

In the sections to follow, the results of each of nine distinct experiments are
presented by gender, both in terms of their composite and average results, and
as summaries of the proportional yields of the individual operators.  (Full de-
tails of the individual results are available in a Technical Report [10]).  It
should be noted at the outset that most of the experimental databases are rela-
tively small in terms of the numbers of contributing operators, and thus the
statistical results based on these proportions frequently entail large error bars .
It should also be noted that many of the operators participated in more than
one experiment, but since all of the experiments are independent of each other,
each operator-experiment database is treated as a separate entity.  This ap-
proach results in a total of 270 individual contributions over nine separate ex-
periments, 130 from male operators and 140 from female, comprising a more
robust base for overall statistical assessment of gender contributions.

1. Random Event Generator Experiments

The most extensive PEAR databases have utilized a microelectronic random
event generator (REG) as the target device [3-6].  The ª benchmarkº  experi-
ment comprises more than 2.5 million trials, each consisting of 200 random bi-
nary samples.  These data were generated over a 12-year period by 91 opera-
tors in 522 independent experimental series ranging in size from 1000 to 5000
trials per intention, depending on the protocol involved.  (In all PEAR experi-
ments, a ª seriesº  is the pre-established evaluative unit, each constituting an in-
dependent replication of the basic experiment.)  The benchmark REG database
was accumulated over three distinct experimental phases which differed in
terms of series size, run length (the number of trials produced automatically as
a result of a single initiating button push), and the number of secondary op-
tions available to the operator, e.g., run length, automatic or manual operation,
volitional or instructed assignment of intention, or the available modes of vi-
sual feedback on the machine face and its accompanying computer screen.
However, all the experiments followed the same basic tri-polar protocol in
which the operator was seated in the same room as the device and generated
data under three distinct intentions:  attempts to shift the mean of the output
distributions in the positive direction (HI), in the negative direction (LO), or to

Gender Differences 5
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produce a baseline (BL) under no directional intention, with all other condi-
tions held constant for the duration of a given series .

Of the 91 operators who contributed to this database, 50 males produced a
total of 228 series, or approxim ately 327,000 trials per intention, and 41 fe-
males generated 294 series, or approxim ately 506,000 trials per intention.
(These numbers are approximate  because in some of the earlier series a ran-
domly assigned instruction for the direction of each run resulted in unequal
numbers of trials per intention; a later modification  of the program guaranteed
equal numbers of trials per intention in this ª Instructedº  mode.)  The compos-
ite results of this  database , as well as the relative contributions by male and fe-
male operators, are summarized in Table 1.  The ª normalized deviation,º  d c,
utilized here is simply the deviation of the composite experimental mean from
the theoretical expectation of 100, multiplied by 100 for convenience of tabu-
lation.  It provides an indication of the magnitude of the deviation achieved,
but is vulnerable to statistical uncertainty for small data sets.1 The ª z-scoreº ,
or zc, def ined as the deviation of the composite experimental mean from the
theoretical expectation normalized by the standard error,  , where s 0 is the the-
oretical trial standard deviation and N is the number of trials in the given data
set, provides a more reliable indication of the statistical significance of the
achieved deviation over databases of varying sizes but, as noted above, can ob-
scure the absolute magnitude of achievement in the smaller data sets.  These
two indicators, d c and zc, thus complement one another for interpretation of
the results.

Table Notes. In this and subsequent tables, achievements in the direction of
effort in the high intentions (HI) and in the high-low differences (HI-LO) are
indicated by positive deviations and z-scores, and in the low intentions (LO)
by negative numbers.  Positive numbers in the baselines (BL) indicate results
higher than the theoretical mean.  Results opposite to intention, or lower than
the theoretical expectation in the baselines, are indicated by parentheses .
Those z-scores exceeding the one-tailed p<.05 criterion (>±1.65) in the direc-
tion of intention, and their associated probabilities, are noted by asterisks (*) ;
z-scores >±1.65 opposite to intention are indicated by daggers (² ).  Probabili -
ties for intentional ef forts are calculated on a one-tailed basis; those for base-
lines, where there is no directional expectation, are two-tailed, with a p<.05
criterion of z>±1.96.

These composite results suggest that while both groups produce compara-
ble results in the LO and BL, the female operators are collectively more suc-

1This normalized deviation is similar to the standardized ª effect sizeº  def ined by Rosenthal [11], ex-
cept that his version is normalized by the theoretical trial standard deviation, s 0, while ours is 
normalized by an arbitrary constant for convenien ce in tabulation.  Since s 0 is itself a constant of the ex-
periment, the normalized deviations,  d c, and standard ef fect sizes , e , are related by the constant ratio of 
d c/e = 100 s 0 = 707.1.



cessful than the males in the HI efforts, resulting in a corresponding advantage
in the HI - LO.  However, as noted above, this impression is misleading because
of the considerable variability among individual operator performances and in
the sizes of their respective databases.  The female average database is nearly
twice as large as the male average and includes three exceptionally large indi-
vidual databases with strong positive results.  Even excluding the most prolific
female database consisting of some 120,000 trials per intention, the average
female database still remains nearly a third larger than the average male’s .
While this difference clearly cannot be regarded as an experimental result, it
bears noting because of its impact on the statistical representation  of the com-
posite results; it may also reflect different operational strategies employed by
the two groups.

The individual operator performances are summarized by gender in Table 2,
wherein are displayed the averages of the individual normalized deviations
and the average z-scores for the HI, BL, and LO efforts, along with those of the
HI - LO differences for each group.  The number and proportion of operators of
each gender who produce results consistent with their intentions (or above 100
in the baselines ) , relative to the 50% who might be expected to do so by
chance, and the number and proportion of individuals who achieve results be-
yond the one-tailed .05 chance expectation (two-tailed for baselines) are also
provided, with the proportions in the opposite tail in parentheses, along with

Gender Differences 7

TABLE 1
Composite Results of All Local REG Experiments

HI BL LO HI - LO 

All Operato rs (522 Series )
Number of Trials (N) 839,800  820,75 0 836,650  ~837,825
Distribution Mean (µ) 100.026 100.013 99.984 .042
Normalized Deviation ( d c) 2.6 1.3 ± 1.6 4.2
Std. Dev. Trial Scores ( s ) 7.070 7.074 7.069 9.998
z-Score (zc) 3.369 1.713 ± 2.016* 3.809*
Probability (p) 4 ́  10 - 4* 0.086 0.022* 7 ́  10 - 5*  

50 Male Opera tors (228 Series )
Number of Trials (N) 331,650  316,75 0 331,300  ~331,475
Distribution Mean (µ) 100.015 100.011 99.983 0.032
Normalized Deviation ( d c) 1.5 1.1 - 1.7 3.2
Std. Dev./Trial Scores ( s ) 7.060 7.064 7.064 9.987
z-Score (zc) 1.228 0.865 - 1.424 1.875* 
Probability (p) 0.110 0.386 0.077 0.030* 

41 Female Opera tors (294 Series )
Number of Trials (N) 508,150  504,00 0 505,350  ~506,75 0  
Distribution Mean (µ) 100.033 100.015 99.986 0.047
Normalized Deviation ( d c) 3.3 1.5 - 1.4 4.7
Std. Dev./Trial Scores ( s ) 7.077 7.080 7.073 10.00 6
z-Score (zc) 3.339* 1.500 - 1.441 3.382* 
Probability (p)  4 ́  10 - 4* 0.134 0.075 4 ́  10 - 4* 

* Ð  see Table Notes on p. 6.
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the statistical z-scores associated with those proportions .2 The statistical merit
of these proportional gender differences are displayed as z-scores (zdiff) at the
bottom of the table.  For the p<.50 criterion, these are determined by compar-
ing the proportion of operators in each group who succeed in the direction of
effort and calculating a z-score for the proportional difference:

These individual operator summaries treat each operator’ s database, regard-
less of size, as a single contribution  to its respective gender group, thus elimi-
nating the disproportionate contributions of the more prolific operators to the

TABLE 2
Individual Operator Results of All Local REG Experiments, by Gender

50 Male Opera tors

HI BL LO HI-LO

Average N 6,594 6,373 6,607 ~6,600
Average d 3.6 2.1 - 0.9 4.5
Average z 0.27 0.18 - 0.13 0.28
# Oprs p<0.50 34 26 29 33
Proportion 0.68 0.52 0.58 0.66
Prop. z 2.55* 0.28 1.13 2.26*

# Oprs p<0.05 7 (3) 3 (0 ) 0 (1) 3  (0)
Proportion 0 .14 (0.06 ) 0.06  (0.00 ) 0 .00 (0.02 ) 0.06 (0 .00)
Prop. z 2.43* (0.32 ) 0.32  ( - 2 .23) ² - 2.23 ( - 1.11 ) 0.32 ( - 2.23) ²

41 Female Operato rs

HI BL LO HI-LO

Average N 12,384 12,293 12,335 ~12,360
Average d 0.4 4.2 (3 .4) ( - 3.1 )
Average z 0.20 0.35 (0.1 6) 0.02
# Oprs p<0.50 23 27 14 14
Proportion 0.56 0.66 0.34 0.34
Prop. z 0.77 2.05 ² ( - 2.05) ² ( - 2.05) ²

# Oprs p<0.05 4 (1) 0 (0 ) 3 (3) 3  (3)
Proportion 0 .10 ( .02 ) 0 .00  ( .00) 0.07 ( .07) 0.07 (0 .07)
Prop. z 1.25 ( - 0.84) - 2.00 ² ( - 2 .00) ² 0 .64 (0.64 ) 0.64 (0 .64)

M/F Diffs.

zdiff p<0.50 1.14 1.33 2.28* 3.04*
zdiff p<0.05 0 .96 (0.80 ) 1.58 ( - 0.31) - 2.08*( - 1 .25) - 0 .19( - 2.08) ²

* and ²  Ð  see Table Notes on p. 6.

2Because the binomial distribution for these extreme-tail populations is seriously distorted from the
normal approximation , these z-scores are not calculated in the usual way, but instead are back-computed
from the exact binomial probability of the number of observed ª successesº  (operators with p<.05), with
a further correction for discreteness.  The zdiff entries  for p<.05 are likewise obtained by comparison of
these back-calcu lated z-scores, rather than from a binomial approximation .



composite results, and provide quite a different picture of gender performance.
In contrast to the impression of stronger female performance suggested by the
composite comparisons, the average male operator actually proves to be more
successful than the average female in producing results consistent with inten-
tion, and in generating baselines consistent with theoretical expectation.  For
example, the average male d H of 3.6 is almost an order of magnitude larger
than the female d H of 0.4, although this difference is not statistically signifi-
cant.  In the LO ef forts, the average male achieves a modest d L ± 0.9 in the di-
rection of effort, while the average female d L of 3.4 is opposite to intention, re-
sulting in a significant zdiff of 2.28.  These contrasts carry over into
comparisons of the d H-L where the male average is 4.5 in the direction of effort,
and the female average is - 3.1, opposite to intention, yielding a highly signifi -
cant zdiff of 3.04.  The BL’ s of both groups are above the theoretical value, but
the average female d B of 4.2 is twice as large as the male 2.1.  Although the dif-
ference between the groups is not statistically significant, the dissimilarities in
the baseline performance of the two groups may be of some interest, given the
ostensibly null intention prevailing in this condition.  Consistent with chance
expectations, only 52% of the males generate baselines above 100, while a sig-
nificant majority of the females (66%) exceed the theoretical value .

At the p<0.05 level the individual achievements and group differences are
considerably less robust, and any attempt at interpretation is correspondingl y
more ambiguous  since, given the small size of the two populations, two or
three operators in either group would be expected to exceed this criterion by
chance in both tails of the population.  Although seven males (14%) exceed
the p<0.05 level of achievement in the HI intention (zM = 2.43),  even this result
must be interpreted very cautiously given the multiple analyses involved.  It is
perhaps worth noting, however, that of the full pool of 91 operators, 11 (12%)
produce significant results in the HI efforts (z = 2.65), while the number of op-
erators of either sex exceeding p<0.05 in the LO’s is well within chance.

The different performances of the male and female operators are illustrated
graphically in Figure 1, where the top portion displays the proportional suc-
cess rates for both groups, and the bottom portion their relative composite and
average deviation s with 1 s error bars. Figures 2a and b, 3a and b, and 4a and b,
plot the individual male and female operator ef fect sizes as a function of data-
base size for the HI, LO, and BL.  Overlaid on these are the chance mean and
empirical mean levels, along with the corresponding .05 tail probability en-
velopes.  The inset tables list the number of operators with ef fect sizes
above/below the two mean values.  In these representations, a number of dis-
tinctions between male and female performance, both qualitative and quanti -
tative, are clearly evident , especially in the LO and BL.

Previous analyses of this REG database demonstrated a significant series
position effect, where strong yields in operators ’  initial series tended to be fol-
lowed by declines in the second and third series, with recovery to positive, but
more modest yields in subsequent series [6, 12].  Since a substantial majority

Gender Differences 9
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(1a)

(1b)

Fig. 1. Gender Comparisons in Local REG Results.
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(2a)

(2b)

Fig. 2. Male and Female Operator Performance: Local REG, High Intention.



12 B. J. Dunne

(3a)

(3b)

Fig. 3. Male and Female Operator Performance: Local REG, Low Intention.
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(4a )

(4b)

Fig. 4. Male and Female Operator Performance: Local REG, Baseline.
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of both the male and female operators in this pool produced only three or
fewer series, it  is worth considering whether the apparent gender-related dif-
ferences could be an artifact of such a series position effect.  To address this
concern, the normalized deviations and statistical z-scores associated with
only the first series produced by each operator were examined separately.  Al-
though these initial series also vary somewhat in the numbers of trials in-
volved, the combinations of the d criterion and the statistically normalized z-
score provide reasonable representations of the results for purposes of
comparison with those of the full operator databases (Table 3).

These first-series comparisons clearly bear suff icient similarity to those of

TABLE 3
Local REG Results, by Gender: First Series vs. Full Databases

50 Male Operators

HI BL LO HI - LO

Full Databases

Composite d c 1.5 1.1 - 1.7 3.2
Composite zc 1.23 0.87 - 1.42 1.88* 
Average d 3.6 2.1 - 0.9 4.5
Average z 0.27 0.18 - 0.13 0.28
Prop. Oprs p<0.50 0.68* 0.52 0.58 0.66*
Prop. Oprs p<0.05 0.14* (0.06 ) 0.06 ( .00 ) 0.00 (.02) 0 .06 ( .00)

First Series Only

Composite d c 5.7 2.2 ± 3.2 8.9
Composite zc 2.29* 0.81 ± 1.29 2.53*
Average d 6.2 2.1 ± 3.2 9.4
Average z 0.33 0.11 ± 0.18 0.36
Prop. Oprs p<0.50 0.62* 0.63* 0.54 0.66*
Prop. Oprs p<0.05 0.08 (0.00 ) 0.00 (0.00 ) 0.08 (0.02 ) 0.06 (0.02 )

41 Female Operato rs

HI BL LO LO - BL

Full Databases

Composite d c 3.3 1.5 - 1.4 4.7
Composite zc 3.34* 1.5 - 1.44 3.38
Average d 0.4 4.2 (3.4 ) ( - 3 .0)
Average z 0.20 0.34 (0.16 ) 0.02
Prop. Oprs p<0.50 0.56 0.66* 0.34 ² 0.34 ²

Prop. Oprs p<0.05 0.10 (0 .02 ) 0.00 (0.00 ) 0.07 (0.07 ) 0.07 (0.07 )

First Series Only

Composite d c 3.6 2.7 1.2 2.4
Composite zc 1.57 1.13 0.51 0.75
Average d 2.1 3.9 (2.8 ) ( - 0 .7)
Average z 0.18 0.20 (0.13 ) 0.03
Prop. Oprs p<0.50 0.54 0.59 0.41 0.41
Prop. Oprs p<0.05 0.07 (0.02 ) 0.02 (0.00 ) 0.05 (0.10 ) 0.07 (0.05 )

* and ²  Ð  see Table Notes on p. 6.



the full databases to confirm the significant gender-related  differences noted
in the overall results.  Even in their initial encounters with the REG, the male
operators are more successful than the females in producing results corre-
sponding to intention, particularly in the LO efforts and, correspondingly, in
the HI - LO comparisons.  Statistical comparisons between the proportions of
males and females succeeding in the direction of ef fort (p<.50) produce a mar-
ginal zdiff of 1.62 in the LO intentions and a significant zdiff of 2.38 in the HI -
LO differences.  There are no significant gender differences in the HI (zdiff =
0.76) or BL (zdiff = 0.38) comparisons.

Since both groups consistently produce better average correlations with in-
tention in the high efforts than in the low, and both tend to distort the baselines
in the high direction, albeit to differing degrees, it is also essential to reconfirm
the absence of any technical bias in the performance of the REG device itself.
Some 5.8 million calibratio n trials accumulated on this machine over a period
of several years yield an overall mean of 99.998, well within chance expecta-
tions (z = - 0.826), and slightly below the theoretical mean of 100.  Thus, the
high-going asymmetries in the operator-generated data cannot be attributed to
machine bias, but must be related to some factor associated with the human
operators, a factor which manifests more strongly in female than in male per-
formance.

It is also worth noting the slight disparities in the trial score standard devia-
tions produced by the two groups, as indicated in the composite summaries of
Table 1.  While none of the F-ratios comparing these values exceed chance ex-
pectations, in all three intentions the female distribution trial variances are
slightly larger than those of the males, a trend that will bear watching in later
experiments.

In summary, a number of suggestive differences emerge from comparisons
of male and female performance in these benchmark REG experiments:

1. On average, the female operators tend to be nearly twice as prolific as
the males in data generation.  (While not an experimental result, this af-
fects the interpretation of the statistical results, and may eventually
prove to be a relevant indicator of differences in the strategies deployed
by the two groups.)

2. In both the high- and low-intention efforts, the male average normalized
deviations and statistical z-scores are larger and more highly correlated
with intention than those of the females .

3. Although both groups are more successful in the high-going ef forts than
in the low, this asymmetry is much stronger in the female data.

4. Consistent with chance expectations, only 52% of the males produce
baselines above the theoretical mean, in contrast with a significant pro-
portion (66%) of the females.

5. While 14% of the males exceed the p<.05 criterion in the high-intentio n
efforts, in all the other experimental conditions the proportions of oper-
ators producing signif icant results are within chance expectations.

Gender Differences 15
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6. Although none of the differences is independen tly significant, in all
three intentions the females produce larger trial score standard devia-
tions than the males.

7. Examination of the results of the first series produced by each operator
in this experiment indicates gender-related differences similar to those
seen in their full databases, thus discounting the possibility  that these
disparities are associated with series position ef fects or are statistical ar-
tifacts of the differences in individual database size.

8. Extensive calibration data show no evidence of any bias in device per-
formance, confirming that the trends observed in the experimental data
are associated with the human operators .

While this benchmark REG database comprises the largest number of par-
ticipating operators of all the PEAR experiments, it is still based on the contri-
butions of a relatively small population.  Thus, although the observed gender
differences are strongly suggestive, they are far from statistically robust.  In
order to determine to what degree these gender-related trends are representa-
tive, it will be useful to compare them with the yields of other PEAR
human/machine databases, even though these are yet smaller in terms of oper-
ator contributions.  Several of these other experiments involve physical de-
vices that lack a theoretical reference and thus require statistical analyses
based on differential comparisons of two empirical distributions.  Therefore ,
before such cross-experiment concatenations can be attempted, it will first be
necessary to represent these REG results in a similar format.  Table 4 presents
the composite and average REG results by gender, comparing the high and low
efforts with the empirical baselines generated by each operator, rather than
with the theoretical value.  These comparisons are illustrated graphically in
Figure  5.

It is important to emphasize that in these differential calculations the HI -
LO, HI - BL and LO - BL comparisons are no longer statistically independent ,
leaving the results of the HI - LO comparisons as the primary statistical figures
of merit in these analyses, and in those of all the other experiments in this sur-
vey.  Nonetheless, the HI - BL and LO - BL comparisons can be informative in-
dicators of database asymmetries and, when contrasted with the theoretically -
based yields of Table 1 and Figure 1, emphasize how shifts of the putatively
ª nullº  baselines can affect the relative proportions of ª successfulº  achieve-
ments in the directions of intention.  The tendency of both groups, especially
the females, to produce baseline means higher than the theoretical value here
compounds with the variability among the individual operator baselines to
present a considerably different picture of the REG yields than that produced
by the theoretical comparisons.  For example, the average female d H - L and
d H- B display extra-chance trends opposite to intention in both comparisons, in-
dicating that the majority of female operators are producing substantially
asymmetrical patterns of performance.  On the other hand, the relatively 



symmetrical pattern of average male results exhibits modest but positive cor-
relations with intention in all three differential comparisons.

Specifically, in the differential analyses 58% of the males produce HI - BL
results in the direction of effort (zH - B = 1.13), compared to 68% whose HI’s ex-
ceed the theoretical mean (zH = 2.55).  In the LO - BL, 54% produce separa-
tions in the desired direction (zL - B = 0.57), compared to 58% with LO results
below the theoretical value (zL = 1.13).  The males HI and LO results thus
prove to be even more symmetrical relative to their empirical baselines than to
the theoretical mean.  On the other hand, only 37% of the females produce 
HI - BL separations corresponding to the directions of effort 
(zH- B = - 1.66) compared to 56% whose HI’s exceed the theoretical mean 
(zH = 0.77).  In the LO - BL comparisons, 54% are successful (zL - B = 0.51),
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TABLE 4
Individual Operator Results of All Local REG Experiments, by Gender

(Referenced to Empirical Baselines )

50 Male Operato rs

HI - LO HI - BL LO - BL

Avg. N per Intention ~6,600 ~6,600 ~6,600
Composite Diff .  ( d c) 3.2 0.4 - 2.8
Composite S.D. ( s c) 9.987 9.987 9.990
Average d 4.5 1.5 - 3.0 
Average z 0.28 0.06 - 0.22
# Oprs. p<0.50 33 29 27 
Proportion 0.66 0.58 0.54
Proportional z 2.26* 1.13 0.57

# Oprs. p<0.05 3  (0) 0 (1 ) 8 (0)
Proportion 0.06 (.00) 0.00 (0.02 ) 0.16 (0.00 )
Proportional z 0.32 ( ± 2.23 ) ² - 2.23 ² ( ± 1.11 ) 2.88* ( ± 2.23 ) ²

41 Female Opera tors

HI - LO HI - BL LO - BL

Avg. N per Intention ~12,360 ~12,360 ~12,360
Composite Diff .  ( d c) 4.7 1.8 - 2.9
Composite S.D. ( s c) 10.006 10.011 10.008
Average d ( - 3.1 ) ( - 3 .8) - 0.8
Average z 0.02 ( - 0.10 ) - 0.13 
# Oprs. p<0.50 14 15 22
Proportion 0.34 0.37 0.54
Proportional z ( - 2.05) ( - 1.66 ) ² 0.51

# Oprs. p<0.05 3  (3) 2 (3 ) 4 (0)
Proportion 0.07 (.07) 0.0 5 ( .07) 0.10 ( .00)
Proportional z 0.64 (0.64 ) - 0.03 (0.64 ) 1.25 ( ± 0.99 )

Male/Female Diffs .
zdif f p<0.50 3.04* 1.99* 0.00
zdiff p<0.05 ± 0.19 ( ± 2.08 ) ² ± 1.63 ( ± 1.25 ) 1.30 ( ± 0.99 )

* and ²  Ð  see Table Notes .
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(5a)

(5b)

Fig. 5.  Gender Comparisons in Local REG Results (Referenced to Empirical Baselines) .



compared to only 34% whose LO results are below the theoretical value 
(zL = ± 2.05), thus emphasizing the asymmetry in their intentional perfor-
mances relative to their empirical baselines.   This asymmetry is reflected in the
zdiff ’ s of the group proportions, where the male/female difference in the HI-BL
yields a zdiff = 1.99, but their LO - BL performances are statistically indistin-
guishable.  (Recall that relative to the theoretical mean, the strongest differ-
ences between the two groups were in the low-intention  efforts, while the high
and baseline comparisons were within chance.)

The proportions of significant individual achievements also change with
this shift to empirical comparisons, particularly in the male database.  Relative
to theory, seven males (14%) produce significant d H results in the direction of
intention, and none in the d L .  Relative to their respective baselines,  however,
none of the males achieve signif icant results in the d H- B, while eight (16%)
produce significant d L - B separation s.  By theoretical standards, four females
(10%) produce significant d H results and three (7%) in the d L , while in the em-
pirical comparisons only two (5%) achieve significant d H-B results and four
(10%) succeed in the d L - B.  None of the male/female zdiff ’ s are significant.

2. Remote REG Experiments

Another substantial body of data generated on the same REG device con-
sists of 212 experimental series, totaling some 458,000 trials per intention,
produced under a ª remoteº  protocol [7].  In the majority of these experiments,
comprising 184 series and 396,000 trials per intention, the operators were not
present in the laboratory while the machine was in operation, but were direct-
ing specific intentions from remote locations for the outcomes of runs generat-
ed in the laboratory at pre-arranged times.  Some 47 of these series followed an
ª off-timeº  protocol where the operators deliberately generated their inten-
tions at times prior to or after machine operation.  A hybrid ª remoteº  protocol
consisted of an additional 28 series, or 62,000 trials per intention, in which the
operators were present in the laboratory complex and personally  initiated the
REG operation, but were situated in a different room while the device was run-
ning.  Although these 28 hybrid series were not included in the formal remote
database described in Reference [7], they are included in the present survey to
extend the sizes of the operator pools.  In all of these remote experiments,
none of the laboratory staff had knowledge of the operators’  intentions until
well after the data were produced and recorded.

Of the total of 27 operators contributing to this remote database, 12 males
produced a total of 164,000 trials per intention in 72 series, and 15 females a
total of 294,000 trials per intention in 140 series.  (The earliest remote experi-
ments def ined a single series as 3000 runs per intention conducted in three sep-
arate sessions, each consisting of 1000 trials per intention generated automati -
cally in three single 1000-trial runs; a later modification def ined each such
session as an independent  series.)  The results of these experiments are 
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presented in Table 5, in the same differential format as the local REG results in
Table 4.  Figure 6 displays these comparisons in graphic  form.

The small number of operators participating in these remote REG experi-
ments renders any statistical interpretation of the results tentative at best.
Nonetheless, the general trends of the two groups bear several potentially rel-
evant similarities to those noted in the local experiments.  For example, the av-
erage female database is more than 30% larger than the average male’s, while
the average male d H - L is 6.75 times larger than that of the average female.  A
significant proportion of the male operators (75%) produce d H-L’ s in the in-
tended direction, compared with only 53% of the females, although the differ-
ence is not significant.  Again, these results are quite different from those pro-
duced when compared with theory.  In the theoretical comparisons, 83% of the

TABLE 5
Individual Operator Results of All Remote REG Experiments, by Gender

(Referenced to Empirical Baselines)

12 Male Opera tors

HI - LO HI - BL LO - BL

Avg. N per Intention 13,667 13,667 13,667
Composite Diff .  ( d c) 3.0 0.9 ± 2.1
Composite S.D. ( s c) 10.031 10.018 10.015
Average d 2.7 6.0 (3.4 ) 
Average z 0.37 0.30 ± 0.06 
# Oprs. p<0.50 9 7 7
Proportion 0.75 0.58 0.58
Prop. z-Score 1.73* 0.55 0.55
# Oprs. p<0.05 0 (0) 1  (0) 1 (1 )
Proportion 0 .00 (0.00 ) 0.08 (0.00 ) 0.08 (0.08 )
Proportional z ± 0.99 ( ± 0.99 ) 0.48 ( ± 0.99 ) 0.48 (0.48 )

15 Female Operato rs

HI - LO HI - BL LO - BL

Avg. N per Intention 19,600 19,600 19,600
Composite Diff .  ( d c) 3.4 0.6 ± 2.8
Composite S.D. ( s c) 10.016 10.021 10.025
Average d 0.4 ( ± 0.1 ) ± 0.5
Average z 0.26 ( ± 0.08) ± 0.28
# Oprs. p<0.50 8 7 11
Proportion 0.53 0.47 0.73
Proportional z 0.23 ( ± 0.23) 1 .78*

# Oprs. p<0.05 1 (0) 3  (2) 1 (0 )
Proportion 0 .07 (0.00 ) 0.20 (0.13 ) 0.07 (0.00 )
Proportional z 0.28 ( ± 1.14 ) 2.05* (1.24 ) 0.28 ( ± 1.14 )

Male/Female Diffs .
zdiff p <0 .50 1.14 ± 0.62 ± 0.77
zdiff p <0 .05 ± 0.87 (0.19 ) ± 1.21 ( ± 1.58 ) 0.11 (1.17 )

* Ð  see Table Notes on p. 6.
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(6a)

(6b)

Fig. 6. Gender Comparisons in Remote REG Results.
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males (zH = 2.29) succeed in the high efforts, but only 50% in the low, while
53% of the females succeed in both the high and low efforts relative to chance.
In the empirical comparisons, 73% of them produce d L - B in the desired direc-
tion, compared with only 47% in the d H- B, while 58% of the males are success-
ful in both comparisons.

It might also be noted that in these remote experiments both groups produce
trial score standard deviations larger than the theoretical expectation of 7.071,
in this case with those of the males larger than the females ’  in the HI and LO
efforts and that of the females higher in the BL.  The male s H of 7.095 is sign if-
icantly larger than chance (p = 0.03), and the s L of 7.089 marginally  so 
(p = 0.07).  In the baselines, however, the male s B of 7.072 is very close to the
theoretical value, while the female s B of 7.092 is significantly larger than
chance (p = 0.02), and considerably larger than those associated with their in-
tentional efforts.  (It may be recalled that the female s B in the local REG data
was also higher than those of their intentional efforts.)  None of the F-ratios
for the differences between the groups are statistically significant, however.

3. PseudoREG Experiments

In order to address the question of whether the physical behavior of the
noise source itself  is affected in these anomalous human/machine interactions,
the electronic source element was replaced by a categorica lly different
pseudorandom source [3± 6].  This device employed a feedback array of 31 mi-
croelectronic shift registers that produced a sequence of 2 ´ 109 bits that cy-
cled continuously with a repetition period of about 60 hours, so that, in princi-
ple, the only non-deterministic aspect of the experiment should be the time of
incursion initiated by the operator.  In its actual operation, however, the
ramped sampling mechanism was found to introduce another random element
into the process, albeit one of considerably different physical character than
the noise diode of the standard REG device. Thus, its label of ª pseudorandomº
is not technically accurate, but it has proven useful for distinguishing this de-
vice from the diode REG and from the fully deterministic ATPseudo experi-
ments described in later sections. Switched into the standard REG apparatus at
an appropriate location, this noise source replaced the commercial noise diode
and its conditioning circuitry, but left all subsequent sampling, counting, and
display circuitry, feedback, and software identical to the benchmark version.
From the perspective of the operator, this system was virtually indistinguish -
able from that of the standard REG, and the experimental protocols employed
were identica l.

The small database, consisting of 39 series (approximately 102,500 trials
per intention), produced on this device by three male and seven female opera-
tors, is summarized in Tables 8 and 9, using the same differential analysis em-
ployed for Tables 6 and 7.

Given the small male population, the huge error bars make it impossible to
calculate meaningful  statistics for their tail populations, or to present informa-



tive graphic representation of the results.  These are therefore omitted for this
experiment and others with similarly small populations.  We might simply
note the larger size of the average female database and their smaller average
deviations in the HI - LO and HI - BL comparisons.  In this experiment the fe-
male results are more symmetrical than the male relative to their respective
baselines, which in both groups are lower than the theoretical value, and their
trial score standard deviations are smaller than the theoretical value in all
three conditions  while those of the males are larger in the HI and LO ef forts.
All seven of the females and two of the three males produce low-intention re-
sults in the direction of effort, and both groups succeed in generating signifi-
cant composite yields in the high efforts and in the HI - BL comparisons.  The
composite results of the female low-intention efforts are also significant, as
are their composite HI - LO comparisons, and a significant proportion of them
produce HI - LO results in the desired direction.  A majority in both groups
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TABLE 6
Composite Results of All PseudoREG Experiments

All Operators 3 Male Oprs 7 Female Oprs

No. Trials/Intention ~102,50 0 ~12,500 ~90,000
No. Series 39 5 34

High mean 100.049  100.113 100.040
SD trials 7.049 7.098 7.041
Norm. deviation ( d c) 4.9 11.3 4.0
z-score 2.25* 1.84* 1.70*
Average d 11.3 15.8 0.4

Low mean 99.952 100.012 99.944
SD trials 7.074 7.117 7.068
Norm. deviation ( d c) ± 4.8 (1.2) ± 5.6
z-score ± 2.16* (0.1 8) ± 2.36*
Average d ± 5.4 (3.6) ± 9.2

Baseline mean 99.971 99.946 99.975
SD trials 7.051 7.048 7.051
Norm. deviation ( d c) ± 2.9 ± 5.4 ± 2.5 
z-score ± 1.30 ± 0.86 ± 1.07 
Average d ± 1.4 ± 4.2 ± 0.2

HI - LO d c 9.7 10.1 9.6
S.D. 9.986 10.052 9.977
z-score 3.11* 1.17 2.87*
Probability 9 ́  10 ± 4* 0.121 0.002*

HI - BL d c 7.8 16.7 6.5
S.D. 9.970 10.003 9.965
z-score 2.51* 1.91* 1.96*
Probability 0.006* 0.028* 0.025*

LO - BL d c ± 1.9 6.6 ± 3.1
S.D. 9.988 10.016 9.984
z-score ± 0.61 (0.7 4) ± 0.91
Probability 0.271 (0.230 ) 0.181

* Ð  see Table Notes on p. 6.
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produce results in the directions of effort in all three comparisons, with no sig-
nificant differences between them.

4. ATPseudo Experiments

A related PEAR experiment with a more substantial database involves a
computer-generated pseudorandom source developed from a commercial ran-
domization algorithm, seeded by a combination of the current time and mi-
crosecond timer count between the setup and start keystrokes by the operator.
Unlike the PseudoREG experiment described in the previous section, this AT-
Pseudo experiment is fully deterministic in character.  (Its nomenclature de-
rives from the fact that these experiments were run on an IBM 286-AT com-
puter. )

This database consists of 482 series, each of 1000 trials per intention, pro-
duced by 17 male and 13 female operators, although 54% of the data were pro-
duced by only three female operators.  A comprehensive regression-based

TABLE 7
Individual Operator Results of All PseudoREG Experiments,by Gender

3 Male Operato rs

HI - LO HI - BL LO - BL

Avg # Trials/Int. 4,167 4,167 4,167
Avg Deviation ( d ) 22.3 20.0 7.8
Avg z-Score 0.73 1.18 0.46

# Oprs p<0.50 2 2 2
Proportion 0.67 0.67 0.67
Prop. z-Score ³ ³ ³

# Oprs p<0.05 1 (0 ) 1 (0 ) 1 (0 )
Proportion 0.33 (0.00 ) 0.33 (0.00 ) 0.33 (0.00 )
Prop. z-Score ³ ³ ³

7 Female Opera tors

HI - LO HI - BL LO - BL

Avg # Trials 12,857 12,857 12,857
Avg Deviation ( d ) 9.5 0.2 ± 8.9
Avg z-Score 0.95 0.44 ± 0.51

# Oprs p<0.50 6 5 5
Proportion 0.86 0.71 0.71
Prop. z-Score 1.90* 1.11 1.11

# Oprs p<0.05 1 (0 ) 2 (1 ) 1 (0 )
Proportion 0.1 4 ( .00) 0.29 (0.14 ) 0.14 (0.00 ) 
Prop. z-Score 0.92 ( ± 0.71 ) 2.01* (0.92 ) 0.92 ( ± 0.71 )

* Ð  see Table Notes on p. 6.
³  insuff icient data 



analysis of variance of all of PEAR’s REG-type experiments indicated that the
results of this ATPseudo experiment differed significantly from those of all
the others in their lack of any demonstrated anomalous effects [3-6].
Nonetheless, they are included here for completeness, and because they pro-
vide a valuable opportunity to compare the gender-related performances ob-
served in successful experiments with those yielding null results.  The individ -
ual operator results are summarized in Tables 8 and 9 and displayed in Figure
7.

The main point to be noted in these results is that none of the patterns ob-
served in the successful REG experiments are evident in these data.

5. Remote ATPseudo Experiments

Similar null results characterize a smaller remote ATPseudo database con-
sisting of 86 series, generated by 3 males and 7 females, summaries of which
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TABLE 8
Composite Results of All Local ATPseudoREG Experiments

All Operators 17 Male Oprs. 13 Female Oprs .

No. Trials 396,000 77,000 319,000
No. Series 396 77 319

High mean 100.004 100.011 100.002
SD trials 7.073 7.083 7.068
Normalized dev. 0.4 1.1 0.2
z-Score 0.33 0.41 0.17
Average dev. 2.1 ± 1.3 2.3

Low mean 100.014 100.038 100.008
SD trials 7.058 7.070 7.055
Normalized dev. (1.4 ) (3 .8) (0 .8 )
z-Score (1.25 ) (1.4 9) (0 .66)
Average dev. (2.9 ) (0 .9) (3 .4 )

Baseline mean 100.007 100.051 99.996
SD trials 7.072 7.081 7.070
Normalized dev. 0.7 5.1 ± 0.4 
z-Score 0.60 2.02* ± 0.33
Average dev. 0.8 2.9 0.3

HI - LO d ± 1.0 ± 2.7 ± 0.6
S.D. ( s c) 9.986 10.052 9.977
z-score ( ± 0.65 ) ( ± 0 .76) ( ± 0.35)
Probability (0.258 ) (0.22 4) (0 .363)

HI - BL d ± 0.3 ± 4.0 0.6
S.D. ( s c) 9.970 10.003 9.965
z-score ( ± 0.19 ) ( ± 1 .14) 0.35
Probability (0.425 ) (0.12 7) 0.363

LO - BL d 0.7 ± 1.3 1.2
S.D. ( s c) 9.988 10.016 9.984
z-score (0.46 ) ± 0.37 (0 .70)
Probability (0.323 ) 0.356 (0 .242)

* Ð  see Table Notes on p. 6.
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are presented in Tables 10 and 11.  Again, since there are only three male oper-
ators, graphic representation is omitted, as are their proportional
z-scores for p<.05.

6. Random Mechanical Cascade (RMC) Experiments

To address the relative importance of the physical genre of the particular de-
vices with which the operators attempt to interact, a variety of more diverse
machines have been employed, several of which have proven amenable to sys-
tematic study and have yielded databases that can be included in this gender
effect survey.  One of these is a macroscopic random mechanical cascade
(RMC) device, measuring some 6 ¢ ´ 10 ¢ in dimension.  This apparatus allows
9000 3/4 ² polystyrene spheres to trickle downward through a quincunx array
of 330 3/4 ² diameter nylon pegs, whereby they are scattered into 19 collecting
bins across the bottom, ® lling them in close approximation to a Gaussian dis-
tribution.  The growing populations of every bin are tracked photo-electrically
and displayed via LED counters at the bottom of those bins, and

TABLE 9
Individual Operator Results of All Local ATPseudo Experiments, by Gender

17 Male Opera tors

HI - LO HI - BL LO - BL

Avg # Trials 4,529 4,529 4,529
Avg Deviation ( d ) ( ± 2 .3) ( ± 3 .5) ± 2.0
Avg z-Score ( ± 0.16 ) ( ± 0 .20) ± 0.04
# Oprs p<0.50 8 6 10
Proportion 0.47 0.35 0.59
Prop. z-Score ( ± 0.25 ) ( ± 1 .24) 0.74

# Oprs p<0.05 0  (0) 0 (0) 1 (0 )
Proportion 0.00 (0 .00) 0.00 (0.00 ) 0.06 (0.00 )
Prop. z-Score ± 1.22 ( ± 1.22 ) ± 1.22 ( ± 1.22 ) 0.16 ( ± 1.22 )

13 Female Operato rs

HI - LO HI - BL LO - BL

Avg # Trials 25,462 25,462 25,462
Avg Deviation ( d ) ( ± 1 .2) 1.9 (3 .1 )
Avg z-Score 0.05 0.20 (0 .15 )
# Oprs p<0.50 5 6 6
Proportion 0.38 0.46 0.46
Prop. z-Score ( ± 0.87 ) ( ± 0 .29) ( ± 0.29)

# Oprs p<0.05 0  (0) 1 (0) 0 (1 )
Proportion 0.00 (0 .00) 0.08 (0.00 ) 0.00 (0.08 )
Prop. z-Score ± 1.04 ( ± 1.04 ) 0.41 ( ± 1.04 ) ± 1.04 (0.41 )

Male/Female Diffs.

zdiff p<0.50 0.49 ± 0.60 0.71
zdiff p<0.05 ± 0.23 ( ± 0.23 ) ± 1.19 ( ± 0.23) 0.81 ( ± 1.19 ) 
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Fig. 7. Gender Comparisons in Local ATPseudo Results.
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simultaneously recorded on-line in an appropriately coded computer file.  In
the local protocol, the operator is seated on a sofa approximately eight feet
from the machine and attempts to distort the distribution of balls to the right or
to the left, or to generate a baseline .

The principal RMC database consists of 1131 runs per intention, generated
in 87 series by 25 operators, 12 males and 13 females.  Each series comprises
20 (in some of the earlier series) or 10 runs per intention [3, 4, 5, 8].  These re-
sults have here been combined with those of a smaller, more recent RMC data-
base, consisting of 70 series of only three sets of runs per intention, but follow-
ing the same basic tri-polar protocol.  This extends the operator pools to 16
males and 20 females and offers a slightly stronger statistical base for indica-
tions of any gender-related trends.

By its nature, this device precludes any precise theoretical reference.  It also
displays mild long-term drift in its calibration data, presumably due to me-
chanical wear, and shorter-term variations correlated with temperature and hu-
midity (which are routinely recorded).  As a result, all analytical  assessments

TABLE 10
Composite Results of All Remote ATPseudoREG Experiments

All Operators 3 Male Oprs . 7 Female Oprs .

No. Trials 86,000 20,000 66,000
No. Series 86 20 66

High mean 100.027 99.961 100.047
SD trials 7.055 7.037 7.060
Normalized dev.  2.7 ( - 3.9) 4.7
Average dev. 5.0 ( - 1.8) 7.0

Low mean 100.015 99.986 100.024
SD trials 7.062 7.041 7.069
Normalized dev.  (1 .5 ) - 1.4 (2 .4 )
Average dev. (1 .2 ) (1 .9 ) (1 .0 )

Baseline mean 99.997 99.953 100.010
SD trials 7.071 7.053 7.077
Normalized dev. - 0.3 - 4.7 1.0
Average dev. 2.6 - 0.4 3.5

HI - LO d 1.2 ± 2.5 2.3
S.D. ( s c) 9.982 9.955 9.991
z-score 0.34 ( - 0.36) 0.58
Probability 0.37 (0 .36 ) 0.28

HI - BL d 3.0 0.8 3.7
S.D. ( s c) 9.989 9.963 9.996
z-score 0.89 0.11 0.95
Probability 0.19 0.46 0.17

LO - BL d 1.8 3.3 1.4
S.D. ( s c) 9.994 9.966 10.003 
z-score (0 .55) (0 .47 ) (0 .37 )
Probability (0 .29) (0 .32 ) (0 .36 )



of anomalous effects related to operator intention must proceed on a local dif-
ferential basis, with only the paired differences among the right (RT), left (LT),
and baseline (BL) ef forts within a given tri-polar set statistically cumulated
and processed.  The cumulated differences between the right and left efforts
(RT - LT), evaluated in terms of a Student ’s t-test based on the standard devia-
tions of the differences between runs within a local set, are regarded as the pri-
mary indicators of any operator effects.  However, since each run involves
9000 individual ball trajectories,  the t-distribution with ~18,000 d.f. in each
pair comparison is statistically indistinguishable from the normal z-distribu -
tion, and so, for consistency of comparison with the REG experiments, the re-
sults are represented as z-scores in the tables below.  Statistical  z-scores for
both the RT- BL and LT - BL are also calculated separately and, while these are
not independent of the primary RT - LT comparisons, they can be instructive
for evaluating the trends of the three intentions relative to one another.

The composite results of the RMC gender subsets are presented in Table 12
which, for purposes of comparison, also provides the averages of the individ -
ual normalized mean shifts for the right, left, and baseline conditions ( d a) ,
along with their composite values ( d c).  Lacking a theoretical mean value as an
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TABLE 11
Individual Operator Results of All Remote ATPseudo Experiments, by Gender

3 Male Operato rs

HI - LO HI - BL LO - BL

Avg # Trials 6,667 6,667 6,667
Avg Deviation ( d ) ( ± 3.7 ) ( ± 1 .4) (2.3)
Avg z-Score ( ± 0.25) ( ± 0 .02) (0.23 )
# Oprs p<0.50 1 1 0
Proportion 0.33 0.33 0.00
Prop. z-Score ³ ³ ³

# Oprs p<0.05 0 (0 ) 0 (0) 0  (0)
Proportion 0.00 ( .00) 0 .00 (0.00 ) 0.00 (0.00 )
Prop. z ± Score ³ ³ ³

7 Female Opera tors

RT - LT RT - BL LT - BL

Avg # Trials 9,429 9,429 9,429
Avg Deviation ( d ) 6.0 3 .5 ± 2.5
Avg z-Score 0.33 0.30 ± 0.03
# Oprs p<0.50 4 3 4
Proportion 0.57 0.43 0.57
Prop. z-Score 0.37 ( ± 0 .37) 0.37

# Oprs p<0.05 0 (0 ) 1 (0) 0  (1)
Proportion 0.00 (0.00 ) 0 .14 (0.00 ) 0.00 (0.14 )
Prop. z-Score ± 0.71 ( ± 0.71) 0.92 ( ± 0.71 ) ± 0.71 (0.92 )

³  insuff icient data
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absolute reference, these deviations  are def ined as the differences between the
experimental means of the bin distributions and the arbitrary value of 10 .0 ,
which is essentially the global mean bin of the RMC device, normalized by the
latter and expressed in units of 10 ± 3 bins/bin.  Since the raw run variances are
contaminated by environmental drift and machine wear, the standard devia-
tions of the run scores given here are reconstructed from the differential values
listed in the lower portion of the table.3 It should be noted that a right intention
in this experiment represents an attempt to shift the output distribution mean
toward higher bin numbers, and a left intention toward lower bin numbers .
Thus, the RT and LT notation in the tables may be regarded as equivalent to
the HI and LO indicators of the REG experiments.  Table 13 summarizes the
individual operator contributions as a function of gender.  (Note that again the

TABLE 12
Composite Results of All Local RMC Experiments

All Operators 16 Male Oprs. 20 Female Oprs .

No. Run Sets 1341 332 1009     
No. Series 157 40 117

Right Mean 10.0180 10.0172 10.0183
SD Run Scores 0.0345 0.0376     0.0337     
Composite d c 1.8 1.72     1.83     
Average d a 1.05 1.64     0.86     

Left Mean 10.0135 10.0133     10.0136     
SD Run Scores 0.0351 0.0310     0.0363     
Composite d c 1.35     1.33     1.36     
Average d a 0.64     1.26     0.43     

Baseline Mean 10.0184      10.0148     10.0195     
SD Run Scores 0.0356     0.0340     0.0364     
Composite d c 1.84     1.48     1.95     
Average d a 1.15     1.41     1.07     

RT-LT d RL 0.45     0.38     0.47
S.D. Run Diff s . 0.0492     0.0487     0.0495
z-score 3.348*    1.462     3.022*
Probability 4 ́  10 ± 4*    0.072     0.001*

RT-BL d RB ( ± 0.04)     0 0.23     ( ± 0.1 3)
S.D. Run Diff s . 0.0496     0.0507     0.0496     
z-score ( ± 0.307 )     0.922     ( ± 0.882)      
Probability (0.379)     0.178     (0.189 )     

LT-BL d L B ± 0.48     ± 0.14     ± 0.60     
S.D. Run Diff s . 0.0500     0.0460     0.0514     
z-score ± 3.663*    ± 0.552     ± 3.907*    
Probability 10 ± 4*    0.290     5 ́  10 ± 5*    

* Ð  see Table Notes on p. 6.

3Since the spurious contributions to the means cancel out to an excellent statistical approximation
within the tri-polar sets, reconstructions of the separate intention variances ,  s h, s b, s l, from the matrix of
the differential variances, s H- L , s H- B, s L - B, are also protected from these artifacts.  The appropriate alge-
braic relations are simply:

s 2
h = ( s 2

H- L + s 2
H - B - s 2

L - B)/2
s 2

b = (- s 2
H - L + s 2

H - B + s 2
L - B)/2

s 2
l = ( s 2

H- L - s 2
H- B + s 2

L - B)/2



difference d ’ s and their associated z-scores displayed here are averages of the
individual operator differences, and hence are different from the composite
difference values displayed in the lower half of Table 12.)  Figure 7 represents
these results in graphical form.

In these RMC experiments, the females are again more prolific  than the
males in generating data, with average databases some 2.5 times as large, and
their intentional results are again less symmetrical relative to their baselines .
As in the REG experiments, their stronger composite RT- LT and LT - BL
yields and their null RT- BL results give an initial impression of greater suc-
cess than the males, but again this may well be attributed to their unusual base-
line performance.   The top portion of Table 12 indicates that both the compos-
ite d c and average d a of the female baselines values are higher than those of
either their left- or right-intention efforts, and their composite baseline value
is higher than those of any of the three male conditions, strongly suggestive of
right-shifted baselines.  Although the requisite differential analysis in this ex-
periment does not permit statistical demonstration of such a baseline shift, it
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TABLE 13
Individual Operator Results of All Local RMC Experiments,by Gender

16 Male Operato rs

RT - LT RT - BL LT - BL

Avg # Run Sets 20.75 20.75 20.75
Avg Difference ( d ) 0.38 0.23 ± 0.15
Avg z-Score 0.34 0.22 ± 0.13
# Oprs p<0.50 10 11 10 
Proportion 0.63 0.69 0.63
Prop. z-Score 1.04 1.52 1.04

# Oprs p<0.05 1 (1 ) 1 (0 ) 1 (1)
Proportion 0.06 (0.06 ) 0.06 (0.00 ) 0.06 (0.06 )
Prop. z-Score 0.22 (0.22 ) 0.22 ( ± 1.18 ) 0.22 (0.22 )

20 Female Opera tors

RT - LT RT - BL LT - BL 

Avg # Run Sets 50.45 50.45 50.45
Avg Difference ( d ) 0.43 ( ± 0.21) ± 0.64
Avg z-Score 0.44 ( ± 0.20) ± 0.64
# Oprs p<0.50 12 9 14
Proportion 0.60 0.45 0.70
Prop. z-Score 0.89 ( ± 0.45) 1.79*

# Oprs p<0.05 3 (0 ) 1 (1 ) 2 (0)
Proportion 0.15 (0.00 ) 0.05 (0.05 ) 0.10 (0.00 )
Prop. z-Score 1.68* ( ± 1.34 ) 0.00 ( 0.00 ) 0.91 ( ± 1.34 )

Male/Female Diffs.

zdiff p<0.50 0.18 1.43 0.42
zdiff p<0.05 - 1.11 (1.15 ) 0.15 ( - 0.79) - 0.53 (1.15 )

* Ð  see Table Notes on p. 6.
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may be recalled that a similar pattern was noted in the REG data, where a 
sign ificant proportion of the female operators produced baseline means higher
than the theoretical value.  Thus, while the female composite RT- LT and LT -

BL separations exceed chance in the intended directions, their RT- BL effects
are opposite to intention, resulting in a strong asymmetry in their overall data-
base that bears some resemblance to their REG performance.

At the level of individual operator performance, a majority of operators in
both groups succeed in producing d R- L ’ s in the desired direction to a compara-
ble degree, although the male average values in both the RT and LT are sub-
stantially larger,  i .e . more strongly right-shift ed, than the female.  The RT - BL
comparisons indicate that the male average deviation is in the intended direc-
tion while the female is opposite to intention, with 69% of the males achieving
positive results and only 45% of the females, although the difference is not sig-
nificant.  In contrast, while the majority of operators in both groups are suc-
cessful in the LT- BL comparisons, the females exceed the males in both the
magnitude of their average deviations and in the proportion producing results
in the intended direction, although the difference is again statistically negligi -
ble.

The reconstructed standard deviations of the female composite score distri-
butions, shown in Table 12, are again larger than those of the males in both the
baseline and left-intention efforts.  Although the F-ratio of 0.873 (df= 331,
1008) comparing the male and female baseline variances is within chance ex-
pectations (p = .136, two-tailed), in the left intention, F = 0.729, with a proba-
bility of 6 ´  10 ± 4.  In the RT efforts, the male variance is signif icantly larger
than the female (F = 1.245, p = .012).

In summary, although the proportional comparisons indicate no significant
group differences in this experiment, other than in the variances, the results do
suggest some gender-related trends worth noting for their resemblances to, and
compounding with, those observed in other experiments.  In particular, al-
though a majority of operators in both groups succeed in producing RT- LT
separations in the desired directions, comparisons between the composite re-
sults of the males’  intentional ef forts with those of their baselines, shown in
Table 12 and Figure 8, indicate a relatively symmetrical pattern of results,
while the females again show an apparent preference for shifting the distribu-
tion means, especially those of the baselines, toward higher values, thereby
producing strongly asymmetrical patterns among their three intentions.  Final-
ly, the significant differences in the distribution variances produced by the two
groups add further gender-related distinctions in performance.

7. Remote RMC Experiments

A much smaller remote RMC database of 56 series was generated by 11 fe-
male and 3 male operators, comprising a total of 337 sets of runs, 285 of which
were generated by the females and 52 by the males.  The composite results of
these experiments are summarized in Table 14 and the relative contributions
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Fig. 8. Gender Comparisons in Local RMC Results.
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by gender in Table 15.  Again, the small number of participating male
operators precludes calculating z-scores for their p<.05 proportions or graphi -
cal representation.

Despite the small numbers of participating operators in this remote data-
base, like the other small databases they are reported for completeness and for
inclusion in the overall concatenations to follow.  Once again it may be noted
that the males produce larger average deviations than the females in all three
comparisons, and the females produce larger databases and larger run standard
deviations in the two intentional conditions.  While the F-ratio of 0.798 com-
paring the RT efforts of the two groups is non-signi ficant, in the LT compar-
isons F = 0.617 (df= 51,284), p = 0.038.

8. Pendulum Damping Experiments

Another large database that displays particularly striking gender-related dif-
ferences has been obtained on a linear pendulum apparatus, constructed for the
purpose of determining whether operator intention is capable of influencing its
damping rate [9].  The pendulum bob is a 2-inch crystal sphere suspended on a

TABLE 14
Composite Results of All Remote RMC Experiments

All Operators 3 Male Oprs . 11 Female Oprs.

No. Run Sets 337     52     285     
No. Series 56     6     50     

Right mean 10.0046      10.0159     10.0025      
SD run scores 0.0356     0.0352     0.0394     
Composite Dev. ( d c) 0.46     1.59     0.25     
Average Dev. ( d a) 0.04     1.55     ± 0.24     

Left mean 10.0028      10.0103     10.0014      
SD run scores 0.0276     0.0256     0.0326     
Composite Dev. ( d c) 0.28     1.03     0.14     
Average Dev. ( d a) 0.38     1.19     0.11     

Baseline mean 10.0022      10.0082     10.0011      
SD run scores 0.0394     0.0370     0.0362     
Composite Dev. ( d c) 0.22     0.82     0.11     
Average Dev. ( d a) 0.27     0.99     0.14     

RT - LT d RL 0.19     0.55     0.12     
S.D. Diff s . .0450     0.0435     0.0511     
z-score 0.702     0.814     0.416     
Probability 0.241     0.208     0.339     

RT - BL d RB 0.25     0.76     0.15     
S.D. Diff s . 0.0531     0.0511     0.0535     
z-score 0.932     1.122     0.534     
Probability 0.176     0.131     0.297     

LT - BL d L B 0.07     0.21     0.03     
S.D. Diff s . 0.0481     0.0450     0.0487     
z-score (0.246 )    (0.312 )    (0.134 )    
Probability (0.403 )    (0.378 )    (0.446 )    



fused silica rod from precision pivots, all enclosed within a clear acrylic box.
A high-speed binary counter registers interruptions of photo-diode beams to
measure velocities at the nadir of the pendulum arc with microsecond accura-
cy.  The tri-polar protocol requires the operator to alternate attempts to keep
swings high, i .e . to decrease the damping rate, with attempts to reduce the
swing amplitude, i .e . to increase the damping rate, relative to undisturbed
baseline runs.  Data are accumulated in three-minute runs of 100 full swings,
and on-line comparisons of the progress of high or low runs with initial base-
line runs are processed to provide real-time feedback to the operator in the
form of a change in color of the crystal bob.  Since the pendulum’s perfor-
mance is highly dependent on local atmospheric condition s, real-time readings
of temperature, barometric pressure, and humidity are recorded on-line and
data analyses incorporate appropriate adjustments.

Forty operators, 20 males and 20 females, contributed 306 and 609 sets of
runs, respectively,  for a total database of 915 sets in the local version of this ex-
periment, consisting of 235 complete and five partial series.  As originally de-
f ined, an experimental series required nine tri-polar sets of 5-minute runs, typ-
ically generated in three sessions of three sets each, with a session lasting
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TABLE 15
Individual Operator Results of All Remote RMC Experiments, by Gender

3 Male Operators

RT - LT RT - BL LT - BL

Avg # Run Sets 17.33 17.33 17.33
Avg Difference ( d ) 0.37 0.57 (0.2 0)
Avg z-Score 0.39 0.57 (0.1 8)
# Oprs p<0.50 2 2 0 
Proportion 0.67 0.67 0.00
Prop. z-Score ³ ³ ³

# Oprs p<0.05 0 (0 ) 0 (0 ) 0 (0)
Proportion 0.00 (0.00 ) 0.00 (0.00 ) 0.00 (0.00 )
Prop. z-Score ³ ³ ³

11 Female Opera tors

RT - LT RT - BL    LT - BL   

Avg # Run Sets 25.91 25.91 25.91
Avg Difference ( d ) ( ± 0.35) ( ± 0 .38) ± 0.03
Avg z-Score ( ± 0.05) ( ± 0 .03) ± 0.02
# Oprs p<0.50 5 6 6 
Proportion 0.45 0.55 0.55
Prop. z-Score ( ± 0 .33 ) 0.33 0.33 

# Oprs p<0.05 0 (0 ) 0 (1 ) 0 (0)
Proportion 0.00 (0.00 ) 0.00 (0.09 ) 0.00 (0.00 )
Prop. z-Score ± 0.95 ( ± 0.95 ) ± 0.95 (0.56 ) ± 0.95 ( ± 0.95 )

³  insuff icient data
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about 45 minutes.  A later modification to the protocol reduced series size to
five sets of runs that could be generated in a single session of about 1.25 hours .
The five-set series comprise approximately 75% of the database.  (The five
partial series each consisted of a minimum of five completed sets produced in a
nine-set series . )

As in the RMC experiment, the planned analysis compares damping rates of
the high and low ef forts using paired t-tests based on the variance of the differ-
ences within sets.  For consistency of representation, the resultant t-scores
have been converted to z-scores, using an inverse normal distribution to calcu-
late the equivalent z’ s corresponding to the t-score probabilitie s .

The composite results of the local pendulum experiments are presented in
Table 16 and the individual operator contributions are summarized in Table 17
and displayed in Figure 9.  It should be emphasized that the distribution means
in these experiments indicate the average damping rates in terms of the loss in
nadir velocity over the course of the runs.  That is , since a ª highº  intention
constitutes an attempt to decrease the damping rate and a ª lowº  to increase it,
success in the high direction produces a larger negative number, and vice
versa.  For convenience of representation and consistency with the other ex-
periments presented in this report, after their initial presentation  as negative
numbers in the composite means of Table 19, the minus signs are subsequent-
ly omitted in the tables and a sign convention employed wherein a deviation in
the direction of effort in the HI - LO and HI - BL is indicated by a positive num-
ber and z-score, and a deviation in the direction of ef fort in the LO - BL by a
negative number and z-score.  The composite normalized deviations are pre-
sented as the actual means minus the nearest arbitrary round value of 40000,
multiplied by 10 ± 3, and the run standard deviations are also multiplied by 10 ± 3.
The average normalized deviation again refers to the unweighted average
value achieved by the operator group and the standard deviations of the run
scores are reconstructed from the uncontaminated differential variances, as de-
scribed in Note 3.

Once again, the females generate much larger databases while the males
produce results that better correlate with intention.  In this experiment, howev-
er, both groups produce lower values in the baselines than in their high or low
efforts (recall that the signs are reversed), resulting in strong asymmetries in
the performances of both groups, albeit in opposite directions.  As in the local
RMC experiment, the female composite and average d ’ s in all three individual
intentions are lower than the male, with the lowest in their baselines.   They
also produce substantially larger standard deviations. In the individual opera-
tor databases, the average female differences are negative in all three compar-
isons, while the average male results are all positive .

A majority of the males (60%) produce HI - LO results in the desired direc-
tion, compared to only 30% of the females, yielding a significant zdiff , and
these disparities are again more pronounced in the HI - BL comparisons.  In the
LO - BL, only 50% of the males and 40% of the females succeed in the intend-



ed direction, not surprising given the low baseline  values produced by both
groups.

By the p<.05 criterion, fully 25% of the males produce significant  separa-
tions in the HI - LO separations while none of the females exceed the chance
value, resulting in a strongly significant difference between the two groups
(p = .001).  Again, this ef fect is driven by the d H- B, where fully 35% of the
males and none of the females exceed the chance criterion (p = 5 ´ 10 - 5).  The
tendency of both groups to generate low-going baselines  in this experiment in-
dicates a curious reversal from the trends observed in the other experiments,
tempting speculation that this might be associated with the ambiguity of the
experimental task, with its ª highº  instruction to decrease the damping rate and
its ª lowº  to increase it.

The differential run score standard deviations, shown in Table 16, exhibit
extreme discrepancies in this experiment.  The s M = 0.088 and s F = 0.106 yield
F = 0.689 (df = 305,60 8), p = 10 ± 4, in the primary HI - LO comparison.  This
contrast is driven both by the HI - BL differences where s M = 0.086 and 
s F = 0.113 (F = 0.579, p = 6 ´ 10 ± 8), and by the LO - BL where s M = .096 and 
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TABLE 16
Composite Results of All Local Pendulum Experiments

All Operators 20 Male Oprs . 20 Female Oprs.

No. Run Sets 915 306 609
No. Series 183 61 121

HI Mean ± 42236.5 2 ± 42164.8 7 ± 42272.5 2
Composite d c 2.237 2.165 2.273
Run Score s .0699 .0544 .0757
Average d a 2.140 2.046 2.233

LO Mean ± 42237.8 2 ± 42175.4 0 ± 42269.1 8
Composite d c 2.238 2.175 2.269
Run Score s 0.0729 0.0692 0.0742
Average d a 2.140 2.058 2.221

BL Mean ± 42241.0 1 ± 42176.5 3 ± 42273.4 1
Composite d c 2.241 2.177 2.273
Run Score s 0.0783 0.0666 0.0839
Average d a 2.142 2.063 2.220

Comp. HI - LO ( d HL) 0.001 0.010 ± 0.004
SD Diff s . 0.101 0.088 0.106
z-score 0.388 2.118* ( ± 0 .799)  
Prob. 0.349 0.017* (0.21 2)

Comp. HI - BL ( d HB) 0.004 0.012 0.000 
SD Diff s . 0.105 0.086 0.113
z-score 1.291 2.341* 0.208
Prob. 0.098 0.010* 0.418

Comp. LO - BL ( d L B)  0.003 0.002 0.004
SD Diff s . 0.107 0.096 0.112
z-score (0.902 ) (0 .142) (0.96 7)
Prob. (0.184 ) (0 .444) (0.16 7)

* Ð  see Table Notes on p. 6.
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s F = 0.112 (F = 0.735, p = 0.001).  When these differential standard deviations
are converted to s ’ s for the individual intentions, following the procedure de-
scribed earlier, the gender contrast is even more dramatic, with F = 0.516 (p =
2 ́  10 ± 10, two-tailed) in the high ef forts and F = 0.630 (p = 6 ́  10 ± 6)  in the base-
lines.  The male/female difference in the low-intention s ’ s yields a non-signif-
icant F of 0.870.  In all cases, the female s ’ s are larger than those of the males
and their baseline  standard deviations are larger than those of their intentional
efforts, consistent with the more modest trends observed in the REG and RMC
experiments.  Given the huge differences in this experiment, the individual op-
erator standard deviations were examined to determine whether these discrep-
ancies might be driven by one or two outliers in the distributions.  In the prin-
cipal HI - LO comparisons, the male s ’ s range from a low of 0.185 to a high of
1.476, with an average of 0.757, and the female s ’ s range from 0.407 to 1.689,
with an average of 0.918.  Four of the twenty males produce s ’ s in the HI - LO
differences that exceed 1.000, while nine of the twenty female s ’ s exceed
1.000, thus indicating a clear tendency across the full operator pool toward

TABLE 17
Individual Operator Results of All Local Pendulum Experiments, by Gender

20 Male Operators

HI - LO HI - BL LO - BL

Avg # Run Sets 15.30 15.30 15.30
Avg Difference ( d ) 0.011 0.017 (0.00 6)
Avg z-Score 0.42 0.64 (0.2 7)
# Oprs p<0.50 12 13  10 
Proportion 0.60 0.65 0.50
Prop. z-Score 0.89 1.39 0.00

# Oprs p<0.05 5 (2 ) 7 (0 ) 2 (2)
Proportion 0.25 (0.10 ) 0.35 (0.00 ) 0.10 (0.10 )
Prop. z-Score 3.00* (0.91 ) 4.17* ( ± 1.34 ) 0.91 (0.91 )

20 Female Operators

HI - LO    HI - BL   LO - BL   

Avg # Run Sets 30.45 30.45 30.45
Avg Difference ( d ) ( ± .013) ( ± .013) ± .001 
Avg z-Score ( ± 0 .46 ) ( ± 0.24)  (0.1 5)
# Oprs p<0.50 6 7  8 
Proportion 0.30 0.35 0.40
Prop. z-Score ( ± 1.7 9) ² ( ± 1.34)   ( ± 0 .89)   

# Oprs p<0.05 0 (2 ) 0 (0 ) 0 (3)
Proportion 0.00 (0.10 ) 0.00 (0.00 ) 0.00 (0.15 )
Prop. z-Score ± 1.34 (0.91 ) ± 1.34 ( ± 1.34 ) ± 1.34 (1.68 )*

Male/Female Diff s .
zdi ff p<0.50 1.90* 1.90* 0.63
zdi ff p<0.05 3.07* (0.00 ) 3.90* (0.00 ) 1.59 ( ± 0.54 )

* and ²  Ð  see Table Notes on p. 6.
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Fig. 9. Gender Comparisons in Local Pendulum Results.
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1.000, thus indicating a clear tendency across the full operator pool toward
larger variances in the female data.

9. Remote Pendulum Damping Experiments

Twelve operators, six males and six females, produced a smaller remote
pendulum database of 126 series, or 630 sets, all following the five-set series
format.  Of these, 295 sets, or nearly half the total database, were generated by
a single male operator.  These results are summarized in Tables 18 and 19 and
illustrated in Figure 10 .

With only six operators in each group, interpretation of these results must be
limited to the simple observations that the males have once again produced
larger average deviation s conforming to intention in the various comparisons,
while the female composite databases display lower means and 
larger standard deviations.As in the local experiments, the reconstructed stan-
dard deviations produce significant F-ratios comparing male and female 
performance in all 3 intentions (pH = .02; pL  = 1 ´ 10 ± 4;  pB = .02), and the female
composite baseline again has the largest individual s .

TABLE 18
Composite Results of All Remote Pendulum Experiments

All Operators 6 Male Oprs . 6 Female Oprs .

No. Run Sets 630 469 161
No. Series 126 93 32

HI Mean ± 41682.0 6     ± 41650.6 7     ± 41773.5 2      
Composite d c 1.682 1.651 1.774
Run Score s 0.0666 0.0646 0.0735
Average d a 1.663 1.615 1.801

LO Mean ± 41684.5 2 ± 41650.7 9     ± 41782.78      
Composite d c 1.685 1.651 1.783
Run Score s 0.0634 0.0598 0.0750
Average d a 1.670 1.625 1.802

BL Mean ± 41685.7 0     ± 41653.5 8     ± 41779.2 7       
Composite d c 1.686 1.654 1.779
Run Score s 0.0824 0.0789 0.0898
Average d a 1.668 1.622 1.801

Comp. HI - LO ( d HL) 0.003 0.000 0.009
SD Diff s . 0.092 0.088 0.105
z-score 0.667 0.030 1.116 
Prob. 0.252 0.488 0.132

Comp. HI - BL ( d HL) 0.004 0.003 0.006
SD Diff s . 0.106 0.102 0.116
z-score 0.860 0.616 0.625
Prob. 0.195 0.269 0.266

Comp. LO - BL ( d L B) 0.001 0.003 ± 0.004
SD Diff s . 0.104 0.099 0.117
z-score (0.2 86)  (0.612 ) ± 0.380
Prob. (0.387 ) (0 .270) 0.352



Combined Database

A. Proportional Comparisons

With the gender comparisons of all nine of these human/machine experi-
ments calculated on commensurate differential measures, it becomes possible
to combine their results to establish a more robust statistical assessment of the
validity of some of the trends observed in the individual experiments.  Of the
various indicators that might be addressed in this combined database, compris-
ing a total of 130 male and 140 female contributions, the most straightforward
is a simple comparison of the overall proportions of operators in each group
who achieve results consistent with their intentions.  These are summarized in
Table 20 and displayed in Figure 11.

These proportional comparisons confirm that across the full range of exper-
iments there is a highly significant difference between the average male and
female achievements, with the male operators outperforming the females in
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TABLE 19
Individual Operator Results of All Remote Pendulum Experiments, by Gender

6 Male Operators

HI - LO    HI - BL   LO - BL   

Avg # Run Sets 78.17 78.17 78.17
Avg Difference ( d ) 0.010 0.007 ± 0.003 
Avg z-Score 0.29 0.43 (0.1 8)
# Oprs p<0.50 5  3 3 
Proportion 0.83 0.50 0.50
Prop. z-Score 1.63 0.00 0.00

# Oprs p<0.05 0  (0) 1  (0) 0  (0)
Proportion 0.00 (0 .00) 0.17 (0.00 ) 0.00 (0 .00)
Prop. z-Score ± 0.64 ( ± 0.64 ) 1.03 ( ± 0.64 ) ± 0.64 ( ± 0.64 )

6 Female Operators

HI - LO    HI - BL LO - BL

Avg # Run Sets 26.83 26.83 26.83
Avg Difference ( d ) 0.001 0.000 ± 0.000 
Avg z-Score 0.13 0.10 ± 0.12
# Oprs p<0.50 3 3  3 
Proportion 0.50 0.50 0.50
Prop. z-Score 0.00 0.00  0.00  

# Oprs p<0.05 1 (0 ) 0 (0) 0 (0 )
Proportion 0.17 (0.00 ) 0.00 (0.00) 0.00 (0.00 )
Prop. z-Score 1.03 ( ± 0.64 ) ± 0.64 ( ± 0.64 ) ± 0.64 ( ± 0.64 )

Male/Female Diffs.
zdi ff p<0.50 1.14 0.00 0.00
zdi ff p<0.05 ± 1.18 (0.00 ) 1.18 (0.00 ) 0.00 (0 .00)
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( 10a)

(10b )

Fig. 10. Gender Comparisons in Remote Pendulum Results.
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TABLE 20
Combined Results of All PEAR Experiments, by Gender

130 Male Operators

HI - LO    HI - BL   LO - BL   

# Oprs p<0.50 82 74 69  
Proportion .63 .57 .53
Prop. z-Score 2.98* 1.58 0.70

# Oprs p<0.05 10  (3 ) 11  (1) 13 (4)
Proportion 0.08 (0.02 ) 0.08 (0.01 ) 0.10  (0.03 )
Prop. z-Score 1.41 ( ± 1.41 )  1.81* ( ± 2.21 ) ² 2.62* ( ± 1.01 )

140 Female Operators

HI - LO HI - BL   LO - BL   

# Oprs p<0.50 64 61 79 
Proportion 0.46 0.44 0.56
Prop. z-Score ( ± 1 .01 ) ( ± 1.52)  1.52 

# Oprs p<0.05 9 (5 ) 10  (8) 8  (5)
Proportion 0.06 (0.04 ) 0.07 (0.06 ) 0.06 (0.04 )
Prop. z-score 0.78 ( ± 0.78 ) 1.16 (0.39 ) 0.39 ( ± 0.78 )

Male/Female Diff s .
zdiff p<0.50 2.79* 2.13* ± 0.49 
Probability 0.003* 0.016* 0.311
zdiff p<0.05 0.33 ( ± 0.33 ) 0.16 ( ± 0.82 ) 0.66 ( ± 0.16 )
Probability 0.37 (0.37 ) 0.44 (0.21 ) 0.25 (0.44 )

* and ²  Ð  see Table Notes on p. 6.

Fig. 11. Gender Comparisons for Combined Experimental Results.
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the primary HI - LO comparison (zdiff = 2.79, p<.003).  This effect is driven
mainly by the substantial dissimilarities in the HI - BL proportions (zdiff =
2.13), with little difference in the LO - BL.

It is also apparent that this overall effect is the result of small but consistent
effects generated by a majority of the operators, rather than by a few highly
sign ificant individual contributions.  Of the total of 270 individual databases ,
only 19 (7%) exceed the p<.05 criterion in the HI - LO separations, ten males
(8%) and nine females (6%), both little more than might be expected by
chance.  This figure is only slightly larger in the HI - BL and LO - BL compar-
isons, with a total of 21 significant achievements (8%) in each condition.  Al-
though 8% of the males exceed the p<.05 criterion in the HI - BL (zM = 1.81)
and 10% in the LO - BL (zM = 2.62), none of the male/female differences are
statistically significant.  It is notable, however, that in all three comparisons
the males show a def icit of results in the negative tails of the distributions,
while the females produce a comparable number of extreme results in both
tails, indicative of an overall shift in the intended directions in the male distri-
butions in contrast to slightly larger scatters in the female distributions.  Thus,
despite the larger size and number of female contribut ions, and the fact that
some of the strongest individual databases were generated by female opera-
tors, on average the females prove to be significantly less successful then the
males in shifting the distribution means in accordance with their intentions.

B. Asymmetries

One of the more persistent gender-related patterns to emerge from the indi-
vidual experiments is the apparent asymmetry of the intentional results rela-
tive to the baselines, particularly in the female performances.  For example, of
the three normalized average values for the high, low, and baseline intentions
(or right, left, and baseline  in the RMC experiments), indicated in the tables as
d a, the females have their largest value in their baselines in six of the nine ex-
periments, while the males produce their largest values in the high intentions
in seven of the nine experiments.  (Recall that these values are negative num-
bers in the pendulum experiments.)  While these have no influence on the pri-
mary HI - LO comparisons, they do affect the comparative differences of the
HI - BL and LO - BL calculations and contribute to the overall asymmetry of the
composite databases.  To assess this trend more quantitativ ely, an asymmetry
parameter, A, defined as the proportion of operators in each group whose LO
results are lower than their BL subtracted from the proportion whose HI re-
sults exceed their BL, has been calculated for both groups, and the male and
female values of A compared.4 The 130 male contributions, combined across

4Although the null hypothesis distribution of this A parameter is not intuitively obvious, it can be calcu-

lated and shown to be a function of N that rapidly approaches a normal distribution as N increases.  With

mean(A) = skew(A) = 0, standard deviation , and kurtosis (A) = 1.5/N, it follows that even moderate N’ s

allow the direct calculation of a z-score by dividing A by the appropriate s ( A) .



all nine databases, yield AM = 0.04 (zM = 0.56) and the 140 female contribu-
tions AF = ± .12 (zF = ± 1.84), resulting in a suggestive but non-significant dif-
ference between the two groups (zM- F = 1.62, p = 0.106, two-tailed) .  However,
if the null ATPseudo data are omitted, so that only those experiments display -
ing an overall anomalous effect are included in the calculation, the 110 male
contributions then yield an AM = 0.07 (zM = 0.93), and the 120 female contribu-
tions an AF = ± 0.14 (zF = ± 1.89) , with a marginally significant difference be-
tween the two groups (zM- F = 2.01, p = 0.044).  Thus, there is evidence for the
existence of a stronger asymmetry in the female data that is statistically dis-
tinct from the male performance across the seven successful experiments.
Since nearly 70% of the data presented in this survey were generated by female
operators, this may well account , at least in part, for the persistent asymmetries
observed across the various total experimental databases.

C. Residuals Analyses

The substantial variations in size of the individual and average databases in
each group could conceivably distort these apparent gender-related differ-
ences.  To address this possibili ty, residuals analyses were performed on each
experimental database, under the null hypothesis that all operators produce
the same statistical ef fect.  Specifically,  for every individual operator database
the residuals from this common-effect hypothesis were calculated and sorted
by gender. 5 Table 21 lists the resultant zM- F and F-ratios, together with their
associated probabilitie s,  for each of the residuals comparisons of all nine ex-
periments.  (Probabilities are here calculated on a one-tailed basis since we are
seeking confirmation of the hypothesis that the males produce larger residuals
than the females.)  These probabilities are then compounded using a standard
meta-analytic formula, ( c 2 = ± 2 S log p i) [11], and evaluated via a c 2 test with
18 d.f.  These results are displayed in the bottom portion the table, along with
those calculated for only the seven successful experiments (14 d.f.), for pur-
poses of comparison.

With all experiments included, the combined results of these analyses  indi-
cate only a marginal ly significant difference between the two groups 
(p = 0.047) , with the effect driven mainly by the strong HI - BL differences .
The differences in the variances of the residuals distributions are indistinguish -
able from chance.  If the null ATPseudo data are excluded, however, the gen-
der differences in the remaining seven successful experiments are 
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5For each operator, the estimated ef fect size, ; the standard error of the estimate, ; and the operator
residual, , , where m is the mean effect size for all operators , are calculated.  If there is no difference in
performance between the two groups, the Ri’ s should be z-distributed.  To determine whether there is a
difference between the two groups, we invoke to compare the average male residual (, where indicates
the number of male operators and the sum is taken only over male contributions), with the average fe-
male residual .
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considerably more pronounced (p = 0.014) , with all of the male residuals larg-
er than the corresponding female values in the primary HI - LO comparisons.

This meta-analytic strategy weights all the experiments equally, regardless
of the number of participating operators.  In an alternative approach, all the in-
dividual operator residuals may be pooled into a single distribution, thus
weighting the experimental results by the number of contributing operators .
This method was employed to construct the distributions displayed in Figure
12, where the curves are the Gaussian density functions having the same
means and standard deviations as the respective male and female operator
residuals.  (Recall that the residuals are constructed to be normally distrib-
uted.)  The 0 of the x-axis corresponds to the collective mean performance
level, m, (see Note 5). Due to the individual normalization  of each operator’ s

TABLE 21
Male/Female Residuals Differences Across Nine Experiments

EXPERIMENT   HI - LO  HI - BL  LO - BL  

REG (local)
zM- F (pz) 1.550  (0.061 ) 0.888 (0.187 ) ± 0.670  (0.749 )
F-ratio (pF) 0.539  (0.020 ) 0.813 (0.243 ) 1.488  (0.901 )

REG (remote)
zM- F (pz) 0.211  (0.416 ) 0.515  (0.303 ) 0.303  (0.381 )
F-ratio (pF) 0.783  (0.347 ) 0.648  (0.238 ) 0.815  (0.027) *

Pseudo (local)
zM- F (pz) 0.539  (0.295 ) 1.786  (0.037 )* 1.247  (0.106 )
F-ratio (pF) 1.251  (0.649 ) 5.473  (0.956 )* 2.952  (0.872 )

ATPseudo (local)
zM- F (pz) ± 0.691  (0.755 ) ± 1.024  (0.847) ± 0.331  (0.630 )
F-ratio (pF) 0.763  (0.301 ) 0.586  (0.158 ) 0.753  (0.293 )

ATPseudo (remote)
zM- F (pz) ± 0.825  (0.795 ) ± 0.538  (0.705) 0.365  (0.357 )
F-ratio (pF)  0.064  (0.061 ) 0.165  (0.148 ) 0.168  (0.151 )

RMC (local)
zM- F (pz) 0.066  (0.474 ) 1.200  (0.115 ) 1.126  (0.130 )
F-ratio (pF) 0.736  (0.276 ) 0.669  (0.217 ) 0.987  (0.498 )

RMC (remote)
zM- F (pz) 0.734  (0.232 ) 0.932  (0.176 ) 0.247  (0.402 )
F-ratio (pF) 0.928  (0.573 ) 1.377  (0.704 ) 0.010  (0.010 )*

Pendulum (local)
zM- F (pz) 2.832  (0.002) * 3.037  (0.001 )* 0.550  (0.291 )
F-ratio (pF) 4.032  (0.998) * 1.589  (0.839 ) 1.315  (0.722 )

Pendulum (remote)
zM- F (pz) 0.196  (0.422 ) 0.404  (0.343 ) 0.454  (0.325 )
F-ratio (pF) 0.601  (0.295 ) 3.672  (0.910 ) 0.685  (0.344 )

All Nine Experiments
c 2 zM- F (p) , 18 df 29.115   (0.047) * 36.757   (0.006 )* 20.596   (0.300 )
c 2 FM- F(p), 18 df 24.935   (0.127 ) 17.601   (0.482) 27.357   (0.073 )

Excluding ATPseudo
c 2 zM- F (p) , 14 df 28.096   ( .014 )* 35.725   (0.008 )* 17.134   (0.225 )
c 2 FM- F(p), 14 df 16.957   (.258) 10.090  (0.756 ) 21.118   (0.099 )

* Ð  see Table Notes on p. 6.



residual by that operator’ s standard error, the two distributions are not con-
strained to have their joint mean at 0, as would be the case for non-normalized
residuals.  Beyond providing a helpful graphic representation of the gender
dissimilarities, the tabular results of the pooled residuals, noted in Table 22,
confirm those of the proportional and meta-analytic computations in indicat -
ing significant differences in the primary HI - LO comparisons that are mainly
attributable to the HI - BL performances.  However, the LO - BL comparisons,
which show no significant group differences in the proportional or meta-ana-
lytic calculations, also produce a marginal ly significant zdiff by this method,
which may suggest dissimilarities at the individual operator level that cancel
each other at the experimental level.
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Fig. 12.  Gender Comparisons of Pooled Residuals: All Experiments.
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D. Remote vs. Local Comparisons

The residuals of the individual experiments listed in Table 21 also display
apparent disparities between the yields of the local and remote experiments.
To explore this more directly, the residuals of these two groups of experiments
were calculated  separately.  Table 23 summarizes these results, derived by the
meta-analytic method used to produce the values in Tables 21 and 22, both
with and without the ATPseudo data.

The pooled residuals method produces comparable results for the five local
and four remote experiments, as shown in Table 24, and were used to construct
the distributions illustrated in Figures 13 and 14.

The results derived from both of these methods confirm the existence of sig-
nificant  gender differences in the local data, driven primarily by the differ-
ences in the HI - BL performances of the two groups, but show little evidence
for consistent gender-related differences in the remote experiments.  (Al-
though the pooled residuals method fails to confirm the significance of the
male/female disparities in the remote LO - BL variances indicated by the meta-
analytic approach, these remain clearly evident in the graphs of Figure 14.)
While it is possible that the small numbers of participating operators in the re-
mote experiments may obscure some subtle gender differences (suggested by
the consistency of larger male mean values in all the remote comparisons ex-
cept the ATPseudo experiment), the lack of any statistical distinctions be-
tween the two groups in these remote databases is striking, given the highly
significant differences in the local ef forts, and may have important implica-
tions for comprehending the nature of the dissimilarities in gender perfor-
mance.

TABLE 22
Pooled Operator Residuals

All Nine Experiments

HI - LO HI - BL LO - BL

zM- F (prob.) 1.912  (.028)* 2.395  ( .008 )* 1.743  ( .041 )*
FM- F (prob.) 0.915  (.305)  0.966  ( .421 ) 1.001  ( .504 ) 
(df= 129,13 9)

Excluding ATPseudo Experiments

HI - LO HI - BL LO - BL

zM- F (prob.) 2.495  (.006)* 3.070  ( .001 )* 1.918  ( .028 )*
FM- F (prob.) 0.954  (.402)  1.065  ( .632 ) 1.041  ( .586 ) 
(df= 109,11 9)

* Ð  see Table Notes on p. 6.
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E. Standard Deviations

Finally, it is worth examining more closely the females’ apparent tendency
to produce larger standard deviations in a number of the experiments, both
local and remote.  While comparison of the trial standard deviations of the

TABLE 24
Pooled Operator Residuals

Five Local Experiments

HI - LO HI - BL LO - BL

zM- F (prob.) 2.014 (0.022 )* 2.284 (0.011)* 0.416 (0.339)  
FM- F (prob.) 0.923 (0.342 ) 1.002 (0.503) 1.242 (0.862)  
(df= 105,100)

Four Remote Experiments

HI - LO HI - BL LO - BL

zM- F (prob.) 0.309 (.379)  0.818 (.207) 0.661 ( .255 ) 
FM- F (prob.) 0.718 (.202)  0.810 (.300) 0.710 ( .194) 
(df= 22,38)

* Ð  see Table Notes on p. 6.

TABLE 23
Comparison of Residuals of Remote vs. Local Experiments

HI - LO HI - BL LO - BL

All Local Experiments
c 2

z (d f) 22.254  (10 ) 28.052 (10 ) 12.539  (10 )
p z 0.014* 0.002* 0.251
c 2

F(df) 13.687  (10 ) 10.020 (10 ) 4.987 (10 )
pF 0.188 0.439 0.892

All Remote Experiments
c 2

z (d f) 6.860 (8) 8.705 (8) 8.057  (8)
p z 0.552 0.368 0.428
c 2

F (df ) 11.255  (8) 7 .581 (8) 22.371  (8)
pF 0.188 0.475 0.004*

Local (ex. ATPseudo)
c 2

z (d f) 21.694  (8) 27.720  (8) 11.614  (8)
p z 0.006* 5 ́  10 - 4* 0.169
c 2

F (df ) 11.286  (8) 6.327 (8) 2.530 (8)
pF 0.186 0.611 0.960 ²

Remote (ex. ATPseudo)
c 2

z (d f) 6.402 (6) 8.005 (6) 5.999 (6)
p z 0.380 0.238 0.423
c 2

F (df ) 5.671 (6) 3.763 (6) 18.589  (6)
pF 0.461 0.709 0.005*

* and ²  Ð  see Table Notes on p. 6.
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REG-type experiments is quite straightforward, it should be recalled that the
individual run standard deviations in the RMC and Pendulum experiments are
confounded by spurious contributions from drifts of the means.  This can be
corrected by reconstructing the uncontaminated s ’ s of the single intentions
from the standard deviations of the differential run comparisons provided in
the various summary tables, following the procedure described in Note 3.
Table 25 lists the F-ratios and associated one-tailed probabilitie s for the male
vs female trial/run score variances of each intention for all nine experiments.
These probabilities are compounded using the standard meta-analytic formula,
with the c 2 results displayed on the last line of the table.

These calculations leave little doubt about a significant gender-related dif-

Fig. 13.  Gender Comparisons of Pooled Residuals: Local Experiments.



ference in the variances of these experimental data, even with the inclusion of
the null ATPseudo experiments.  (If these are omitted, the probabilities de-
crease by an order of magnitude in all three intentions.)  Although the results
of the high and baseline intentions are strongly influenced by the extreme fe-
male values in the Pendulum experiment and revert to chance when these are
omitted, the differences in the low efforts remain highly significant (p = .006).
Thus, it appears that although on average the females display relatively little
success in shifting the means in the desired direction in their low efforts, they
succeed in producing larger variances than the males in the output distribu-
tions in five of the seven successful experiments, cumulating to a statistically
significant overall difference.  This trend also manifests in the putatively null
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Fig. 14.  Gender Comparisons of Pooled Residuals: Remote Experiments.
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baseline ef forts in six of the seven successful experiments.  Given that their
baselines means are also higher than those of the males in six of the seven suc-
cessful experiments, these gender differences appear to reflect a fundamental-
ly different mode of interaction with the various devices that may not be limit-
ed to the expression of simple conscious intention.

Summary and Discussion

Beyond providing statistical evidence for gender-related differences in per-
formance in this genre of human/machine anomalies experiments, these analy-
ses offer a number of specific indicators that may eventually  be helpful in
comprehending the basic source of the phenomena:

1. The female operators tend to generate larger databases than the males .
Across the nine experiments, the 62 female databases constitute 69% of
the data, compared to 31% from 73 male databases.

TABLE 25
F-ratios of Male vs Female Trial/Run Score Variances

EXPERIMENT HI   LO   BL    

REG (local)
F-ratio (df~330000,50500 0) 0.9952 0.9975 0.9955
Probability 0.064   0.214   0.080   

REG (remote)
F-ratio (df= 163999, 293999 ) 1.0042 1.0011 0.9944
Probability 0.832   0.999   0.099   

PseudoREG (local)
F-ratio (df~12500,9 0000) 1.0163 1.0139 0.9991
Probability 0.886 0.848 0.475

ATPseudo (local)
F-ratio (df= 76999,3 18999 ) 1.0042 1.0043 1.0031
Probability 0.770 0.776 0.708

ATPseudo (remote)
F-ratio (df= 19999,6 5999) 0.9935 0.9921 0.9932
Probability 0.285 0 .244 0.276

RMC (local)
F-ratio (df= 331,100 8) 1.245 0.729 0.873
Probability 0.994 3 ́  10 ± 4* 0.069 

RMC (remote)
F-ratio (df= 51,284 ) 0.798 0.617 1.045
Probability 0.166 0.019* 0.601

Pendulum (local)
F-ratio (df= 305,60 8) 0.516 0.870 0.630
Probability 1 ´  10 ± 10* .084 3 ́  10 - 6*

Pendulum (remote)
F-ratio (df= 468,16 1) 0.773 0.636 0.772
Probability 0.020* 1 ́  10 ± 4 0.020*

c 2 (d .f .) 66.620  (18) 54.292  (18) 54.087  (18)
Probability 2 ´  10 ± 7* 2 ́  10 ± 5* 1 ́  10 ± 5*

* Ð  seeTable Notes on p. 6.



2. In contrast to the larger female composite deviations  of the means in
most of the databases, on an individual operator basis the males produce
larger average deviations and corresponding z-scores.

3. Overall, the male operators are much more successful than the females in
generating high-low separations consistent with their intentions.

4. The female databases display strong asymmetries in the two intentional
directions of effort relative to their empirical baselines, possibly due in
part to their tendency to displace the baselines from chance expectation.

5. Earlier evidence that the overall anomalous results are primarily attribut-
able to small, statistically consistent shifts of the output distribution
means produced by a majority of the operators, rather than to a few ex-
ceptional individual databases [1], is  strongly reaffirmed in the male
contributions, less so in the female.

6. The differences in male and female performance are much more distinct
in the local experiments than in the remote.

7. Females tend to display larger variances than the males in their trial or
run score distributions , an ef fect that manifests in their baselines as well
as in their intentional ef forts.

8. The overall null results of the ATPseudo databases apply equally to both
genders, indicating that the gender-related patterns observed in the suc-
cessful experiments are important components of the primary anom-
alies .

Collectively, these results indicate an underlying structure in the human/ma-
chine anomalies that is really related to some psychological, or possibly even
physiologica l, characteristics of the human operators.  Although the demon-
strated gender-related patterns are only statistical indicators of group perfor-
mance and hence limited in their capacity to predict individual achievement,
they nonetheless raise a number of important questions regarding operator
characteristics and experimental strategies that are well beyond the scope of
this paper.  These include the nature of the information processing dynamic
that functions in such human/machine interactions, the psychological implica-
tions of ª high,º  ª low,º  and ª baselineº  intentions, and what is implied by the
term ª intentionº  itself.  On this last point, another recent body of PEAR exper-
iments, termed ª FieldREG,º  has shown that anomalous human/machine ef -
fects can be produced in certain group environments in the absence of any
conscious intentions, or even of conscious awareness, on the part of an opera-
tor [13].  These results, taken in conjunction with the co-operator outcomes
that prompted the present study, suggest that ª intentionº  may be only one con-
tributing component of these phenomena, and that the ability of an individual
to establish a resonant bond with another, or with a machine, may be a factor of
comparable, or even greater, consequence.

These gender disparities may also hold important implications  for the con-
cept of a ª baseline,º  or control condition, in any scientific study.  The indica-
tions that many of the operators in these experiments, particularly the females ,
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are producing distortions in the baselines,  which are ostensibly non-intention -
al control conditions, raises questions about the generic reliability of such
ª controls.º   They also suggest that these anomalies may be associated with
some deeper level of consciousness, one more closely identified with the
brain ’s limbic functions than with its cognitive ones.  In this vein, one might
speculate that, at least for some people, the presence of a conscious intention
may actually serve to inhibit the process that drives the basic phenomenon if it
obstructs the subconscious resonance.

Finally, it is important to recognize that while this survey has focused on the
distinction of biological gender, the variability in individual operator perfor-
mances implies greater fundamental complexity of the phenomena.  Any at-
tempt to interpret these findings without taking into consideration  such diverse
variables as individual information-proce ssing strategies, sociological expec-
tations, technological sophistication, or personal belief systems, as well as a
myriad of potential cultural and environmental factors that might influence
performance in a task of this nature, will probably fall short of full understand-
ing .

To conclude on the point with which we began, the strategy of the PEAR
program to focus its ef forts on the establishment of large databases has made it
possible to detect a number of subtle structural sub-anomalies , such as these
gender-related disparities, within the primary anomalous data distributions.
Even so, the small signal-to-noise ratio of the primary ef fect makes it very dif-
f icult to address questions of structure or mechanism with the precision re-
quired to reach a fundamental understanding of the process.  To do so would
require a monumental ef fort to identify the most promising lines of inquiry, to
design and implement an array of systematic studies capable of elucidating
these elusive parameters, and to interpret their results incisively.  But at the
least, the results of this study offer some hope that such a program could be in-
tellectually profitab le.
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Abstract—This article has four purposes: 1) to present for the first time in
archival form all results of some 25 years of remote perception research at this
laboratory; 2) to describe all of the analytical scoring methods developed over
the course of this program to quantify the amount of anomalous information
acquired in the experiments; 3) to display a remarkable anti-correlation
between the objective specificity of those methods and the anomalous yield of
the experiments; and 4) to discuss the phenomenological and pragmatic
implications of this complementarity. The formal database comprises 653
experimental trials performed over several phases of investigation. The scoring
methods involve various arrays of descriptor queries that can be addressed to
both the physical targets and the percipients’ description thereof, the responses
to which provide the basis for numerical evaluation and statistical assessment of
the degree of anomalous information acquired. Twenty-four such recipes have
been employed, with queries posed in binary, ternary, quaternary, and ten-level
distributive formats. Thus treated, the database yields a composite z-score
against chance of 5.418 ( p 5 3 3 1028, one-tailed).

Numerous subsidiary analyses agree that these overall results are not
significantly affected by any of the secondary protocol parameters tested, or by
variations in descriptor effectiveness, possible participant response biases,
target distance from the percipient, or time interval between perception effort
and agent target visitation. However, over the course of the program there has
been a striking diminution of the anomalous yield that appears to be associated
with the participants’ growing attention to, and dependence upon, the
progressively more detailed descriptor formats and with the corresponding
reduction in the content of the accompanying free-response transcripts. The
possibility that increased emphasis on objective quantification of the
phenomenon somehow may have inhibited its inherently subjective expression
is explored in several contexts, ranging from contemporary signal processing
technologies to ancient divination traditions. An intrinsic complementarity is
suggested between the analytical and intuitive aspects of the remote perception
process that, like its more familiar counterpart in quantum science, brings with
it an inescapable uncertainty that limits the extent to which such anomalous
effects can be simultaneously produced and evaluated.

Keywords: remote perception—remote viewing—anomalous information
acquisition—consciousness-related anomalies—uncertainty—
complementarity—PEAR—engineering anomalies—analytical
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Man also possesses a power by which he may see his friends and the
circumstances by which they are surrounded, although such persons may be
a thousand miles away from him at that time.

Paracelsus

I. Introduction and Background

This concise statement of the remote perception hypothesis was proffered by the
renowned 16th-century physician and philosopher, Paracelsus, in a section of his
writings devoted to the role of ‘‘active imagination’’ in man’s representation of
his universe.(1) His observation was certainly not the first recorded allusion to
such anomalous human capabilities. This ‘‘power’’ has been acknowledged in
virtually every culture since the dawn of human civilization, and invoked under
a multitude of names including, among many others, divination, prophecy,
oracle, scrying, clairvoyance, and second sight.

In the more recent history of Western science, a considerable body of
literature describing scholarly investigations of ‘‘extrasensory perception’’
already had been amassed when, in the mid-1970s, Puthoff and Targ at Stanford
Research Institute introduced a new scientific protocol for empirical in-
vestigation of the phenomenon they termed ‘‘remote viewing.’’(2,3) Their
procedure required one individual, referred to as the ‘‘percipient,’’ to attempt to
describe the geographical ambience surrounding another person, the ‘‘agent,’’
whose location was inaccessible to the percipient by any known sensory means.
Their striking data included many perceptions that were virtually photographic
in accuracy, and produced an overall statistical yield well beyond chance
expectations. Over the subsequent quarter century, numerous replications of the
original SRI studies have been reported,(4–16) including a number of originally
classified government-sponsored investigations,(17–21) most of which display the
ambiguous mixtures of successes and failures that seem to characterize most
serious anomalies research. Notwithstanding, the majority of these studies
demonstrate a sufficient degree of anomalous information acquisition to justify
continued scholarly exploration of this mystifying process.

One of the largest extant databases, comprising 653 formal and 126 non-formal
experimental trials, was produced between 1976 and 1999 as one of the three
major components of the Princeton Engineering Anomalies Research (PEAR)
program. The other two segments, concerning anomalies in human/machine
interactions and theoretical modeling, have been reported extensively in this
journal and elsewhere. The purpose of this paper is to describe the procedures and
summarize the full results of our remote perception studies, and to explore their
implications for better comprehension of this currently inexplicable communi-
cation capability. To achieve this most concisely, we shall refer frequently to
a number of earlier publications and technical reports wherein all the datasets and
analytical methods are presented in greater detail.(22–26)

The first phase of this PEAR work evolved from a body of prior experiments
conducted between 1976 and 1979 by one of the authors (B.J.D.) at Mundelein
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College in Chicago and subsequently at the University of Chicago,(27,28) which
utilized human-judge ranking procedures similar to those of the earlier SRI
studies.(29) Despite the impressive yield of these experiments, concerns
regarding evident vagaries and possible subjective biases in the judges’
interpretations, or even anomalous inputs on their part, predicated a more
quantitative approach to data evaluation.(30) A primary focus of the subsequent
PEAR studies has been on the development of analytical judging procedures
capable of rendering the free-response raw data into forms amenable to more
rigorous quantification and analysis. Beyond the acquisition and analysis of
large composite databases, a number of secondary experimental variables, such
as the effect of multiple percipients, alternative target selection procedures, and
the dependence of the phenomenon on spatial and temporal separations, have
also been explored. Inspired by a section of Puthoff and Targ’s 1976 paper(3)

wherein they alluded to the ability of some of their percipients to describe target
scenes even before the target had been identified, much less visited, the majority
of the PEAR trials have been acquired in this precognitive mode. And since
many of the percipients maintain that their experiences are not, strictly speaking,
of a simple visual nature, the term ‘‘precognitive remote perception,’’ or PRP,
has been preferred.

II. Protocol

In its basic form, the PEAR protocol requires a percipient to describe an
unknown remote geographical target where an agent is, was, or will be situated
at a prescribed time. The target location is selected randomly before each trial
from a large pool of potential targets, prepared previously by an individual not
otherwise involved in the experiment. The contents of this pool are stored in
separate sealed envelopes, randomly numbered, and maintained so that no agent
or percipient has access to them. Prior to a given trial, the target is designated by
generation of a random number that identifies one of the envelopes, which then
is delivered, still sealed, to the agent, who opens it and follows instructions to
locate the target. This ‘‘instructed’’ mode of target selection is complemented by
a ‘‘volitional’’ protocol option, typically followed when the agent is traveling on
an itinerary unknown to the percipient, in a region for which no prepared pool
exists. In these trials, the agent simply selects the target from among the various
local sites accessible at the time specified for the trial.

In either version, the percipient is asked to spend 15 to 20 minutes attempting
to visualize or experience the target and to record these impressions in a free-
response, stream-of-consciousness form, either orally into a tape recorder or in
writing, optionally including drawings. Unlike some of the procedures followed
at SRI and elsewhere, where percipients are trained to use particular strategies,
or where perceptions are generated in a laboratory setting with an experimenter
present and actively eliciting information, PEAR percipients are free to choose
their own subjective strategies and physical locations, and experimenters are not
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present during the perception process. While the majority of data have been
acquired in the precognitive mode, wherein the perceptions are generated and
recorded before the target is selected, a substantial subset of trials have been
executed in a retrocognitive mode, wherein perceptions are generated after the
agent has visited the target, and a smaller number have been performed in ‘‘real
time.’’ In all cases, strict precautions are taken to ensure that perceptions are
recorded and filed before percipients have any sensory access to information
about the targets, and no ordinary means of communication between percipients
and agents is available until after that point.

The agents, who in almost all cases are known to the percipients, are asked to
situate themselves at the target sites at the agreed-upon times and to immerse
themselves in the scenes for about 15 minutes. At the close of the visitation
periods, they record their impressions of the target scenes, supplementing them
with hand-drawn sketches if desired, and whenever possible by one or more
photographs to corroborate their verbal descriptions. Like the percipients, agents
are free to employ their own subjective strategies. They simply are encouraged
to attempt in some way to share their target experiences with the percipients.

All of the participants in the PEAR experiments have been uncompensated
volunteers, none of whom has claimed exceptional abilities in this regard. No
explicit tactical instructions are given, although an attitude of playfulness is
encouraged and emphasis is placed on enjoyment of the experience, rather than on
achievement per se. Transcript styles of individual percipients vary widely,
ranging from a few cryptic details at one extreme, to lengthy impressionistic flows
of imagery on the other. No systematic records have been maintained on the
relative effectiveness of the various personal strategies deployed by the
participants, or on any of their psychological or physiological characteristics.
They are encouraged, however, to furnish subjective reports of their experiences,
and these anecdotal descriptions have provided valuable glimpses into some of the
more qualitative aspects of the underlying process. For example, several
percipients have commented that they found it helpful to clear their minds,
visualize a blank screen, and wait for an image of the agent to appear. Some agents
report that they imagine that the percipients are with them at the target scene and
that they carry on mental conversations with them, pointing out various aspects of
the sites. On some occasions, agents have observed that they found their attention
drawn to components of the scene that they had overlooked initially, only to
discover later that these features had been part of the percipient’s descriptions,
almost as if the percipient’s consciousness had guided their attention. Many
participants have indicated that they feel more like they are sharing a common
experience, rather than ‘‘transmitting’’ information from one person to another.

III. Analytical Judging Methods: Development and Initial Applications

As mentioned earlier, evaluation of the original Chicago experiments that
had produced highly significant statistical results had been based on rankings
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assigned by independent human judges to each of the free-response perceptions
when compared with photographs of all the targets in its local series.(30) To
assess the potential statistical impact of inter-judge variability in those studies,
27 transcripts comprising the first three experimental series had been subjected
to repeated re-judging by five separate individuals. Although approximately half
of these trials demonstrated a strong consistency in the ranks assigned by both
the primary and secondary judges and confirmed the acquisition of significant
extra-chance information, the others received a wide range of ranks, suggesting
that the matches originally assigned to these trials had most likely been arbitrary.
Also evident in this review was the inherent inefficiency of an approach
whereby the entire informational content of a given perception was reduced to
a single datum, ordinal at best, in a small experimental series.

Beyond the accumulation of new empirical data, the first major thrust of
the embryonic PEAR program was an attempt to alleviate some of these
shortcomings by developing standardized methods of quantifying the in-
formation content of the free-response data via a series of computer algorithms.
The first step in this direction was the establishment of a code, or alphabet, of 30
simple binary descriptive queries that could be addressed to all targets and
perceptions. The questions ranged broadly from factual, e.g. whether the scene
was indoors or outdoors, whether water was present, etc., to more impression-
istic, e.g. whether the scene was confined or expansive, noisy or quiet, etc. The
responses, entered into a computerized database manager as strings of 30 bits,
were submitted to an assortment of analytical scoring algorithms that could
provide numerical evaluation of the thus-specified information content of any
given trial, and once scored, the statistical merit of the perception results could
be evaluated by an assortment of computerized analytical ranking procedures.(22)

Specifically, the algorithms scored each transcript against all the targets in the
pool and then ranked them in order of descending score.

While still dependent upon a ranking procedure, this descriptor-based process
had the advantages that such ranking could proceed on a more standardized
analytical basis and that many more alternative targets could be ranked by the
computer than by a human judge. As a first test of this approach, one series of
eight trials from the earlier Chicago database was encoded ex post facto into the
binary format by five independent encoders. Reassuringly, most of the responses
were found to be in close agreement with each other, i.e., the computer-assigned
ranks of the better trials were highly consistent with those of the original human
judges, and those of the weaker trials were comparably equivocal.

With these scoring methods so qualified, 35 new trials were generated
following the same protocol used in the earlier experiments, but now the targets
and perceptions were descriptor-encoded ab initio by the agents at the target
sites and by the percipients after completing their free-response descriptions.
Although the statistical results of these new trials were not as strong as those of
the ex post facto–encoded data, they were still highly significant. Perhaps even
more importantly, the general agreement among the various scoring algorithms
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confirmed that the analytical methodology was indeed capable of providing
reliable quantification of the intrinsically impressionistic remote perception data.
To obviate the possibility that the particular list of descriptors employed somehow
could process even random inputs to apparently significant scores, a ‘‘calibration’’
exercise was undertaken wherein artificial ‘‘target’’ and ‘‘perception’’ data
matrices of the same size as the actual data matrices were constructed from the
output of a random event generator. The same computational schemes were
applied to various combinations of these, both with each other and with the true
data, with results that were all well within chance expectation.(25)

With growing confidence in the viability of this analytical methodology, an
additional 51 prior trials from Chicago and PEAR were then transcribed into the
new descriptor format, increasing the total number of ex post facto–encoded trials
to 59, comprising all the original human-judged trials that met formal protocol
criteria and had adequate target documentation to permit such retrospective
encoding. Here and henceforth, formal trials are defined as those that follow the
standard protocol described earlier and also meet all of the following criteria:

1. The agent and percipient are specified to one another.
2. The date and time of the agent’s target visitation are specified to the

percipient.
3. The agent is present at the target within 15 minutes of the specified time and

is consciously committed to his or her experimental role during that period.
4. Both agent and percipient produce verbal descriptions and complete the

descriptor response forms.
5. Both agent and percipient have adequate familiarity with the application and

interpretation of the descriptor questions and with the general protocol.
6. Photographs, written descriptions, or other substantiating target informa-

tion are available.

By 1983, the 59-trial ex post facto–encoded database had been supplemented
by 168 new ab initio–encoded trials, plus 73 others that for various reasons did
not meet formal protocol criteria, bringing the total to 300. Of the non-formal
trials, 21 were categorized as ‘‘questionable,’’ where failure to meet the formal
criteria was due to protocol violations, such as the lack of adequate
substantiating target information, evidence that one or both of the participants
did not understand the application or interpretation of the descriptor questions,
or the vulnerability of the trial to sensory cueing. Another 52 trials were
designated in advance as ‘‘exploratory,’’ wherein intentional deviations from
formal protocol, such as deliberately not informing the percipient of the agent’s
identity, or not specifying the time of target visitation, were undertaken.(24)

IV. Statistical Evaluations via Empirical Chance Distributions

Beyond its evident success in dispassionate ranking of the trials in any given
experimental series, the descriptor-based scoring method offered a far more
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desirable and powerful capability, i.e., the direct calculation of the statistical
merit of individual trial scores or groups of scores. To achieve this, an empirical
‘‘chance’’ distribution was constructed by scoring every perception in the 300-
trial database against every possible target except its correct one, thus
compounding a large array of deliberately mismatched scores, the distribution
of which displayed classical Gaussian features and could serve as a statistical
reference. Several variations of this scoring technique were explored, all of which
consisted of calculating a score for each trial based on the proportion of matches
and mismatches in the percipient and agent responses to the 30 descriptor queries,
using a set of generalized a priori probabilities derived from the 300 targets
comprising the database as descriptor weighting factors. For example, since more
targets tended to be outdoors than indoors, a correct positive response to the query
‘‘Is the scene indoors?’’ was assigned a greater weight than a correct negative
response, and its incremental contribution to the total score was proportionately
larger. The sum of the score increments from all 30 descriptors constituted the
‘‘absolute score’’ for a given trial, which was then divided by some normalizing
factor, such as the maximum score that would have been achieved had all 30
target and perception descriptor responses agreed, yielding a ‘‘normalized score.’’
The statistical merit of this normalized score was then established by comparing it
with the chance distribution of similarly normalized mismatched scores.

The descriptor response check sheets also contained a column labeled
‘‘unsure’’ in addition to the standard ‘‘yes’’ and ‘‘no’’ options, which permitted
participants to indicate any ambiguities they might experience in relating their
subjective impressions in strictly binary terms. These ‘‘unsure’’ responses were
disregarded in the binary calculations, but they provided the basis for
investigating the potential benefits of ternary-based algorithms.(23) Seven such
ternary scoring methods were explored, all of which showed good internal
consistency, but none of which indicated any substantial advantage over the
binary calculations. Given their added computational complexity, subsequent
study was limited to only five binary-based methods:

� Method A: The number of descriptors answered correctly, divided by the
total number of descriptors (i.e., a count of the numerical fraction of
correct responses, ignoring the a priori descriptor probabilities).

� Method B: The sum of all descriptors answered correctly, each weighted by
the reciprocal of its a priori probability, divided by the sum of all descriptors
so weighted. (This method weighted the value of correct responses in
inverse proportion to their a priori probabilities, and normalized the score
by the highest possible score obtainable by this method for a given target.)

� Method C: The same numerator as Method B, divided by the total number
of descriptors, normalized by the ‘‘chance’’ score derived from the a priori
probabilities.

� Method D: The sum of all descriptors correctly answered ‘‘yes,’’ each
weighted by the reciprocal of its a priori probability, plus the unweighted
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sum of all descriptors answered ‘‘no,’’ the total divided by the sum of all
descriptors labeled ‘‘yes’’ in the target, each weighted by the reciprocal of
its a priori probability, plus the unweighted sum of all descriptors labeled
‘‘no’’ in the target, with the resultant score weighted by the highest
possible score for that target. (This process effectively removed from the
calculation those descriptors on which the percipient responded nega-
tively, whether correctly or incorrectly, and thereby served to countervene
use of a negative response to imply ignorance of the descriptor, rather than
its explicit absence.)

� Method E: The same numerator as Method D, divided by the total number
of descriptors, i.e., by the ‘‘chance’’ score.

Table 1 summarizes the results of these 300 trials, grouped by experimental
criteria, as assessed by each of these five recipes.

The most instructive feature of these results is the consistency of anomalous
yield across these five diverse scoring schemes. Regardless of the algorithm
employed, for all but the exploratory trials the composite results indicate highly
significant increments of anomalous information in the matched scores that are
not present in the mismatched score distributions constructed from the same raw
data. Even the null results of the 52 exploratory trials are informative in their
indication that the features violated in these excursions from the standard
protocol, i.e., the percipients’ knowledge of the agent or of the time of target
visitation, may be requisites to generation of the anomalous effect. Given the
evident insensitivity of the results to the particular scoring strategy deployed, it
was agreed that only one method would henceforth be used as the standard for
evaluating future binary-encoded trials. Method B was selected for this purpose,
since it treated positive and negative descriptor responses in a symmetrical and
intrinsically normalized fashion.

These results made it clear that the new analytical methodology was capable
of relatively objective, quantitative assessment of the inherently subjective
remote perception phenomenon. Unlike the less efficient, labor-intensive human
judging methods, it not only could calculate individual trial scores, but could
provide robust indications of the statistical quality of large databases. On the
other hand, the analytical judging process introduced certain imperfections of its
own. For example, the forced ‘‘yes’’ or ‘‘no’’ responses were limited in their
ability to capture the overall ambience or context of a scene, or nuances of
subjective or symbolic information that might be detected by human judges.
Furthermore, while restricting the extracted information to the 30 specified
binary descriptors minimized the reporting task for the participants, it precluded
utilization of other potentially relevant features in the transcripts, such as
specific colors, textures, architectures, or any other details not covered by the
questions. These shortcomings were partially offset by the continued re-
quirement that percipients first generate free-response descriptions from which
the descriptor responses were then derived, a procedure intended to retain the
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spontaneity of the PRP experience as well as to preserve the raw data in
a suitable format for further study. Nonetheless, it became evident that after
several experiences with the descriptor utilization, many participants tended to
limit their attention and descriptions to those features that they now knew were
specific to the questions.

These limitations notwithstanding, the evident advantages of the analytical
judging techniques encouraged further exploration, beginning with a compre-
hensive evaluation of the effectiveness of the individual descriptors in
constructing the trial scores. From this it was determined that the entire group
of descriptors, originally selected by some combination of anecdotal experience
and intuition, actually comprised a reasonably uniform set in terms of their
effectiveness in quantifying informational bits across a broad range of target
types. None was found to be extremely effective; none was seriously deficient.
Sub-division of the descriptors into classifications of natural vs. man-made,

TABLE 1
Summary of Binary PRP Data as of 1983

Scoring
method

Chance
mean

Chance
S.D.

Mean
score

Composite
z-score

Probability
(one-tailed)

# Trials
p , .05*

% Trials
p , .05*

Formal data (N 5 227)
A 0.5610 .1053 0.6113 7.197 3 3 10213 28 (4) 12% (2%)
B 0.5042 .1207 0.5590 6.833 4 3 10212 40 (6) 18% (3%)
C 1.0005 .2380 1.1101 6.941 2 3 10212 35 (5) 14% (2%)
D 0.6512 .0935 0.6926 6.672 1 3 10211 33 (6) 15% (3%)
E 1.0034 .1330 1.0676 7.277 2 3 10213 35 (4) 14% (2%)

Formal plus questionable data (N 5 248)
A 0.5610 .1053 0.6071 6.894 3 3 10212 30 (4) 12% (2%)
B 0.5042 .1207 0.5536 6.442 6 3 10211 42 (7) 17% (3%)
C 1.0005 .2380 1.0998 6.574 2 3 10211 37 (6) 15% (2%)
D 0.6512 .0935 0.6887 6.321 1 3 10210 34 (6) 14% (2%)
E 1.0034 .1330 1.0619 6.924 2 3 10212 37 (4) 15% (2%)

Exploratory data (N 5 52)
A 0.5610 .1053 0.5538 20.493 (.31) 0 (3) 0% (6%)
B 0.5042 .1207 0.5023 20.115 (.45) 2 (3) 4% (6%)
C 1.0005 .2380 1.0277 0.824 .20 3 (2) 6% (4%)
D 0.6512 .0935 0.6419 20.719 (.24) 1 (2) 2% (4%)
E 1.0034 .1330 1.0246 1.148 .13 5 (1) 10% (2%)

All data (N 5 300)
A 0.5610 .1053 0.5979 6.070 6 3 10210 30 (7) 10% (2%)
B 0.5042 .1207 0.5447 5.809 3 3 1029 44 (10) 15% (3%)
C 1.0005 .2380 1.0873 6.320 1 3 10210 40 (8) 13% (3%)
D 0.6512 .0935 0.6806 5.447 3 3 1028 35 (8) 12% (3%)
E 1.0034 .1330 1.0554 6.773 6 3 10212 42 (5) 14% (2%)

Note: The original version of this table, published in Technical Report 83003, contained an error that
inadvertently inflated the results from Method A, suggesting that this method produced larger effects
than the others. With this corrected, the results are reasonably consistent across all five methods.
* Numbers in parentheses indicate number of trials with negative z-scores, p , .05.
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objective vs. subjective, permanent vs. transient, and indoor vs. outdoor, also
indicated no significant differences in effectiveness. The interdependence
among the various descriptors, e.g. that outdoor scenes were less likely to be
confined, or that indoor scenes were less likely to involve airplanes or road
vehicles, was also explored by a variety of statistical methods, all of which
confirmed that while such correlations might blunt the incisiveness of the full
descriptor net somewhat, they could not compromise the validity of the
results.(24,25,31)

Thus, by the close of this phase of the program, a number of useful general
conclusions had emerged:

1. Although the various methods produced differing scores for some of the
individual trials, the overall statistical yield was uniformly highly
significant and relatively insensitive to the particular scoring and
normalizing recipes employed.

2. There was general agreement between the results of the various analytical
methods and those of the impressionistic assessments by human judges,
particularly for the perceptions of higher statistical merit.

3. The use of ternary descriptor responses, wherein participants were offered
the option of ‘‘passing’’ on a given descriptor, did not yield sufficiently
more consistent or accurate results compared to the binary methods to
justify the added computational complexity.

4. Defining a ‘‘universal’’ target pool in terms of a sufficiently large number
of actual targets made it possible to calculate a set of generalized a priori
descriptor probabilities that could be used for scoring any individual
perception efforts in the database, regardless of its particular local series
pool.

5. Calculation of the statistical merit of individual perception efforts by
reference to an empirical chance distribution, derived from a large number
of deliberately mismatched targets and perceptions, proved to be a far
more powerful strategy than the computerized analytical ranking within
individual small series.

6. The 30 descriptors, originally chosen through a combination of empiricism
and intuition, although clearly non-independent, nonetheless displayed
a reasonably flat profile of effectiveness in building the scores of the
significant transcripts.

V. Secondary Parameters

With the effectiveness of the analytical methodology thus established and the
computerized ranking procedures superseded by the more powerful statistical
procedure that compared the scores of individual trials or groups of trials with
a ‘‘universal’’ mismatch distribution, a second phase of ab initio–encoded data
generation was initiated that extended over several years. Since the protocols,
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descriptor questions, and scoring algorithms remained identical to those
deployed in the previous phase, these new trials could legitimately be combined
with the earlier data to provide a larger database for structural segmentations. By
1988 the total PEAR PRP binary-descriptor database consisted of 411 trials,
produced by a total of 48 participants. Of these, 336 trials qualified as formal, 54
as exploratory, and 21 as questionable. Of the 336 formal trials, 125 followed
the instructed protocol, wherein the target was selected at random from a pre-
existing pool, and 211 utilized the volitional protocol, wherein the agent was in
an area for which no prepared pool existed.

Sorting the data by another criterion, 291 trials, 216 of which qualified as
formal, were generated under the standard protocol wherein a single percipient
attempted to describe the location of a single agent. In the remaining 120 trials,
all of which met the formal criteria, two or more percipients addressed the same
target. The number of percipients addressing a given target ranged from two to
seven, and each perception was scored as a separate trial against its appropriate
target. In all but two of the multiple-percipient trials, the percipients were aware
that others were involved in the experiment, although they did not always know
their identities. The participating percipients always were separated spatially
from each other and, in most cases, attempted their perception efforts at different
times. One series of formal trials and a few of the exploratory trials involved
more than one agent, but in each of these cases only one, pre-specified, set of
target encodings was included in the scoring process; the second set was used
only for informal comparison.

Table 2 presents the summary statistics obtained using binary Method B for
this combined PRP database and its various subsets. The empirical chance
distribution used as a reference was derived from all the formal trials in this
same database, and comprised more than 100,000 mismatched scores. In
addition to the subsets addressing planned variations of the protocol, e.g. ab
initio vs. ex post facto encoding, single vs. multiple percipients, and instructed
vs. volitional assignment of targets, summaries for ad hoc subdivisions of the
database by seasonal and regional target groupings are also included. For each
independently calculated subset, the table displays the number of trials; the
mean score; the effect size (defined as the mean z-score of all the trials in the
given subset) with associated 99% confidence intervals; the standard deviation
of the trial z-score distribution (expectation 5 1); and the composite z-score
(calculated by multiplying the effect size by the square root of the number
of trials in the subset) with its associated one-tailed probability against chance.
The last three columns list the number of trials in each subset with z . 1.645
( p , .05) (numbers in parentheses indicate z , 21.645); the corresponding
percentage of those significant trials; and the percentage of scores where p , .50
(greater than the chance mean score). Each group is scored using the local
a priori descriptor probabilities associated with that subset, and except for the
groups labeled ‘‘All Trials’’ and ‘‘Non-Formal Trials,’’ the various subsets
consist of formal trials only. All are calculated with reference to the universal
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chance distribution of mismatched scores (N 5 106,602, mean 5 .5025, and
standard deviation 5 .1216).

The overall results of these analyses leave little doubt, by any criterion, that
the PRP perceptions contain considerably more information about the designated
targets than can be attributed to chance guessing. Although the superior results of
the ex post facto trials relative to the ab initio trials are particularly striking, little
difference is found between single- and multiple-percipient performances, and
there is no evidence of seasonal dependencies. (In assessing these results, it is
important to keep in mind that the statistical z-scores reflect both the average
effect size and the number of trials in each subset. So, for example, although the
single-percipient data produce a substantially larger z-score than the smaller
multiple-percipient subset, their relative effect sizes are very close and the large
confidence intervals indicate that the two groups are statistically indistinguish-
able. Similar remarks pertain to the seasonal discriminations.)

The substantial difference between the yields of the ex post facto and ab initio
data raise some concern that the former, on which the descriptor questions and
methodology initially had been based, could have introduced a spurious score
inflation into the composite database. Therefore, these analyses were repeated
using only the formal ab initio data. The composite results of these 277 trials,
presented in Table 3, continue to display a robust overall effect and confirm that
the bottom-line yield of the overall PRP database cannot be discounted on the
basis of any such inflation. It is interesting to note, however, that in this
somewhat more restricted dataset the difference between the instructed and
volitional subsets is considerably smaller and only marginally significant, and
the geographical distinction between Princeton targets and those elsewhere, once
the ex post facto Chicago trials are excluded, becomes statistically non-
significant.

The difference between the average effect sizes of the instructed and volitional
trials is worth closer examination since these two subsets might have been
expected to display disparities in their empirical a priori descriptor probability
estimates. Given the less formal nature of the target selection process in the
volitional trials, it was possible that the agent’s knowledge of the percipient’s
personal preferences or target response patterns could have influenced the target
selection and representation, thereby introducing an undue bias into the volitional
trial scores. In the full database, summarized in Table 2, there was indeed
a statistically significant difference between the results of these two subsets (z 5

2.41), but it was actually the instructed subset that produced the larger effect size.
The formal ab initio data only (Table 3) still showed a larger effect in the
instructed trials, although the difference here was considerably smaller (z 5

1.73). Thus, the concern that the target selection process employed in the
volitional trials might have contributed to artificial enhancement of the results
appeared to be unfounded. If anything, these comparisons suggested that the
volitional target selection process may actually have had an inhibitory effect on
the phenomenon, rather than imposing an advantage.
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The magnitude and consistency of the anomalous yield in these data are
presented graphically in Figure 1, where the results of all 336 formal trials are
displayed in the form of a cumulative deviation of the actual scores from chance.
Here, the stronger yield of the early ex post facto trials is strikingly evident.
Nonetheless, the remainder of the trace, while less steep, also shows a clear and
systematic deviation from chance expectation.

Further details on the analytical judging methodology and individual trial
results, as well as examples of target photos and transcripts from some specific
trials, may be found in Refs. 24–26, 32, and 33, and a process that verifies that
the scores are not inflated by shared percipient/agent coding biases is described
in Appendix A of this paper.

VI. Distance and Time Dependencies

Beyond the secondary parameters discussed in the previous section, a number
of other variables were explored in the course of these experiments that proved
helpful in illuminating some of the fundamental characteristics of the anomalous
communication process. Two features of particular importance are the
dependence of the results on the physical distance separating the percipient
and the target, and on the time interval between the perception effort and the
agent’s visitation of the target. The spatial distances in this database ranged from
less than one mile to several thousand miles, and the temporal separations from
several days before to several days after target visitation. Figures 2 and 3 display
the results of regression analyses of the dependence of the trial scores on these
two parameters. In each, the horizontal dashed line denotes the empirical mean
z-scores, the central dotted line indicates the linear regression fits to the data,
and the outer dotted lines are the 95% confidence intervals thereof. Since the
regressions are statistically indistinguishable from the lines of constant mean
shift, we conclude that, within the ranges of this database, there are no
significant correlations of effect size with either distance or time. In particular,
when a regression of the data is plotted as a function of the reciprocal square of

Fig. 1. Cumulative deviation of 336 binary-encoded formal trials.
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the distance, the results specifically refute any 1/r2 dependence of the anomalous
‘‘signal.’’ Furthermore, if the data are segregated into subsets of the more
extreme spatially and temporally displaced trials and those more proximate, the
average effect sizes of the former remain statistically indistinguishable from
those of the latter.(24,25)

The lack of evidence for attenuation of the remote perception yield with
increased distance or time severely limits the possibilities for theoretical
explication in terms of any known physical process. However, these findings did
prompt the testable hypothesis that other anomalies being explored by PEAR
might display similar non-local characteristics, and led to an extensive study of
remote human/machine interactions. Here again, significant intention-correlated
mean shifts have been observed that are statistically indistinguishable from those
in the local experiments. Not only are the scales of these anomalous effects
insensitive to intervening distance and time, but they display the same structural
patterns as those of the corresponding local experiments.(34) Indeed, the
similarities between the human/machine and remote perception results provided
the first indications that these two forms of anomaly, previously regarded as
distinct phenomena, actually might derive from the same mechanism of
information exchange.

VII. FIDO Scoring

By 1985 the PEAR program had amassed a substantial body of experimental
data that both confirmed the reality and robustness of the remote perception
phenomenon and demonstrated the efficacy of the analytical scoring techniques.
Although the ab initio–encoded trials had produced a smaller average effect size

Fig. 2. 336 binary-encoded formal trial scores as a function of distance.
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than that of the ex post facto subset, this was attributed primarily to an inherent
advantage for the earlier data of having the descriptor questions and analytical
techniques based on those trials. The results of the ab initio experiments were
still highly significant statistically, and the sacrifice of some of the
impressionistic yield of the earlier efforts was deemed a reasonable price to
pay for the capacity for more incisive quantitative measurement of the
information content of the data. Notwithstanding, the diminished effect size
prompted a new phase of investigation with the goal of achieving a better
understanding of the cause of this attenuation and recovering the stronger yields
obtained in the original experiments.

In the course of generating the ab initio data, several participants had
complained that the forced binary responses seemed somewhat inhibitory and
incapable of capturing many aspects of their experiences, suggesting that this
might have contributed to the deterioration of the results. It was clearly evident
that many of the target scenes, and most of the perceptions, contained ambiguous
features that could not be answered easily with simple ‘‘yes’’ or ‘‘no’’ responses.
For example, an agent might be indoors, but looking out a window at an outdoor
scene, and thus unsure whether to characterize the scene as indoors or outdoors.
A feature might have captured the agent’s attention during the target visitation,
but not have been an integral component of the scene itself, such as a brief
conversational exchange with a passerby in an otherwise unpopulated area,
complicating the response to the question ‘‘Are people present?’’ This problem
was particularly evident in percipients’ efforts to identify specific details from
a perception that often emerged as a less than coherent stream of consciousness,
much as in the difficulty of recalling features from fragments of dream imagery.

In an effort to make the analytical judging process more ‘‘user friendly,’’
a quaternary descriptor response alternative was devised, playfully termed

Fig. 3. 336 binary-encoded formal trial scores as a function of time.

Remote Perception Research 223



FIDO, an acronym for ‘‘Feature Importance Discrimination Option.’’ This new
format provided participants with four response options for each descriptor:
a rating of ‘‘4’’ identified a feature as a clearly dominant component of the
scene; ‘‘3’’ meant the feature was present, but not particularly important; ‘‘2’’
indicated uncertainty as to the presence or absence of the feature; and ‘‘1’’ was
a statement of the definite absence of the feature. Since implementation of the
FIDO program required rewording of the descriptors, combination of the FIDO
trials with the earlier databases was not feasible, but it did provide an
opportunity to clarify or redefine some of the existing questions that had posed
occasional interpretational difficulties. After an extensive assessment, which
included having several people encode a variety of test scenes with the new
quaternary descriptors and comparing their responses for consistency, a revised
set of 32 descriptors was created and a new body of experiments undertaken. In
all other respects, the same protocol was followed as in the earlier studies,
although data were now generated on a trial-by-trial basis, rather than in series
of arbitrary length. The FIDO program ran for four years, beginning in 1985, and
produced a total of 167 trials.

The standard FIDO scoring matrix, illustrated below, assigned a score of 5 to
each correctly matched response to options ‘‘absent’’ and ‘‘dominant,’’ where
there was agreement on the clear presence or absence of a given feature. A score
of 4 was assigned to correct matches of ‘‘present’’ or ‘‘unsure.’’ Mismatches of
‘‘absent’’ vs. ‘‘unsure,’’ or ‘‘present’’ vs. ‘‘dominant,’’ where percipient and agent
agreed on the presence or absence of a feature but assigned it different degrees
of importance, received a score of 3 if the percipient was less confident than the
agent, but only 2 if the percipient was more confident. An ‘‘unsure’’ vs.
‘‘present’’ mismatch received a score of 2; mismatches of ‘‘absent’’ vs.
‘‘present,’’ ‘‘or unsure’’ vs. ‘‘dominant,’’ were assigned a score of 1; and a total
mismatch of ‘‘dominant’’ vs. ‘‘absent’’ was scored as 0.

The scores derived from the 32 descriptor comparisons were added to produce
a total score for each individual trial, as in the previous binary analyses. A
matrix was then constructed that scored all the targets against all the perceptions,
and the scores of the correct matches compared with the distribution of
mismatched scores. Rather than attempting to establish a priori probabilities for
these more complex descriptor options, the FIDO calculations were carried out
using a method similar to binary Method A, which simply divided the sum of

Absent Unsure Present Dominant

Absent 5 3 1 0 "
Unsure 2 4 2 1

Target
Present 1 2 4 2

Dominant 0 1 3 5 #
 Perception !

B. J. Dunne & R. G. Jahn224



the descriptor scores by the total number of descriptors, ignoring any a priori
descriptor probabilities. The composite z-score thus calculated for the 167 FIDO
trials was 1.735, indicating a marginally significant overall achievement, but one
that was reduced even further from the high yield of the previous data.

Five alternative algorithms subsequently were applied ex post facto to these
FIDO data in an effort to understand the cause of the lower yield and to devise
more effective scoring strategies. Two of these methods simply returned the data
to the original binary and ternary formats to ascertain whether the lower yield
was attributable to an analytical insensitivity of the new technique or to poorer
percipient performance. The binary reduction treated all responses of 4 or 3 as
a ‘‘yes,’’ and all 2 or 1 responses as a ‘‘no,’’ while the ternary reduction treated
a response of 4 as a ‘‘yes,’’ a response of 1 as a ‘‘no,’’ and a response of 2 or 3 as
an ‘‘unsure.’’ A fourth method ignored everything but exact matches, assigning
a score of 1 for each descriptor response in the perception that matched that in
the target. Two additional methods allowed partial credit for close matches,
similar to that of the standard FIDO algorithm. One assigned a score of 2 for an
exact match and a score of 1 for an ambiguous match; the other assigned
a weight of 4 to an exact match and a score of only 1 for an ambiguous match. A
summary of the results produced by these six methods is presented in Table 4.

Other than the binary-reduction version, which produced nearly as many
extra-chance ‘‘misses’’ as ‘‘hits,’’ the results from the other five methods all
displayed relatively close concurrence, marginally significant composite
z-scores, and effect sizes only about half that of the ab initio trials and only
about a fifth as large as that of the ex post facto subset. Although the proportions
of trials with positive scores were above 50% in all the calculations, neither
these nor the numbers of significant trials exceeded chance expectation. Clearly,
FIDO had not achieved its goal of enhancing the PRP yield, despite its potential
sensitivity to subtle or ambiguous informational nuances in the data. Despite
some variability among the z-scores calculated for individual trials by the
different scoring methods, the general consistency across most of the scoring
methods for the composite database suggested that the decreased yield was not
directly due to inadequacies in the FIDO scoring algorithms, per se, but to a more
generic suppression of the anomalous information channel.

This suspicion was reinforced by a supplemental exercise in which an
independent human judge was asked to rank the fits between the agents’ free-
response transcripts and their coded descriptors. This ranking effort was
admittedly subjective and arbitrary, and complicated by the varied lengths of
transcripts and the presence or absence of drawings, photos, or other illustrative
material. However, of the 167 targets, the judge determined that 162 (97%)
showed reasonably good correspondences between the agents’ verbal descrip-
tions and their descriptor responses. A similar exercise was performed on the
percipients’ encodings of their transcripts, with comparable results. Thus, the
FIDO descriptors themselves seemed adequate for capturing both the target
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information and the percipients’ imagery. The diminishment of the yield
evidently had its source elsewhere.

VIII. Distributive Scoring

Shortly after completion of the FIDO analyses, an REG-based human/
machine study had indicated that operator pairs of opposite sex, working
together with a shared intention, produced substantially stronger effects than
same-sex pairs or individual operators.(35) This, in turn, had led to
a comprehensive examination of nine of PEAR’s human/machine databases,
which were found to display significant gender-related differences in individual
operator achievement.(36) Although hints of possible gender-related trends had
also been noted in the PRP data, the previous pool of contributing percipients
and agents had been too small and disproportionately balanced to determine
whether such gender-pairing might be a significant factor in these experiments
as well. To explore this hypothesis, a new body of remote perception
experiments was performed using a balanced pool of same- and opposite-sex
participant pairs, each contributing an equal number of trials.

This new protocol required each percipient/agent pair to generate a series
consisting of five trials. Ideally, the same pair would produce another five-trial
series with their roles reversed. Since a concern had been raised that providing
feedback to participants at the conclusion of each trial could introduce a possible
bias in subsequent trials, feedback to participants was withheld until all five
trials of a series were completed, and each target selected from the pool in
instructed experiments was returned before the next trial. To preclude any
possibility of shared response bias, all analyses were based solely on local subset
comparisons within a given series.

As an added attempt to improve the scoring methodology, a new descriptor
check sheet was designed that permitted participants to respond to each question
on a distributive scale of 0 to 9 to indicate the relative prominence of each of 30
descriptor features. Similar to the prior methods, the results were evaluated by

TABLE 4
Summary of FIDO Data by Six Scoring Methods (N 5 167)

Scoring
method

Effect
size

Composite
z-score Probability

# Trials
p , .05*

% Trials
p , .05*

% Trials
p , .50

FIDO 0.1343 1.735 .041 10 (8) 6% (5%) 54%
Binary 0.0761 0.984 .163 13 (12) 8% (7%) 53%
Ternary 0.1598 2.065 .019 5 (6) 3% (4%) 56%
Exact 0.1495 1.932 .027 17 (6) 10% (4%) 54%
Distributive 0.1453 1.878 .030 12 (6) 7% (4%) 57%
Weighted distributive 0.1467 1.896 .029 15 (6) 9% (4%) 55%

* Numbers in parentheses indicate number of trials with negative z-scores, p , .05.
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constructing a 5 3 5 matrix for each series by scoring every target against every
perception. These individual scores, in turn, were drawn from various 10 3 10
matrices that cross-indexed and assigned values to every possible pair of 0–9
descriptor rankings. Again, several different recipes were applied:

� A direct-match matrix that awarded a score of 1 for any exact descriptor
match and 0 for any mismatch.

� A binary matrix that treated any response of 0–4 as a ‘‘no,’’ and any
response of 5–9 as a ‘‘yes,’’ with a correct match assigned a score of 1 and
an incorrect match a score of 0.

� A ternary matrix that treated 0–2 as a ‘‘no,’’ 3–6 as an ‘‘unsure,’’ and 7–9
as a ‘‘yes,’’ and assigned a score of 2 to any correct ‘‘yes’’ or ‘‘no’’ match,
1 to a correct ‘‘unsure’’ match, and 0 to any other response.

� A distributive matrix that assigned a score of 2 for a direct match, 1 for
a mismatch by one or two levels in the descriptor rankings, and 0 for any
other mismatches.

� An extended distributive matrix that assigned a score of 10 to a direct
match, 5 to an adjacent match, 2 to a response two points removed from
the correct rank, 1 to a response three points removed, and 0 to any other
response.

� A weighted distributive matrix that assigned scores of 9 for direct matches
at the extremes of the range (0 or 9), with decreasing credit as the match
approached the middle of the range; i.e., correct matches of 1 or 8
received a score of 8, matches of 2 or 7 received a 7, etc. Scoring for
adjacent matches followed a similar pattern of reduced credit as the rank
approached the middle of the range.

As before, the sum of the individual descriptor scores constituted the total score
for a given trial, and the scores of the five matched trials were compared with
those of the 20 mismatched scores to determine the statistical merit of each
series.

Thirty experimental series comprising 150 trials were generated using this
distributive protocol by 12 participant pairs, 8 of whom produced at least two
series together with the percipient/agent roles reversed. The results are
summarized in Table 5.

Once again, there was reasonably good agreement among the six scoring
recipes, but the overall results were now completely indistinguishable from
chance. No more than the expected number of significant trials emerged in the
analyses, and the low statistical resolution in defining the local empirical
chance backgrounds, a consequence of the small size of the scoring matrices,
made calculation of individual trial z-scores virtually meaningless. In a certain
sense, this was reminiscent of one of the problems that had stimulated
development of the analytical judging methodologies 18 years earlier, namely,
the statistical inefficiency of assessing the informational content of individual
trials in small experimental series. But now the phenomenon itself seemed to
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have disappeared. And given the lack of any statistical yield in these data, it
was not possible to ascertain whether there was any evidence of co-operator
or gender differences, the question that had originally prompted this
exploration.

In pondering this paradox, we became cognizant of a number of subtler, less
quantifiable factors that also might have had an inhibitory effect on the
experiments, such as the laboratory ambience in which the experiments were
being conducted. For example, during the period in which the FIDO data were
being generated, we were distracted by the need to invest a major effort in
preparing a systematic refutation to an article critical of PEAR’s earlier PRP
program.(37,38) Although most of the issues raised in that article were irrelevant,
incorrect, or already had been dealt with comprehensively elsewhere and shown to
be inadequate to account for the observed effects,(23) this enterprise deflected
a disproportionate amount of attention from, and dampened the enthusiasm for, the
experiments being carried out during that time. Beyond this, in order to forestall
further such specious challenges, it led to the imposition of additional unnecessary
constraints in the design of the subsequent distributive protocol. Although it is not
possible to quantify the influence of such intangible factors, in the study of
consciousness-related anomalies where unknown psychological factors appear to
be at the heart of the phenomena under study, they cannot be dismissed casually.

IX. Review and Discussion

The evidence acquired in the early remote perception trials had raised
profound questions in the minds of the PEAR researchers, similar, no doubt, to
those of the countless others who, over the course of history, had experienced
first-hand the validity of Paracelsus’ remarkable claim. The possibility that
ordinary individuals can acquire information about distant events by these
inexplicable means, even before they take place, challenges some of the most
fundamental premises of the prevailing scientific worldview. PEAR’s efforts
to devise strategies capable of representing the information acquired in the

TABLE 5
Summary of Distributive Data by Six Scoring Methods (30 Series, 150 Trials)

Scoring
method

Effect
size

Composite
z-score Probability

# Series
p , .05*

# Trials
p , .05*

% Trials
p , .05*

% Trials
p , .50

Direct match 20.0088 20.108 .543 2 (0) 6 (6) 4% (4%) 46%
Binary 20.0684 20.838 .799 0 (1) 8 (3) 5% (2%) 47%
Ternary 20.0342 20.419 .662 0 (0) 5 (5) 3% (3%) 55%
Distributive 20.0501 20.613 .730 1 (0) 5 (5) 3% (3%) 51%
Extended

distributive
20.0745 20.912 .819 1 (0) 6 (9) 4% (6%) 52%

Weighted
distributive

20.0394 20.483 .685 2 (0) 6 (8) 4% (5%) 53%

* Numbers in parentheses indicate number of trials with negative z-scores, p , .05.
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remote perception process in a manner amenable to quantitative analysis had
followed the traditional scientific method, i.e., to design experiments capable
of reproducing the phenomenon under carefully controlled conditions, to
systematically eliminate sources of extraneous noise in order to bring the
phenomenon in question into sharper focus, and to pose theoretical models to
dialogue with these empirical results.

The early phases of the program provided encouraging indications that this
could be accomplished via a set of standardized descriptor queries, addressed to
both the agent’s description of the physical target and to the percipient’s stream-
of-consciousness narrative, that would serve as an ‘‘information net’’ to capture
the essence of the anomalous communication. Ex post facto application of this
technique to existing data seemed to confirm the efficacy of this approach,
producing results that were consistent with previous human judge assessments
and encouraging continued explorations. In the second phase of the program, ab
initio utilization of this method in a new body of experiments also produced
highly significant results. While the average effect size of these was somewhat
smaller than that of the original ex post facto subset, this was attributed primarily
to the fact that these were the data on which the descriptor questions and
analytical techniques had been based. Nevertheless, the statistical yield of the ab
initio data still was sufficiently robust to indicate that the new method could
serve its intended purpose adequately.

Yet, like so much of the research in consciousness-related anomalies,
replication, enhancement, and interpretation of these results proved elusive. As
the program advanced and the analytical techniques became more sophisticated,
the empirical results became weaker. It appeared as if each subsequent
refinement of the analytical process, intended to improve the quality and
reliability of the ‘‘information net,’’ had resulted in a reduction of the amount of
raw information being captured. This diminution of the experimental yield
prompted extensive examination of numerous factors that could have contributed
to it. After exploring and precluding various possible sources of statistical or
procedural artifact, however, we were forced to conclude that the cause of the
problem most likely lay somewhere in the subjective sphere of the experience.

Throughout the course of the program, when participants had been queried
about their personal reactions to the encoding process, their most common
complaint was a feeling of being ‘‘constrained’’ by the required forced-choice
binary queries. In response, the FIDO phase was implemented to permit
participants more freedom in formulating their responses. Although the FIDO
database appeared to contain a considerable number of impressionistically
successful trials, the composite quantitative results now were only marginally
significant.

The failure of FIDO to reinvigorate the PRP program, plus the desire to
examine variations in individual performance, led to yet another encoding
strategy with even more response flexibility, i.e., the distributive methodology.
Although this method was intended to alleviate participants’ feelings of subjective
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constraint, concerns about the possibility of participant response biases imposed
additional procedural restrictions. It was evident from the null results of the 150
distributive trials that all efforts to enhance the effect by progressively more
elaborate analysis techniques not only had failed, but even had proven counter-
productive. Although the judging methodology had been proven to serve its
intended analytical purpose, the progressive attenuation of the yield suggested
that there was some kind of interference taking place between the analytical
measures and the generation of the effects they were attempting to measure.

The trend is clearly evident on re-examination of the cumulative deviation
graph of Figure 1, which plots chronologically the cumulative results of all 336
formal binary-encoded trials and displays a potentially instructive clue to the
inexorable decrease in effect size. Following the initial sharp slope representing
the strong yield of the original 59 ex post facto trials, the slope of the subsequent
277 ab initio trials can be seen to consist of two distinct segments. The first of
these, comprising the initial 168 ab initio trials (60 through 227 on the x-axis)
has a consistent positive slope, albeit shallower than that of the earlier ex post
facto data. The slope of the second segment (trials 228 through 336), which
consists of the 109 trials from the second phase of the ab initio experiments, is
noticeably flatter. The beginning of this second segment would therefore appear
to be the point at which the experimental yield began to deteriorate. Figure 4
plots the comparative effect sizes of the data from these various experimental
periods, reconfirming the systematic decrease of the yield beginning with the
second phase of the ab initio binary experiments. The numerical results of these
segments are presented in Table 6. (Again, the effect sizes displayed in the graph
and table were calculated by dividing the z-scores for each database by the
square root of the number of trials in that subset, and thus indicate the average
z-score per trial.)

While the composite yield of the total database remains highly significant, it
is evident that this result is driven primarily by the much stronger yields of the
earlier trials, bolstered by the substantial size of the overall database itself. The
success of the analytical judging technique in the early phases of the program,
and its apparent insensitivity to the particular scoring matrices invoked,
confirms that such an approach can indeed be deployed successfully as a strategy
for quantifying this inherently subjective process. Nonetheless, something
clearly changed in the second phase of the ab initio experiments that resulted in
a substantial weakening of the effect being quantified. Since both phases of the
ab initio portion of the program utilized identical descriptor questions and
scoring algorithms, their analytical effectiveness therefore can be ruled out as
the source of the lower yield in the later phases of the program.

Another pattern became evident when we returned to the raw free-response data
with this in mind. The free-response descriptions in the later trials were
considerably shorter than those generated in the earlier ones, some of which had
run to several pages of narrated perceptions. Indeed, in many of these later trials,
percipients’ verbal descriptions consisted of only a few cursory phrases, intended
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simply to clarify nuances of their descriptor responses, and provided little in the
way of the stream-of-consciousness imagery they had been asked to generate. It
appeared that as the percipients became more familiar with the descriptor
questions, their subjective impressions were increasingly guided and circum-
scribed by them, as though the questions were establishing the informational
framework for their responses. The original free-response remote perception
experiment thus had taken on the characteristics of a multiple-choice task, and the
locus of the experience had shifted from the realm of intuition to that of intellect.

X. From Analysis to Analogy

Having exhausted the search for the source of the remote perception signal
deterioration in the analytical techniques themselves, we are driven to look

Fig. 4. Effect sizes of various data subsets.

TABLE 6
PRP Summaries by Database

# Participants*

Database
#

Trials
#

Series
#

Agents
#

Percipients Total
Composite

z-score
Effect
size Probability

Ex post facto 59 7 4 13 16 5.792 .754 3 3 1029

Ab initio 277 42 13 26 30 4.378 .263 6 3 1026

Initial trials 168 29 9 21 23 4.582 .354 2 3 1026

Later trials 109 13 7 13 15 1.291 .124 .098
FIDO 167 9 19 22 25 1.735 .134 .041
Distributive 150 30 15 15 16 20.108 2.009 .543

TOTAL 653 88 39 59 69 5.418 .212 3 3 1028

* Some individuals contributed to more than one database, in both percipient and agent capacity.
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further afield for a satisfactory explanation. If we step back to review the
program from a broader perspective, we note that all of the methodological
‘‘improvements’’ introduced to refine the scoring techniques had been directed
toward more efficient extraction of the anomalous information and elimination
of possible sources of artifact or bias. Some were efforts to achieve ‘‘sharper
definition’’ of the remote perception ‘‘signal,’’ others were attempts to ‘‘tighten’’
the experimental ‘‘controls,’’ and a few were designed to ‘‘clarify’’ certain
characteristics of the communication ‘‘channel.’’ All these terms reflect an
emphasis on achieving increasingly precise specification and reducing the noise
or uncertainty in the process. Yet, each increment of analytical refinement
appears to have resulted in a systematic reduction not of the ‘‘noise’’ but of the
‘‘signal’’ itself. This raises the somewhat radical possibility that manifestation of
the anomaly may actually require a certain degree of the very noise, or
uncertainty, that we had invested so much effort to reduce. It is a possibility,
however, for which precedent can be found in other domains of scholarly
inquiry, and is therefore worth consideration in the present context.

The most immediate technical examples of this complementarity of signal
and noise are the human/machine experiments carried out in our laboratory and
elsewhere.(39) All of these studies employ some form of random processor,
and the anomalous effects appear as departures of their random outputs from
chance expectation. It is as if the ‘‘noise’’ of the random process provides the
essential raw material out of which the mind of the operator is able to construct
a small amount of ordered ‘‘signal.’’

Such effects are by no means restricted to explicit anomalies research. Similar
departures from canonical expectations can be found in contemporary
engineering applications of ‘‘stochastic resonance,’’ wherein a deliberate
increase in the overall level of noise in certain kinds of lasers or sensitive
electronic circuits can actually enhance the detection of weak, fluctuating
signals.(40,41) Other studies have demonstrated that the introduction of an
element of chaos into certain types of nonlinear processes, such as the interaction
of two otherwise independent random oscillators, can stimulate synchronous
behavior between the transmitter and the receiver.(42,43) In each of these
instances, information or order has been introduced into a sensitive nonlinear
physical system, not by reducing the ambient noise, but by increasing it.

Of particular interest for our purpose is the researchers’ unanticipated
observation that in such synchronization processes the receiver actually recorded
changes in the signal before the transmitter recorded the transmission of those
changes. In other words, the system seemed capable of anticipating the
synchronization. The engineers who carried out the studies remarked that, ‘‘We
would thus expect that any of those analogous systems which exhibit chaos
should also be liable to anticipating synchronization. We thus hope that our
work will act as a stimulus to explore the opportunities for observing
anticipating synchronization in physical, chemical, biological and socio-
economic systems.’’(41) Following this suggestion, we might note that, in
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a certain sense, the remote perception process qualifies as an example of
a ‘‘sensitive nonlinear system with a weak fluctuating signal’’ that exhibits
a certain degree of chaos, and that the participants in these experiments function
as ‘‘two otherwise independent random oscillators.’’ Hence, it well may be that
our signal is also dependent upon a background of random noise for its
manifestation. If so, it would appear that it was our attempts to enhance the remote
perception signal by sharpening the specificity of the information channel that
could, in fact, have been responsible for the attenuation of the signal.

Reaching farther afield for relevant analogies, the accepted model of
biological evolution incorporates the importance of uncertainty in enhancing
information. Darwinian theory postulates that living species adapt to their
environment by selecting for specific traits that emerge in the process of random
genetic mutation. This process is itself strongly dependent on the generation of
‘‘noise’’ emerging from the massive redundancy of continuously recombined
genetic information. When the randomness of this process is limited, as in
repeated interbreeding, the short-term advantage of increased predictability of
inherited traits is offset by longer-term weakening of the genetic strain of the
species.

Insights can also be derived from a quite different realm of human experience,
namely, the practice of certain mystical divinatory traditions where anomalous
relationships between signal and noise are also evident. In most of these,
a clearly defined question is submitted to some kind of random process for the
purpose of accessing information unavailable to the conscious mind. Typically,
the response comes in imprecise or symbolic form that requires translation into
meaningful or pertinent terms. One such example is the renowned Oracle of
Apollo at Delphi in ancient Greece, a highly respected source of wisdom that
long played a central role in Greek culture and politics. Consultation of the
oracle involved a priestess called the Pythia who, crowned in laurel and in an
altered state of consciousness stimulated by vapors arising from a cleft in the
earth over which she sat on a tripod, produced a ‘‘free response’’ utterance,
which was then interpreted by the attending priest in response to the seeker’s
query. Two points of potential relevance here are the non-analytical, receptive
state of mind of the ‘‘percipient,’’ and the deferment of interpretation by the
‘‘judge’’ until after the experience has been completed.

Another ancient oracle, still widely used, is the Chinese ‘‘Book of Changes,’’
or I Ching, a divination process that involves generation of a sequence of
random binary events, the results of which are represented as two ‘‘trigrams.’’
These are referred to a table, or matrix, that identifies each of the 64 possible
combinations, or ‘‘hexagrams,’’ with a specific text that is then consulted to
obtain a response to the original query. Notwithstanding the subjective nature of
the interpretation of the texts, a vast body of evidence accumulated over many
millennia testifies to the efficacy of the I Ching in producing accurate and
consequential results. Despite the claim of many rationalists that such oracles
are nothing more than bizarre combinations of wishful thinking and ‘‘mere
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chance,’’ this is the same ‘‘irrational’’ formula that seems to underlie the remote
perception phenomena that have now been demonstrated, by rigorous analytical
quantification, to convey more meaningful information than can be attributed to
‘‘mere chance.’’ Hence the principles invoked by the ancient sages in developing
the I Ching may shed some light on these more contemporary anomalies.

Psychologist Carl Jung, who devoted more than 30 years to the study of the I
Ching, pointed out in his Foreword to the classic Richard Wilhelm translation(44)

that ‘‘we know now that what we term natural laws are merely statistical truths
and thus must necessarily allow for exceptions. . . . If we leave things to nature,
we see a very different picture: every process is partially or totally interfered
with by chance, so much so that under natural circumstances a course of events
absolutely conforming to specific laws is almost an exception.’’ He relates the
emphasis placed by the ancient Chinese mind on chance and the subjective
interpretation of events to the modern world of quantum mechanics, where the
reality of inherently random microscopic physical events includes the observer
as well as the observed. In both domains, what Jung refers to as the ‘‘hidden
individual quality of things and men’’ draws on the unconscious and intangible
qualities that undergird the experiences of the conscious mind and the tangible
physical world, respectively, in similar fashion to the conceptual framework
described in our paper, ‘‘A Modular Model of Mind/Matter Manifestation
(M5).’’(45) Both Jung’s representation and our own emphasize that the causal and
synchronistic perspectives of reality are complementary, rather than mutually
exclusive. Jung maintains that the ‘‘coincidence’’ of a synchronistic event occurs
‘‘because the physical events are of the same quality as the psychic events and
because all are the exponents of one and the same momentary situation.’’(44) Our
representation of this concept speaks of the emergence of both cognitive
experience and physical events from a common underlying substrate of the
unconscious mind and the undifferentiated world of physical potentiality,
wherein the distinction between mind and matter blurs into uncertainty. Given
their common origin, it should not be surprising to observe correlations between
their manifested expressions in the worlds of mental and physical ‘‘reality.’’ Just
as the concept of complementarity in quantum mechanics brings with it a certain
degree of uncertainty that makes it impossible to achieve absolute precision in
two frames of reference simultaneously, the complementarity of an ‘‘objective’’
causal picture of reality and a ‘‘subjective’’ synchronistic one also may
necessitate tolerance of a degree of uncertainty in both dimensions.

In many respects, the empirical evidence from remote perception, as well as
from other domains of anomalies research, is more compatible with an acausal,
or synchronistic, model than with a causal one. Although we have recognized
this in principle, our experimental approach and the language we have deployed
in describing the effects has betrayed certain causal assumptions. For example,
despite repeated comments from participants that the PRP experience felt more
like ‘‘sharing’’ than ‘‘sending and receiving,’’ we persisted in speaking of
information ‘‘transmission.’’ Similarly, our enduring efforts to extract the
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‘‘signal’’ from the ‘‘noise’’ also reflected a more deterministic orientation. Yet,
Jung’s model, the ancient divinatory traditions, evolutionary theory, contempo-
rary signal processing research, and human/machine anomalies all suggest that
noise may be a requisite component of the process of signal generation, and that
objective linear causality may not prevail under these circumstances.

If one defines ‘‘noise’’ in the remote perception context as the percipient’s
uncertainty, or lack of conscious knowledge, about the target, and ‘‘signal’’ as
the content of valid information acquired in the process, these diverse analogies
can be quite instructive. For example, the early experiments, wherein percipients
were asked simply to generate an unfocused, free-response stream of
consciousness, were in this sense more ‘‘noisy’’ than the later efforts, where
percipients’ imagery was guided by a more structured information ‘‘grid’’ or
‘‘filter’’ of descriptor queries. In those trials that were only encoded ex post
facto, the participants had no knowledge of the information filter that would be
imposed only well after the data were generated, and they seemed more easily
able to access information about the targets. In the first generation of ab initio
binary-encoded trials, when descriptor check-sheets were something of a novelty
and percipients were still urged to generate their free-response descriptions
before attempting descriptor encoding, the transcripts tended to be somewhat
shorter, but most of them still comprised a free-association type of narrative.
These trials also produced highly successful results, albeit of a somewhat
smaller average effect size. By the time of the later ab initio experiments,
however, when we had acquired greater confidence in the efficacy of the
analytical judging approach, less importance was placed on the raw free-
response data and this shift of emphasis was reflected in the abbreviated, even
cursory, percipient responses. In retrospect, it is apparent from the content of
these shorter transcripts that the percipients were anticipating the descriptor
questions and inadvertently focusing their attention on those particular aspects
of their experience. Although the intent of the quaternary, and then distributive,
descriptor questions was to relieve the participants’ sense of ‘‘constraint,’’ these
more complex forms of questions appear to have had the opposite effect, forcing
percipients to pay even more attention to the nuances of the information grid and
thus filtering out any signal that was not perceived to be ‘‘relevant.’’ In this way,
the background ‘‘noise’’ was reduced even further, and more structured
cognitive processes, associated with achieving internal consistency in what
had essentially become a forced-choice task, effectively restricted the flow of
unconscious imagery.

It is also telling that, until recently, this trend had not even been perceived as
a problem by the researchers. Typing 30 numbers into a computer was much
easier than the task of evaluating lengthy verbal transcripts, and the ability to
acquire a quantitative indication of the merit of an individual trial increasingly
replaced the spontaneous excitement of finding apparent correspondences in the
raw data. The shift in experimental perspective from predominantly subjective
to almost totally analytical was so gradual that little consideration was given to
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the possible costs of such a transition. For example, combination of the data
from the first and second phases of the ab initio experiments was justified solely
on technical grounds, with no serious consideration given to the implications of
a change from ranking the quality of a trial to measuring its specific information
content, other than the relative efficiency and statistical power of the two
approaches. The subsequent effort expended on refining the technical and
analytical components of the program, rather than on trying to understand what
the participants were really trying to tell us when they complained of feeling
‘‘constrained’’ by the descriptor questions, further exacerbated the overemphasis
on quantitative precision that ultimately may have suffocated the subtle, but
essential, subjective signal.

The larger effect size of the ‘‘instructed’’ vs. the ‘‘volitional’’ trials also
supports the importance of retaining an adequate component of noise or
uncertainty in the system. When percipients attempted to describe scenes chosen
by a random process that precluded utilization of any prior knowledge about the
agent’s habits or personal preferences, their perceptions contained a larger
component of anomalous information. In the volitional protocol, where one
might imagine a certain a priori advantage, percipients’ rational expectations
may have imposed yet another kind of information filter that inhibited the subtle
‘‘signal detection’’ process. In other words, the strongest ‘‘signals’’ appear to
have been generated under the ‘‘noisiest’’ conditions, i.e., in the absence or
minimization of any orderly or rational form of structural information. (It may
be interesting to note in this regard that approximately 66% of the ab initio
binary trials, 98% of the FIDO trials, and 77% of the distributive trials followed
the volitional protocol, whereas 53% of the ex post facto trials were instructed.)

One might even speculate that the overall success of these experiments
derives in considerable measure from the ‘‘irrational’’ nature of the remote
perception task itself. When requested to describe a spatially and temporally
remote scene without access to any known sensory channel, percipients are
forced to abandon any rational strategy for fulfilling such an assignment. With
cognitive functioning thus confounded by uncertainty, leaving the conscious
mind less able to mask the subtle signal with rational associations, the
unconscious mind of the percipient may better be able to access the ‘‘hidden
individual quality of things and men.’’

Although a degree of uncertainty may indeed be necessary for the generation
of remote perception effects, the complementary relationship between signal and
noise we are proposing nevertheless requires retention of a comparable
dimension of structure in the process. Recall, for example, that the early
exploratory trials, where percipients did not know the identity of the agent or the
time of target visitation, produced completely null results (Table 3). As in the I
Ching or other divinatory arts, where it is essential that the querant pose a clearly
defined question, the remote perception process also seems to require the
percipient to establish some minimal ‘‘boundary conditions’’ when addressing
the unknown target. If indeed such a process involves an excursion into the
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unconscious realm of undifferentiated potential in order to acquire specific
information, some corresponding specific question would appear to be
a prerequisite. To complement this facilitative function, some form of
quantitative assessment of the amount of anomalous information is indispens-
able if the study of remote perception is to qualify as a scientific enterprise.

To this end, we have proposed in several previous publications that a more
astute balance between the analytical and the aesthetic dimensions of such
phenomena needs to guide any future explorations of consciousness-related
anomalies.(32,45–49) In the article entitled ‘‘Science of the Subjective,’’(49) we
observed how ‘‘in the interplay of objective intellect and subjective spirit, we are
dealing with the primordial conjugate perspectives whereby consciousness
triangulates its experience.’’ This complementary relationship has now been
confirmed in the record of our remote perception research. That is, the
subjective spirit of these experiences appear to be more effectively attained
when unencumbered by analytical or cognitive overlays and its inherent
uncertainties are both acknowledged and utilized. However, the equally
important role of objective intellect must serve to enhance, rather than to
inhibit, the process and our eventual understanding of it.
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Appendix A

Local Descriptor Probabilities and Individual Performance

The scores presented in the summaries of Table 2 had been calculated using
the local a priori probabilities associated with each subset, following the same
procedure that had been deployed for all of the major analyses in the first phase
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of the analytical judging program.[25(Appx.C)] Those early explorations had
established that when the local a priori probabilities were used to score
a particular subset using a given scoring method, the empirical chance
distributions resulting for different subsets appeared to be statistically
indistinguishable. It thus had been concluded that a single empirical chance
distribution, namely the one resulting from the largest assembly of formal data,
could be used as a reliable reference standard for any subset, provided that the
subset’s trial scores were computed using its own local a priori probabilities.

Unfortunately, this uniformity of chance distributions is only approximately
correct. A re-evaluation of this technique illustrated a mechanism whereby
internal variations in the a priori probabilities among different subsets of the
database could potentially produce artificially inflated, or deflated, scores in the
matched-trial distributions relative to the off-diagonal population of mis-
matches. For example, a given percipient/agent pair might happen to share
a similar encoding style, such as a tendency to respond affirmatively to
ambiguous features, or particular preferences for certain descriptors, which
could result in their trials having responses that were more closely correlated
than those of the mismatched scores constituting the reference distribution.
Similar biases also might arise from geographical or seasonal variations, or other
possible causes.

Since the apparent indistinguishability of the chance distribution for a number
of large data subsets cannot be guaranteed theoretically, it is necessary to verify
empirically that the overall results are not in fact spuriously inflated by such
biasing mechanisms. The possible influence of idiosyncratic individual patterns
of a priori response probabilities in agent and percipient encoding styles was
examined using the data produced by the 29 agent/percipient pairs who had
contributed five or more trials to the composite database. (Collectively, these 29
pairs were responsible for 274 of the 336 formal trials.) The results of this test
for local biasing are shown in Figure A, which displays an array of traces for
these 274 trials, after the style of Figure 1. The individual plotted points are the
cumulative z-scores achieved by each of the 29 agent/percipient pairs based on
three distinct calculation methods. The ‘‘non-local’’ method calculates each trial
score using the a priori probabilities for the full formal database and computes
its z-score against the standard empirical chance distribution for the overall
database. In other words, this trace is simply the composite z-score assigned to
the subset of trials contributed by given agent/percipient pairs, extracted from
the results of the overall database of 336 formal trials. In comparison, the ‘‘local
alpha’’ score is derived by scoring each percipient/agent pair’s contributions on
the basis of its own internal a priori probabilities, but still referring these scores
to the overall empirical chance distribution. The ‘‘local distribution’’ calculation
removes all reference to global distributions, and along with it any possibility of
local-biasing effects, by scoring each agent/percipient pair’s data not only with
its own local a priori probabilities, but against its own local mismatch
distribution.
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With few exceptions, all of which are associated with very small datasets, the
three scoring strategies produce a reassuring degree of agreement, especially in
the composite yields. It is evident from Figure A that these three methods are not
statistically distinguishable, and that any inflation or deflation of the overall
effect due to local biasing is less than the inherent statistical uncertainty of the
scoring procedure. It therefore may be concluded that, within the limits of the
statistical resolution, encoding artifact is not a significant contributor to these
experimental results.

The rank-ordered effect sizes obtained by each of the 28 percipients and 15
agents who contributed more than one trial to the database were also examined.
Some 25% of the percipients, 40% of the agents, and 21% of the percipient/
agent pairs produced statistically significant overall results, whereas only 5% of
each group would be expected to do so by chance. All but two percipients and
two agents generated net positive effects, compared to the 50% chance
expectation, and of these four individuals, three produced positive results when
functioning in the alternate role. A separate data subset, consisting of only the
first trials from each of the 38 percipients contributing to the formal database,
was also calculated to examine the possibility that the composite yield might
have been distorted by large databases produced by any given percipient.
Despite the small size of this group of trials, the results display the same linear
consistency as the full database, achieving a highly significant composite z-score
of 3.890. Thus, it is also clear that the success of the overall results is not
attributable to exceptional performance by only a few participants.25
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ABSTRACT

A relatively strong literature describes anomalous effects in laboratory experi-

ments where human participants attempt to change the behavior of physical systems by

mental efforts. Parallel experiments show that information can be acquired about dis-

tant locations shielded from any normal access. Such research is considered as a

model for the general class of distant healing research, for which only a few direct and

well-controlled experiments are available. While there are important differences

between the laboratory and clinical research, certain commonalities also exist, and

these may help to illuminate mechanisms and advance understanding of the practical

applications.

Examples of experimental healing research are presented in the context of a sur-

vey of laboratory and field studies of of anomalous interactions of mind and machine,

studies of biological systems, and remote perception. A brief discussion of the

attempts to develop a theoretical background for the anomalies associated with

consciousness is followed by consideration of implications and possible applications.
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The Physical Basis of Intentional Healing Systems*

1. Introduction

The concepts which now prove to be fundamental to our understanding

of nature ... seem to my mind to be structures of pure thought, ...

the universe begins to look more like a great thought than a great machine.

James Jeans, in The Mysterious Universe (1)

As our depth of scientific understanding increases, the physical world reveals a

fundamental unity and interconnection that belies a surface appearance of mechanical

discreteness and separation. Predating modern physics by many centuries, the basic as-

sumptions underlying healing and medical traditions in most world cultures include an

intuitive recognition of physical wholeness or oneness and a view of the world as dee-

ply interconnected (2). Many alternative therapies draw from these traditions, sharing

the conviction that the mind can contribute directly to the healing process. While

mind and consciousness are not included explicitly in current physical models, a grow-

ing number of physicists are seeking ways to do so, motivated in part by a solid body

of experimental evidence that human intentions can transcend spatial and temporal bar-

riers (3, 4).

Alternative healing models and practices based on intentionality are difficult or

impossible to explain within the limits of contemporary scientific understanding. Inter-
_ ______________

*
This material is adapted from a chapter in Textbook of Complementary and Alternative
Medicine, Part I, Wayne B. Jonas and Jeffrey S. Levin, Eds., Baltimore, Williams &
Wilkins (in press).
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cessory prayer, shamanic healing, therapeutic touch, and distant healing all appear to

be capable of augmenting and hastening the healing process, but without any obvious

candidate mechanism. Other more conventional practices also are enhanced by poorly

understood complements such as the placebo effect or ‘ ‘positive thinking.’ ’ Although

underlying mechanisms for the alternative therapies remain elusive, there are some

shared elements: The common context includes the disorder prompting concern, and

the potential structure or information that is required to restore the system. The heal-

ing seems specifically to be a function of an intention to heal, and the intentional

modalities all share an effort to establish a connection or resonance between healer

and healee.

Some insight into possible mechanisms may come from an instructive literature

of experiments studying direct interactions of human consciousness with its environ-

ment, all of which share this set of common elements. Most of the experiments are

based on devices embodying some form of randomness or disorder and are designed

specifically to detect a transfer of information via the intervention of conscious inten-

tion. On a broader scale, in modern physics, there is an explicit interconnectedness at

the subatomic level that may be suggestive of similar subtle interactions and influences

among macroscopic physical systems. At the same time, chaos theory models the

capacity of subtle influences to evoke massive effects in natural systems characterized

by nonlinear dynamics, suggesting the functional equivalence of information and ener-

gy. Pervasive interconnections, conveying information and influence, eventually may

be seen to have a primary role in certain forms of intentional healing.

In support of this possibility, basic research in a number of laboratories over the

past few decades has provided an accumulation of scientific evidence that human
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consciousness and intention can alter the behavior of physical systems and access

physically isolated information in an anomalous manner. In these experiments, there

appears to be an information-bearing ‘ ‘nonlocal’ ’ connection of the consciousness to

physically and temporally separated people or devices that is analogous to and may

serve as a model for the anomalous and unexplained connections that are central to

many systems of healing. The laboratory findings that demonstrate anomalous interac-

tions of human consciousness with physical systems are persuasive, and in clinical ap-

plication, with its intrinsic importance and meaning, we frequently observe improve-

ments attributable to alternative and complementary practices, and occasionally see

healings that seem ‘ ‘miraculous.’ ’ Yet, we are only at the beginning of a search for

clear explanations. The value of laboratory research is that it can be designed with a

sharper focus on mechanism and understanding, whereas in real-world healing applica-

tions, the essential motivations necessarily must be toward the wellbeing of the people

involved. With intentional healing as a context, this chapter describes a body of exper-

iments exploring the relationship of mind and the physical world, and some rudimenta-

ry theoretical models attempting a reconciliation of anomalous effects of consciousness

with modern physics.

2. Experimental Healing Research

Objective evidence, documented more fully elsewhere in this text, is accumulat-

ing that healing and improvements in well-being occur as a result of interventions such

as intercessory prayer, non-contact therapeutic touch, and various forms of distant

healing (5). Two related questions arise immediately: ‘ ‘How do these procedures

work?’ ’ and ‘ ‘How can we improve them and increase their benefit to patients?’ ’ The

first implies a theory that explains mechanism and allows testable predictions. The
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second depends in part on the first, but also permits purely empirical extension via tri-

al and error and the accumulation of experience.

We have only intuitive and speculative ideas of the physical basis of alternative

and complementary healing. A number of informal models or theories serve as a help-

ful background against which practitioners work, but they typically are not amenable

to scientific study, although they pass a pragmatic test of usefulness by guiding the

procedures of healers. For example, in non-contact therapeutic touch, ‘ ‘energy’ ’ and

‘ ‘energy fields’ ’ are an important part of the descriptive language, even though no

measurement technology has been found to document a corresponding phenomenon.

The terms are acknowledged to be metaphors that are used effectively in training and

in the imagery employed by practitioners. More important aspects of the Therapeutic

Touch model are the explicit descriptions of ‘ ‘centering,’ ’ seeking ‘ ‘resonance,’ ’ and

holding the ‘ ‘intention’ ’ to help and to heal (6). In intercessory prayer there is an invo-

cation of an external source by most practitioners, an effort to access a higher power,

with the prayer acting as a channel for its application (7). Notably, there is again a

central role played by a ‘ ‘healing intention’ ’ to focus and manifest the healing power.

Similarly, in the distant healing methodology taught by LeShan (8), the healer seeks

‘ ‘oneness’ ’ with the universe and thereby with the healee, and there is a well-defined

set of exercises designed to promote this state. The state of oneness is conceived as

providing an opening or channel for communication of the healer’s intention.

These examples, and virtually all of the class of alternative healing modes that

function without apparent physical connection or mechanisms, share the common ele-

ments of a healing intention and a sense that some form of resonance may establish a

channel for communication of that intent, even though they may differ considerably in
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other aspects of their definition or conduct and in their tentative theoretical explana-

tions. Laboratory research on the direct interaction of human consciousness with the

physical environment, and related research on the anomalous communication of infor-

mation across spatial and temporal separations, address the same issues at a fundamen-

tal level. These relatively simple experiments are analogous in principle to various as-

pects of healing work, and studies with such systems may provide an effective ap-

proach for learning more about the conditions that are conducive to healing and work-

ing toward explanatory models.

3. Anomalous Interaction Research

Over the past 60 years, a scientific enterprise addressing possible extraordinary

capacities of human consciousness such as telepathy and psychokinesis has progres-

sively matured into a set of experimental designs with excellent controls and a high

degree of replicability. The advent of computer technology, together with long years of

experience and critical assessment, has produced a class of experiments that are reli-

able and capable of producing large databases exploring a spectrum of physical and

psychological parameters. We will examine a small number of these experiments in

some detail and supplement this necessarily limited survey with summaries of other

relevant material including recent meta-analyses that address the quality of the research

as well as its overall weight of evidence.

3.1. Mind/Machine Experiments

One of the most extensive databases available for our purposes has been produced

in the Princeton Engineering Anomalies Research (PEAR) laboratory (9). This program

was established in 1979 by Robert G. Jahn, who was then dean of Princeton
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University’s School of Engineering and Applied Science. The research program has

focused on two general classes of experiments and the iterative development of a

theoretical framework for refining the experiments and eventually explicating the

results.

In a set of experiments addressing anomalous interactions with physical devices,

human operators are assigned an operationally defined mental intention to influence the

performance of various machines whose outputs are controlled by some sort of random

process. The research program has explored electronic, mechanical, optical, and fluid

dynamic sources, at both microscopic and macroscopic scales. By far the largest com-

ponent of the program is a series of experiments with microelectronic random event

generators (REGs) that produce a sequence of random binary events — 1s and 0s —

that are accumulated and automatically recorded as ‘ ‘trials’ ’ while the operator at-

tempts to influence the outcome to higher or lower values. Most simply put, REG ex-

periments are much like asking someone to produce more heads, or more tails, while

flipping an unbiased coin. Electronics and computer technology allow this conceptual

coin-flipping to proceed at high speed, with extremely reliable and accurate counting.

It allows immediate and powerful feedback on performance, thus providing informa-

tion and motivation potentially useful for improving performance. It also allows the

accumulation of very large numbers of trials and the accompanying statistical power to

distinguish an effect that is very small from background noise.

Although other sources of randomnicity, including radioactive decay rates and

pseudorandom algorithms, may be employed, the benchmark experiments use a com-

mercial, microelectronic random noise source designed for critical applications in

government and industry. High quality electronic components and failsafe designs en-
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sure that samples from this ‘ ‘white noise’ ’ source are truly random, forming an in-

dependent and unpredictable binary sequence. Extensive local calibration tests are

made to verify that the equipment performs as expected, and that the data conform to

the appropriate theoretical statistical models.

A trial in the REG experiment is defined as the sum of 200 bits from the random

sequence, resulting in an expected trial value of 100, with variance 50. A pre-

specified number of such trials (typically 1000) is generated in each of three conditions

of intention for a replication of the basic experiment, which takes about an hour to

complete. The participant’s instructions are to think about and mentally intend or wish

for the REG to produce bit sequences with means higher or lower than chance expec-

tation, or to generate baseline trials. In its basic form this is a very simple experiment,

with a null hypothesis that these three conditions will produce indistinguishable

results, given that the only difference among them is a mental state — the intention.

The contrasting experimental hypothesis is that the high and low intentions will corre-

late with deviations of the nominally random sequence.

Over a period of 12 years, 108 individual operators accumulated 1262 experimen-

tal replications comprising over 5.6 million trials assessing the effect of operator inten-

tion, along with the effects of various secondary parameters, such as individual differ-

ences among the operators, location of the operator, type of random source, type of

feedback, length of runs, and changes in the effect over time (10). The integrated or

cumulative deviation of the results from chance expectation in the full database is

displayed in Figure I.2.1. Analysis of variance shows a strong correlation of

anomalous results with operator intentions, with a probability against chance of ap-

proximately 2 × 10−5. While the correlation of results with intention is relatively con-
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sistent overall, detailed examination reveals an internal structure that is dependent on

some of the other parameters. The high statistical significance is associated with an

overall effect size on the order of a few parts in 10,000, ranging up to a few parts in

1000 for certain data subsets. There is a significant difference among the operators

that is suggestive of individual performance ‘ ‘signatures,’ ’ primarily due to certain in-

dividuals who are consistent over many replications, although they do not generate ex-

traordinary effect sizes. When two people co-operate in the experiment, the effects are

larger than those for individuals if they are an opposite-sex pair, especially if they are

a ‘ ‘bonded’ ’ couple, but same-sex pairs thus far have shown small, nonsignificant ef-

fects (11). Interestingly, the co-operator results are not a simple combination of indivi-

dual effects, but instead apparently are characteristic of the pair.

It is especially noteworthy that the local and remote databases (with the operator

up to thousands of miles from the device) show similar patterns of interaction with in-

tention, and exhibit virtually identical effect sizes, suggesting that the anomalous

correlations in this experiment are insensitive to separation between the person and the

machine. A small subset of these remote trials also is offset temporally by times rang-

ing up to 48 or more hours, with the operator giving attention to the experimental in-

tentions before or after the data actually are generated. Again the correlation with in-

tention persists, and the size of the effect is undiminished (12).

The PEAR REG research does not stand alone, but is one program among many

that replicate seminal work by Helmut Schmidt (13, 14). A meta-analysis published in

1989 (15) found 597 related studies by 68 investigators over a period of 30 years. The

composite database showed an essentially constant effect size over the years, unaffect-

ed by a significant increase in the rated quality of the experiments. The overall effect,
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while very small, showed a 15-sigma deviation from chance expectation.

The experimental designs and analyses in this research paradigm incorporate ex-

tensive contributions from skeptical and professional assessments of previous research.

They specifically exclude various conventional or artifactual explanations for the devi-

ations from chance expectation, including machine bias, informed optional stopping,

data selection, selective reporting, and cheating, leaving firm evidence for a broad ar-

ray of operator-specific anomalies in experiments of this class.

3.1.1. Field REG Studies

Capitalizing on miniaturized electronics, REG devices have been brought out of

the laboratory for ‘ ‘field’ ’ studies, in which the REG appears to respond to coherence

or resonance in groups of people. Ten applications in a variety of settings ranging

from business meetings to religious ceremonies show a composite deviation with a

probability against chance of 2 × 10−4 (16). The strongest effects appear when the

groups become emotionally or cognitively coherent and share a group identity or reso-

nance, and especially striking cases tend to have some unifying thematic or ceremonial

aspect. For example, the most consistent anomalies among the ten applications are

found in a long series of recordings at ritual gatherings of a pagan religious group.

Although this is a new area of study, other investigators have done closely related

work. For example, Radin and colleagues have correlated the anomalous behavior of

REG devices with very large-scale cultural activities such as the concentration of at-

tention on live TV broadcasts, especially major events such as the Academy Awards.

In studies more directly related to healing applications, they have found significant

correlation of REG deviations with rated levels of group coherence produced during

training workshops for an alternative therapy called Holotropic Breathwork (17).
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Despite their relatively short history, these studies help to triangulate the evidence

that consciousness can directly interact with its environment, and they suggest that

bonding or resonance among individuals may create an efficacious group conscious-

ness. They corroborate, as well, the indications that consciousness effects are

nonlocal.

3.1.2. Biological System Studies

The mind/machine experiments have some strong parallels to the healing para-

digm, as discussed earlier, but there is an even closer analog in a small literature of

otherwise similar experiments that use biological systems as the target of intention. A

number of investigators have studied the effects of conscious intention by unselected

individuals and by healers on various living systems. For example, Nash showed that

the growth rate of bacteria could be influenced by conscious intention in controlled

double-blind studies (18). Grad watered seeds with saline solution that had been either

‘ ‘healed’ ’ or not, and in a careful, double-blind design, found that the healed seeds

were more likely to sprout and grow successfully (19). In a series of studies using

mice, Grad and colleagues showed that dermal wounds healed significantly more rapid-

ly when treated by healers, in experiments that controlled for artifacts such as extra

warmth from the hands (20). Braud found a highly significant reduction attributable to

the effect of intention in hemolysis rates of the participant’s own blood cells held in a

saline solution (21).

Still closer to clinical research are studies that examine whether physiological

measures in humans might be susceptible to distant influence. Dean and Nash found

that vasomotor activity measured by plethysmograph increased when an agent in

another room attended to names of emotional importance to either the agent or re-
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ceiver (22). Autonomic nervous system activity was addressed in studies reviewed by

Braud and Schlitz, where skin conductance was measured in the target person while an

influencer in a separate room sent calming or activating thoughts and wishes (23).

These investigators also operationalized the notion that we can ‘ ‘feel’ ’ someone staring

at us by setting a video camera to show the target person on a monitor to a distant

starer. Simple physiological measures showed significant and characteristic variation

during the staring periods, compared with randomly interspersed controls (24).

These biological system studies have been replicated by independent researchers,

and they are a promising avenue of research that lies between the mind/machine exper-

iments and direct clinical studies with human patients. It is important to note that

these studies, which are quite analogous to the mind/machine research, have consider-

ably larger effect sizes. This could suggest that the mechanisms are fundamentally dif-

ferent, but it may be that biological systems are inherently more amenable to subtle

influences, or it may be easier for consciousness to interact or resonate with a living

organism where the task seems more relevant and important.

3.2. Remote Perception

The second major component of the PEAR program is an experiment in remote

perception which involves two people, one called the ‘ ‘agent’ ’ and the other the

‘ ‘percipient.’ ’ The agent visits a location and spends about 15 minutes emotionally and

cognitively immersed in the scene in an effort to provide a link for the percipient, who

at a different location attempts to envision or imagine the scene. The targets may be

chosen randomly from a pool prepared by a third person, or, alternatively, when an

agent is traveling on an unknown itinerary, a target can be selected by prespecifying a

date and time for a trial, and accepting the agent’s location at that time as the target.
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The percipient freely describes his or her impressions of the target, and both partici-

pants are encouraged to make notes and sketches (the agent may take photographs).

Finally, both are required to answer a set of descriptor questions which provide data

for a quantitative evaluation.

Space considerations preclude giving illustrated examples, but the remote percep-

tions sometimes bear a striking resemblance to the target. The information most often

is global and holistic rather than analytically precise, though there are occasional ex-

ceptions where the description is remarkably detailed. For example, in one case a per-

cipient wrote of ‘ ‘Rocks, with uneven holes, also smoothness; height; ocean — dark,

dark blue ... a lighthouse? — tall structure — round with conical roof; high windows

or window space with path leading up to it; or larger structure similar to a castle ...’ ’

Beyond this allusive description, an accompanying sketch shows a castle abutment.

The target was the ruins of Urquardt Castle on Loch Ness in Scotland, and the

percipient was in New York, some 3500 miles away. The description was generated

14 hours after the target visit.

A percipient in Wisconsin described ‘ ‘... Some kind of circular shape. Almost

like a merry-go-round or a gazebo. A large round thing. It’s round on its side, like a

disk, it’s like a round thing flat on the ground, but it seems to have height as well.

Maybe with poles ... Water again. Some quick impression of a fence, a low fence ...

steps sort of lead up to like a path or walkway. Like a boardwalk. And there’s a

fence along it. There’s people walking along it, and there’s vertical lines along that

walkway...’ ’ This is part of a nearly pictorial description of a tower restaurant near a

bridge on the Danube river in Bratislava, Czechoslovakia, more than 5000 miles away,

and the perception was recorded nearly 24 hours before the agent visited the scene.
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Occasionally there are startling details, as in one curious case where the agent

forgot the trial and did not go to the assigned, randomly chosen target. At the ar-

ranged time the agent was visiting an artist’s studio that previously had been a tile fac-

tory, where a prominent work in progress was of an Archbishop in full regalia, includ-

ing his ‘ ‘shepherd’s crook’ ’ (its proper name was unknown to the agent). The perci-

pient accurately described a large, vine-covered, red brick building cluttered with

unique and interesting objects, including many sculptures, and mentioned someone

holding a ‘ ‘crozier’ ’ — the shepherd’s crook.

Of course not all the perceptions are so impressive, and in some cases there is no

detectable resemblance between the percipient’s response and the nominal target, but

the trend toward apparently accurate perception is borne out by the objective analyses

(25). The primary goal in this research program has been to develop a sophisticated

analytical methodology to replace the human judging process, and thereby to facilitate

more precise quantitative assessment of results and their correlation with various ex-

perimental parameters (26). Both participants answer the same set of 30 binary

descriptor questions asking, for example, if the scene is hectic or calm, if straight lines

or curves predominate, if height or depth is important, etc. Using these, an algorithmic

comparison is made of the perception with the target as encoded by the agent at the

scene or with an encoding by the person who prepared the target pool. The analysis

proceeds by constructing a square matrix of scores calculated by comparing each per-

ception against all targets in the given dataset. The properly matched trials (on the

main diagonal of the matrix) are evaluated by comparison with the distribution of off-

diagonal, mismatched scores, and a robust statistical score can be calculated to

represent the anomalous information transfer in the matched target/perception pair.
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The total database of 336 formal trials, shown in Figure I.2.2, provides highly

significant evidence that information is acquired by the percipients, with a composite

Z -score of 6.36, which corresponds to a chance probability on the order of 10−10.

Comparison of subsets reveals that the overall yield is an accumulation of small con-

tributions from the majority of the participant pairs, rather than from a few outstanding

efforts. Most of the variations, such as the method of choosing the target or the par-

ticular scoring algorithms used, do not affect the scoring level significantly. Again,

the most striking finding relevant to our purposes is parametric evidence that the de-

gree of anomalous information transfer is unaffected by spatial and temporal separa-

tions. Regression modeling establishes a significant mean shift, but provides no evi-

dence for a decline of scoring with increasing distance, up to several thousand miles.

Similarly, there is no evidence that scoring is related to positive or negative temporal

separations of the perception effort and the target visit, up to as much as a few days.

As with the REG studies, the results in this experimental program are quite con-

sistent with those in independent but related research by other investigators. A

comprehensive assessment of a long-term, government-funded program at SRI Interna-

tional and SAIC, using much the same experimental approach, shows similar overall

results and statistically equivalent effect sizes (27, 28). A laboratory variation called

the ‘ ‘Ganzfeld’ ’ experiment uses a soundproof room and reduced sensory stimulation

for the percipient (receiver), while a sender in an isolated room views pictures or

video clips that the receiver attempts to describe. Typically, the target is one of four

selected randomly from a large pool, and the average success rate of the percipients in

matching their experience with the correct target is about one in three. More detailed

analyses show differences among subgroups, including evidence that artists and musi-

cians may be especially successful, with scoring rates as high as 50%. A meta-
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analysis of these experiments shows an overall ‘ ‘hit’ ’ rate of 34%, while the chance

expectation is 25% (29).

4. Theoretical Background

There are no widely acknowledged theoretical models to explain these laboratory

results, but a number of serious efforts have been made. Probably the most frequently

invoked mechanism in models attempting to explain intentional healing is some form

of energy, in fairly explicit analogy to the familiar energies of sound, heat, light, and

other electromagnetic fields. As a metaphor, ‘ ‘energy’ ’ is part of the lore and wisdom

of various anomalous healing modalities, but it is difficult to find descriptive detail or

any objective measures. When there is detail, for example in descriptions of auras, it

appears to be uniquely experiential and subjective. The term ‘ ‘subtle energy’ ’ is wide-

ly used, but on close examination, it appears to be a label for a variety of anomalous

observations and does not have a clearly specified or generally accepted physical

meaning (30). For proximate healing interventions such as Therapeutic Touch or

Laying-on-of-hands, electromagnetic or chemical fields seem reasonable as potential

mediators, but for any of the intentional healing modalities that transcend space and

time, conventional energy-based models are inadequate.

There is good evidence that the anomalies studied systematically in the laboratory

cannot be accommodated in models that depend on mechanical, thermal, or elec-

tromagnetic physical energies, including those generated by the human body and ner-

vous system. The effects are not diminished by distance, whereas physical fields typi-

cally manifest a characteristic decrement in proportion to distance, and the anomalous

interactions seem not to be prevented by any form of shielding, while most physical

energies can be readily deflected or absorbed. Most difficult for energy-based theories
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to accommodate are the laboratory findings that indicate anomalous influences may

traverse temporal barriers.

How can separated bodies or systems with no connection, nothing between them,

become a single interacting system? Modern physics offers several intriguing possibil-

ities. For example, quantum theory suggests that physical systems are accurately

described with wave functions that are fully probabilistic, and remain undefined until

an observation is made, resulting in a ‘ ‘collapse’ ’ of the wave function into specific

eigenfunctions. The standard example is Schroedinger’s famous cat, whose fate is

determined only when we open the box to observe whether it is alive or dead. Simi-

larly, some theorists suggest that the results of an anomalies experiment are deter-

mined only when an observer collapses the wave function describing a range of real

but unmanifested possibilities, including those so unlikely that they are characterized

as anomalous (31, 32). The concept of the zero-point field suggests that the physical

vacuum and all interstitial ‘ ‘space’ ’ is filled with fluctuations of potentially interacting

fields. The quantum fluctuations of virtual and real particles give rise to interference

patterns that specifically link separated submicroscopic particles, and this, in turn, im-

plies a functional interconnection on larger scales (33, 34). A consequence of this

quantum inseparability is that physical systems exhibit a quality of wholeness, as sug-

gested in Bohm’s work (35). While not explanatory in a mechanistic sense, such

models bring consciousness into the picture with an efficacious role. They suggest

that we, as observers, are a necessary ingredient in the determination of physical

reality.

Extensions of this modeling approach consider more directly the information

theoretical aspects of anomalous interactions. In a version of quantum theory that em-
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phasizes the interconnection and wholeness of the physical world, Bohm describes a

particular form of ‘ ‘active’ ’ information that is potentially present everywhere, but

which is active only where it is meaningful (35). Thus, a healing intent may be avail-

able as an information resource having nonlocal, universal extent, with the need for

healing providing the meaning, and hence the resonant channel, through which the in-

formation becomes active.

Taking consciousness as a form or manifestation of information, Jahn and Dunne

suggest a metaphoric extension of quantum mechanical principles into the conscious-

ness domain (3, 36). Consciousness is regarded as both particulate and wavelike, in

analogy with quantum mechanical descriptions of matter and energy. In its nonlocal-

ized, wavelike manifestation, it is unbounded and can penetrate barriers and resonate

with other consciousnesses and the environment, thereby acquiring or inserting infor-

mation that is unique to the interacting system. Based on this metaphor, Jahn and

Dunne suggest possible mechanisms for anomalous influence. For example, they in-

voke the quantum mechanical principle of indistinguishability to help understand bond-

ing. When molecules are formed from atoms, the constituent elements lose their identi-

ty and from this loss a classically anomalous ‘ ‘exchange force’ ’ results, producing a

strong covalent bond. Analogously, through a sacrifice of conscious individuality, a

unifying resonant bond may be established with another consciousness or a physical

system, allowing the acquisition or insertion of information. Viewed as an influence of

one system on another, this would be anomalous, but in a coherent, unified system, in-

formation is distributed throughout. The merging of subjective identities with each

other, or with the environment, enables the transfer of objective information manifest-

ing as coherence between previously separable constituents, yielding a total system

within which entropy is reduced (37). While these suggestions may seem abstruse, the
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fundamental principles are parallel to those involved in common interactive experi-

ences such as falling in love, or creating a work of art, or enjoying the beauty of a

sunset.

5. Applications and Implications

It is not difficult to envision mechanisms for self-healing through meditation, im-

agery, and positive thinking, because the mind and body are directly linked in an enor-

mously complex network of neurophysiological and biochemical interactions. Mental

states such as an intention to be healthy or to get well are an intrinsic addition to the

information that shapes and controls the physical and chemical interactions, helping to

promote a restoration of balance and appropriate structure where an injury or illness

has interfered with normal, well-ordered functioning.

The research on anomalous interactions provides intriguing evidence that a nonlo-

cal intervention such as intentional healing may contribute similarly to the continuing

exchange of information that is essential to maintaining the integrity of living systems.

The experiments show persuasively that anomalous effects occur across significant spa-

tial separations, although we must acknowledge that the effects are very small when

we consider applications; it is unlikely that a practical garage door opener or TV re-

mote control will be built soon to take advantage of these findings. On the other hand,

such devices are at the simple end of a spectrum where biological systems and cons-

ciousness define a much more complex opposite pole. Living bodies, with homeostatic,

immune, and nervous systems that epitomize the realm of applied nonlinear dynamics

are intrinsically susceptible to influence from small inputs and are able to identify and

amplify the most subtle of inchoate patterns and information. Biological systems util-

ize random processes and uncertainty to maintain the highest level of sensitivity to



- 21 -

subtle changes in the environment. They are reactive on the finest scale to information

that reduces entropic disorder and provides an increment of structure and predictabili-

ty, yielding a stable internal milieu and successful interaction with the environment. In

this context, we see that healing a wound or recovering from an illness is dependent

upon the generation or addition of appropriate information to help restore order and

structure.

Long-range interactions between antibody and antigen, and enzyme and substrate

suggest nonlocal effects and fields that process and utilize structuring information at a

fundamental level. Healing cascades that are beginning to be well characterized in

ongoing medical research illustrate the hypersensitivity of biological systems to infor-

mation and may be especially productive targets for anomalous healing research in-

volving direct assessment of quantity and efficiency in the production and transport of

inflammatory mediators. When a wound occurs, a highly specific recruitment process

begins as the cut disrupts the structure and spacing of endothelial cells in vascular tis-

sue, resulting in the production of chemotaxic endothelial attractors, lymphokines, and

platelet activating factors. These bring to the wound precisely the required mediators

for the healing process, including white cells, lymphocytes, and neutrophils (38).

Thus, the healing is a function of a structured chemotaxic field that induces a spatially

distributed cascade of production and transport, in a process that intrinsically is very

sensitive to small informational influences of the order of those found in anomalies

research. Such intrinsic functional sensitivities may be the matrix that allows intention-

al healing to operate across time and space by means of an anomalous acquisition or

transfer of information. Of course this anomalous healing information constitutes only

a part of the healing process, but a growing body of high quality controlled studies (5,

7, 39) strongly indicates that it can be an important, potentially crucial element in
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health maintenance and in the illness recovery process.

The experiments we have reviewed show that human consciousness can affect

physical systems by imparting information directly, bypassing the usual physical

mechanisms, and that information may be communicated over vast distances and

across temporal barriers. As Jahn suggests, discussing the relationships of information,

consciousness, and health, ‘ ‘[The] anomalous phenomena we have been studying may

be an indicative microcosm of a much broader genre of human capacity — the capaci-

ty to create, to order, to heal.’ ’ (37)

An injury or disease manifests as a disturbance or disorder in a system that, when

healthy, is magnificently structured and orderly. It is, on the other hand, so complex

that its function at the fine scale is beyond our full scientific understanding, as in the

extraordinarily precise homeostatic control of the body, or in the exact mechanisms of

mending and regeneration when we are injured, or in the creation of ideas. When there

is a disruption, and healing is required, the need is for additional order, the infusion of

information. Of course consciousness is nothing if not a manifestation of information,

and in its creative and structuring capacities, it is ideally suited as a reservoir for the

processes that sustain and restore health and wellbeing.
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Fig I.2.1 Figure Caption

Fig. I.2.1: REG experiment. The dotted curve shows the cumulative deviation of results
from expectation (horizontal dashed line) in the direction of operator intention. The solid
curve shows the locus of the one-tailed 0.05 probability for so large a deviation as the
database size increases.

Fig. I.2.2 Figure Caption

Fig. I.2.2: Remote perception experiment. The dotted curve shows the cumulative devi-
ation of the trial Z-scores from expectation (horizontal dashed line). The solid curve
shows the locus of the one-tailed 0.05 probability for so large a deviation as the database
size increases.
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ArtREG: A Random Event Experiment Utilizing
Picture-Preference Feedback
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Abstract—An experiment addressing anomalous human/machine interac-
tions utilizing a feedback display of two competing pictures, the relative
dominance of which is controlled by a microelectronic random generator, has
yielded a number of equivocal results. On the one hand, an ingoing hypothe-
sis that such a visually engaging mode of feedback might facilitate larger
anomalous effects has not been supported by the composite results of 49 op-
erators performing some 390,000 experimental trials. Likewise, a smaller ad
hoc study of the relative efficacy of a subset of target pictures having reli-
gious or spiritual themes, although yielding effect sizes comparable with ear-
lier random event generator (REG) data, has insufficient statistical power to
resolve the question. Also, an attempt to assess the relative importance of the
pictorial feedback, vis-à-vis the output of the REG, per se, in facilitating op-
erator performance has not been definitive. Yet, certain secondary anomalies
in these databases, such as gender disparities, individual operator perfor-
mances, and serial position effects, show several characteristics akin to those
previously found in other human/machine experiments in this laboratory.
Whether these indicators can be used to develop more effective experiments
of this class or to achieve a more fundamental understanding of the basic phe-
nomena is the focus of ongoing research. 

Keywords: random event generator (REG) — random event experiments —
human/machine anomalies — visually engaging feedback

Introduction

Two decades of rigorous empirical study of the interaction of human operators
with microelectronic random event generators (REGs) in this laboratory have
consistently yielded small but statistically significant anomalous departures
from chance behavior that correlate with the prestated intentions of the opera-
tors (Jahn et al., 1997). These effects, however, have proven remarkably in-
sensitive to any of the attendant physical parameters so far explored, such as
data set sizes and acquisition rates, nature of the random physical sources, and
spatial and temporal separations of the operators from the functioning equip-
ment (Nelson et al., 1999). What secondary correlations have been observed
tend to be of a more subjective nature, relating to the individual operator gen-
ders, preferences, strategies, reactions to the feedback, and feelings of reso-
nance with the devices. In an effort to exploit these intangible correlates to
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yield larger anomalous effect sizes, a group of related experiments have been
designed and implemented wherein the feedback provided the operators, and
in some cases the random physical processes themselves, have more aestheti-
cally engaging visual or auditory properties than the standard REG experi-
ments. Examples include a large crystal pendulum, a bubbling water fountain,
a randomly impacted Native American drum, a mobile robot, and, in the study
reported here, a display of two competing pictures superimposed on a CRT
screen. It was hypothesized that experiments that offered such aesthetic ap-
peal to the operators would enhance their sense of resonance with them, and
thereby enable larger deviations from chance behaviors.

Experimental Design, Protocol, and Analysis

In this article, we shall review the results of several years of experimenta-
tion with a target device termed “ArtREG,” wherein two attractive pictures
compete for dominance on a CRT screen. To achieve this presentation, the
screen is illuminated by a field of 640 480 = 307,200 pixels, each of which
may correspond to either of the competing illustrations, which are drawn from
a library of 24 arbitrarily selected paintings, photographs, and designs previ-
ously scanned and digitized (Appendix A ). The relative fraction of pixels cor-
responding to each of the two pictures is controlled by a small REG unit based
on microelectronic Johnson noise (Nelson, Bradish, and Dobyns, 1992), in ac-
cordance with a software recipe that uses the cumulative deviation of the REG
digital output from the chance mean. More specifically, the REG output is col-
lected in trials of 200 sample bits, and the compounding difference of the trial-
mean values from 100 is used to determine the fraction of pixels illuminated
by each picture, as described more fully below.

The formal experimental protocol, which evolved over a period of informal
preliminary experimentation (Appendix B), calls for the operator to examine
the library of available pictures and select two for the competition. At the start
of each experimental run, these appear superimposed on the screen in equal
prominence, after which the balance evolves in accordance with the progress
of the REG output. The goal of the operator is to bring one of the pictures into
full or at least partial dominance, in accordance with a prerecorded intention.
(In one popular variant, the operator may choose only one picture, to compete
with a multicolored random pixel illumination, so that the chosen image ap-
pears to be sharpening from, or diffusing into, a random noise background.)
When saturation by either picture occurs, or if 250 trials have been compound-
ed without saturation, the run is terminated, the results are recorded, and a
subsequent run is initiated using the same or the opposite picture preference.
Runs are generated until 2,000 trials (400,000 bits) have been accumulated,
comprising one experimental series, or session. Operators are constrained to
use the same pair of pictures throughout a given session, but the picture pref-
erence is optional for each run.

In an effort to focus the operators’ attention solely on the visual display,



rather than on the REG output per se, a pseudorandom algorithm determines
whether the emergence of the preferred picture on any given run will be asso-
ciated with higher or lower deviations of the REG output from its chance ex-
pectancy of 100. Because this assignment is not revealed to the operators, they
remain blind to the directional criterion that determines the success or failure
of a desired run outcome. In this sense, ArtREG protocol differs substantially
from that of standard REG experiments, where the feedback presented to the
operator directly reflects success or failure in achieving the desired intention
to produce higher or lower electronic counts. By keeping the assignment blind
in the ArtREG experiment, it was hoped to determine whether the visual feed-
back or a more direct coupling of the operator’s intention to the REG process
itself was the more important factor in enabling operator performance.

Data thus are processed under two complementary criteria: success on cho-
sen pictures and success on high or low deviations of the REG trial means. Be-
cause the algorithm determining high or low assignment ensures that each se-
ries contains equal numbers of trials (1,000) associated with each direction,
the high/low analysis in ArtREG is directly comparable to that employed in
the benchmark REG experiments, even though in this case the data are pro-
duced under “double-blind” conditions. Several other possible correlations
also are explored in the data assessm ents, e.g., the effectiveness of particular
pictures or picture combinations, run-level versus series-level success,  and
operator gender disparities.

Results

The formal ArtREG database consists of 195 series, or sessions, comprising
390,000 trials, generated by 49 volunteer operators: 21 males (98 series) and
28 females (97 series). Their results are summarized in Tables 1 through 4,
which show the number of completed series (NS); the number of “successful”
series (SS ) where the average results were consistent with intention; the total
number of runs (NR); the number of successful runs (SR); and the overall mean
shift ( ), standard error ( s ), and Z score for each operator. As displayed in the
first column of Table 1, of the total of 3,597 runs, 1,798 were partially or com-
pletely successful and 1,799 were not. Using a theoretical standard deviation
for the binary expectation of success,  s = (.25N )1/2 = 29.987, yields a totally
insignificant bottom-line Z score of  - 0.0167. The next four columns display
the correlations of successes with the high and low REG drivers of the pre-
ferred pictures and with the gender of the operators. The last four columns fur-
ther subdivide the results into high-driven and low-driven runs by males and
females, respectively. Clearly, none of these sets or subsets displays any
anomalous statistical character at this level, with the possible exception of the
marginal disparity between male and female results on the low-driven pictures
(Zdiff = 1.687), which probably can be discounted on multiple-test grounds.

Operator-specific representations of the results are presented in Tables 2
and 3 in the form of individual male and female achievements on complete ex-
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perimental series, again segregated in terms of high-driven versus low-driven
trials. At the bottom of each table are listed the sums of 2 values over the op-
erators and the corresponding probabilities that the distributions are chance.
Also included are the aggregate totals of series performance by the operators.
Table 4 compounds the 2 and series performance results over all operators.
Again, there appears to be little of statistical interest in any of these composite
indicators, but despite the overall low yield of the total database, more de-
tailed examination reveals a few potentially instructive features. For example,
11% of the database consists of single series generated by 45% of the opera-
tors. Seventeen of these single-series databases, or 74%, yield positive results
in the combined high–low data (Z = 2.558).

As an alternative representation of the individual operator data, Figure 1
displays the fraction of successful runs achieved by each as a function of data-
base size, in units of (NR)1/2, on which are superimposed the loci of one stan-
dard error confidence limits. The use of different symbols for female and male
operators helps to illustrate the gender differences appearing in these data.
Figure 2 is a similar representation in terms of individual operator effect sizes,
in units of Z score per series.

Correlation of operator success  with particular pictures is somewhat com-
plicated by their use in pairs; that is, while one might endeavor to search for a
relative picture-effectiveness distribution that compounds uniformly over all
competing pictures, because these are selected at will by the operators, the full
competition matrix is far from uniformly populated. Nonetheless, some indi-
cations can be extracted. Table 5 lists the overall success ratios for each of the
24 illustrations (displayed in Appendix A) when used as the preferred target,
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TABLE 1
Overall Run Score Summaries

MRL†

Subset NR SR NR – SR Z-Score* (Suc./Tot.)

All 3,597 1,798 1,799 –0.017 107/108
Male 1,792 879 913 –0.803 109/109
Female 1,805 919 886 0.777 106/108
High 1,773 895 878 0.404 109/110
Low 1,824 903 921 –0.421 106/107
HighM 885 448 437 0.370 110/111
LowM 907 431 476 –1.494 108/108
HighF 888 447 441 0.201 108/109
LowF 917 472 445 0.892 105/106

NR = number of runs
SR = number of successful runs
NR - SR = number of unsuccessful runs
*Z = (2SR - NR )/[(NR )1/2]
†MRL = mean run lengths (0–250 trials).
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regardless of its competitors. Listed are the ratios of successful runs (S/N)
achieved using the picture as a preferred target, along with the corresponding
Z scores, for all operators, men alone, and women alone. Also listed in the
composite portion of the table are the number of successful runs that saturated
compared to the total number that saturated (Sat. ), and the average number of
trials per run for the successful runs, compared to the average number for all
runs (ts/tt). Once again, the bottom-line results are indistinguishable from
chance, as are the 2 goodness-of-fit tests. Figure 3 illustrates the relative suc-
cesses of the pictures in graphical form.

Table 6 and Figure 4 display lists of the operator achievements under the
modified protocol that uses the random noise pattern, rather than a second il-
lustration, as the competitor to the chosen picture. Clearly, there is no indica-
tion that this modality is any more effective than the two-picture version in en-
abling the intended anomalous achievements.

Ad Hoc Experiments

In an admittedly a posteriori effort to explore possible causes of the appar-
ent failure of this experimental concept, it was noted that a particular subset of
the target pictures seemed to facilitate disproportionately good performances.
These images could crudely be subsumed within a category of religious, mys-
tical, or symbolic patterns, labeled as follows: (1) Anubis; (2) Apache; (3)
Wave; (7) Mask; (8) Bear; (9) India; and (11) Egypt. Specifically, this subset
yielded 521 successful runs out of 961 (54.2%), with a corresponding Z score
of 2.613. A similar correlation was found within the single picture versus ran-
dom background efforts within this group: 134 successes out of 244 (54.9%),
Z = 1.536. A subsequent ad hoc experiment was undertaken using only these
seven pictures plus the random background option, within a short-form proto-
col that permitted more rapid accumulation of data. Specifically, all runs were
forced to have equal numbers of trials (100), with only four runs comprising a
session, and full saturation was precluded by a progressive difficulty algo-
rithm in the software (i.e., by using a difficulty criterion, d, up to pixel satu-
ration, a difficulty criterion of 2d over the saturation interval to , 4d over
the saturation interval to etc. ). Thus, highly successful runs could be sus-
tained near saturation without premature termination of the run. To conserve
laboratory and operator time, only 100 series (400 runs) were planned, the
minimum deemed necessary to distinguish this subset from the main database.

Despite all these changes in experimental design, the composite results of
this phase, as summarized in Tables 7–9 and Figure 5, again were statistically
insignificant. Specifically, only 200 runs out of 404 were successful (Z =
–0.1990); the all-operator performance compounded only to Z = 0.5305; four
of the eight selected pictures now scored below the chance mean; and the 2

on both the operator and picture distributions were within chance. On the
other hand, it is worth noting that the Z seems to correspond to an absolute ef-
fect size (mean shift ) comparable to that of our much larger benchmark REG
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TABLE 2
Male Operator Results

Op. NS H/L SS NR SR s Z

14 3 High 1 27 13 –.1000 .1291 –0.7746
Low 2 22 12 .0483 .1291 0.3744

2 49 25 –0.2830

21 4 High 1 36 14 –.1530 .1118 –1.3685
Low 3 39 20 .0120 .1118 0.1073

1 75 34 –0.8918

41 4 High 1 37 16 –.1065 .1118 –0.9526
Low 2 38 20 –.0063 .1118 –0.0559

1 75 36 –0.7131

56 3 High 2 25 14 .0833 .1291 0.6455
Low 2 26 14 .0617 .1291 0.4777

2 51 28 0.7942

65 4 High 1 31 18 .0423 .1118 0.3779
Low 2 45 21 –.0400 .1118 –0.3578

3 76 39 0.0142

84 5 High 1 47 21 –.0962 .1000 –0.9620
Low 0 48 19 –.1892 .1000 –1.8920(*)

1 95 40 –2.0181(*)

184 1 High 0 10 5 –.0400 .2236 –0.1789
Low 1 7 4 .0410 .2236 0.1834

1 17 9 0.0032

187 15 High 9 143 75 .0452 .0577 0.7829
Low 4 135 59 –.0589 .0577 –1.0196

8 278 134 –0.1674

307 14 High 7 122 59 –.0137 .0598 –0.2295
Low 9 140 74 .0394 .0598 0.6598

9 262 133 0.3043

317 1 High 0 9 4 –.1540 .2236 –0.6887
Low 1 7 5 .3210 .2236 1.4356

1 16 9 0.5281

320 8 High 3 75 36 –.0283 .0791 –0.3573
Low 1 80 29 –.1872 .0791 –2.3685(*)

3 155 65 –1.9275(*)

321 1 High 1 9 8 .4520 .2236 2.0214*

Low 1 6 4 .1560 .2236 0.6977
1 15 12 1.9227*

402 1 High 1 11 8 .2700 .2236 1.2075
Low 0 10 5 –.0320 .2236 –0.1431

1 21 13 0.7526

405 1 High 1 9 5 .0850 .2236 0.3801
Low 0 7 2 –.2000 .2236 –0.8944

0 16 7 –0.3637

409 5 High 2 47 24 .0088 .1000 0.0880
Low 2 47 24 .0134 .1000 0.1340

3 94 48 0.1570
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TABLE 2
Continued

Op. NS H/L SS NR SR s Z

422 3 High 2 25 15 .0403 .1291 0.3124
Low 1 33 15 –.0617 .1291 –0.4777

1 58 30 –0.1168

501 7 High 3 62 34 .0466 .0845 0.5510
Low 3 63 30 –.0199 .0845 –0.2350

4 125 64 0.2235

507 10 High 4 89 42 –.0667 .0707 –0.9433
Low 6 87 44 .0146 .0707 0.2065

7 176 86 –0.5210

509 3 High 2 28 19 .2430 .1291 1.8823 *

Low 2 27 12 –.0603 .1291 –0.4673
2 55 31 1.0005

515 4 High 1 33 12 –.0990 .1118 –0.8855
Low 1 34 16 –.0155 .1118 –0.1386

1 67 28 –0.7242

599 1 High 1 10 6 .3380 .2236 1.5116
Low 0 6 2 –.1230 .2236 –0.5501

1 16 8 0.6799

All 98 High 44 885 448 –.0003 .0226 –0.0145
Low 43 907 431 –.0283 .0226 –1.2527

53 1792 879 –0.8960

Chi-squared tests:

2 (21 df) P

High 19.764 0.537
Low 15.461 0.799

16.945 0.714

Individual operator overall success patterns:

N op. H/L Z > 0.00 (P1 < .5) Z > 1.645 (P1 < .05) Z < 1.645 (P1 > .95)

21 High 11 2 0
Low 9 0 2

11 1 2

(CE) (10.5 ) (1.05) (1.05 )

Note: Op. = operator; NS = number of series; H/L = high or low random-event-generator dri-
ver; SS = number of successful series; NR = number of runs; SR = number of successful runs;

= trial mean shift; s = standard error; Z = Z score = / s ; N op. = number of operators;
CE = chance expectation.
* Significant at P < .05. (*) Significant at P > .95.
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TABLE 3
Female Operator Results

Op. NS H/L SS NR SR s Z

3 1 High 1 8 5 .1100 .2236 0.4919
Low 0 8 1 –.4270 .2236 –1.9096(*)

0 16 6 –1.0024

10 17 High 7 165 86 .0120 .0542 0.2213
Low 8 150 74 –.0229 .0542 –0.4219

9 315 160 –0.1419

16 8 High 4 75 35 –.1026 .0791 –1.2981
Low 5 81 45 .0813 .0791 1.0277

4 156 80 –0.1912

17 10 High 7 90 46 .0266 .0707 0.3762
Low 5 97 45 –.0227 .0707 –0.3210

6 187 91 0.0390

53 1 High 1 13 9 .2950 .2236 1.3193
Low 1 13 7 .0220 .2236 0.0984

1 26 16 1.0024

159 1 High 1 9 5 .1740 .2236 0.7782
Low 1 7 4 .1280 .2236 0.5724

1 16 9 0.9550

173 3 High 2 26 14 .1223 .1291 0.9476
Low 1 28 11 –.0587 .1291 –0.4544

2 54 25 0.3487

327 1 High 1 8 5 .0790 .2236 0.3533
Low 1 7 5 .2310 .2236 1.0331

1 15 10 0.9803

345 1 High 0 8 3 –.2310 .2236 –1.0331
Low 0 11 5 –.0620 .2236 –0.2773

0 19 8 –0.9265

350 1 High 0 9 4 –.0940 .2236 –0.4204
Low 1 8 5 .2570 .2236 1.1493

1 17 9 0.5155

363 1 High 1 8 5 .1080 .2236 0.4830
Low 1 9 5 .1010 .2236 0.4517

1 17 10 0.6609

401 1 High 1 12 8 .3620 .2236 1.6189
Low 1 9 7 .4350 .2236 1.9454*

1 21 15 2.5203*

403 1 High 0 12 4 –.4140 .2236 –1.8515(*)

Low 1 11 6 .1230 .2236 0.5501
0 23 10 –0.9202

406 2 High 0 20 9 –.1160 .1581 –0.7336
Low 0 16 6 –.1285 .1581 –0.8127

0 36 15 –1.0934

500 1 High 1 7 5 .2160 .2236 0.9660
Low 0 8 2 –.1510 .2236 –0.6753

1 15 7 0.2055
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TABLE 3
Continued

Op. NS H/L SS NR SR s Z

502 6 High 3 56 30 .0017 .0913 0.0183
Low 5 63 38 .1033 .0913 1.1320

4 119 68 0.8133

503 4 High 2 40 18 –.0260 .1118 –0.2326
Low 4 39 25 .2223 .1118 1.9879*

4 79 43 1.2412

504 1 High 0 8 4 –.0290 .2236 –0.1297
Low 1 10 7 .3470 .2236 1.5518

1 18 11 1.0056

506 10 High 4 88 39 –.0806 .0707 –1.1399
Low 2 95 42 –.0873 .0707 –1.2346

3 183 81 –1.6790(*)

510 11 High 7 89 51 .1049 .0674 1.5561
Low 5 99 55 .0765 .0674 1.1340

7 188 106 1.9022*

514 1 High 0 10 4 –.1000 .2236 –0.4472
Low 1 10 6 .2460 .2236 1.1001

1 20 10 0.4617

543 2 High 0 19 8 –.2095 .1581 –1.3250
Low 1 21 10 –.0565 .1581 –0.3573

0 40 18 –1.1896

609 1 High 0 9 4 –.1510 .2236 –0.6753
Low 1 8 5 .1540 .2236 0.6887

1 17 9 0.0095

623 1 High 1 9 5 .1500 .2236 0.6708
Low 1 9 4 .0010 .2236 0.0045

1 18 9 0.4775

707 4 High 1 36 12 –.2115 .1118 –1.8917(*)

Low 3 36 21 .1568 .1118 1.4020
2 72 33 –0.3463

709 1 High 1 8 5 .0810 .2236 0.3622
Low 1 10 6 .0810 .2236 0.3622

1 18 11 0.5123

813 1 High 0 10 4 –.1920 .2236 –0.8587
Low 0 11 4 –.3800 .2236 –1.6994(*)

0 21 8 –1.8088(*)

830 4 High 3 36 20 .0917 .1118 0.8206
Low 2 43 21 –.0267 .1118 –0.2393

3 79 41 0.4111

All 97 High 49 888 447 –.0051 .0227 –0.2252
Low 53 917 472 .0267 .0227 1.1765

56 1805 919 0.6727

Chi-squared tests:
2 (28 df ) P

High 26.258 0.559
Low 30.706 0.330

29.390 0.393
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TABLE 3
Continued

Op. NS H/L SS NR SR s Z

Individual operator overall success patterns:

N op. H/L Z > 0.00 (P1 < .5) Z > 1.645 (P1 < .05) Z < 1.645 (P1 > .95)

28 High 15 0 2
Low 17 2 2

18 2 2

(CE) (14 ) (1.4) (1.4 )

Note: Op. = operator; NS = number of series; H/L = high or low random-event-generator dri-
ver; SS = number of successful series; NR = number of runs; SR = number of successful runs;

= trial mean shift; s = standard error; Z = Z score = / s ; N op. = number of operators;
CE = chance expectation.
* Significant at P < .05. (*) Significant at P > .95.

TABLE 4
All Operator Success Summary

NS H/L SS NR SR s Z

195 High 93 1,773 895 –.0027 .0160 –0.1691
Low 96 1,824 903 –.0009 .0160 –0.0583

109 3,597 1798 –0.1608

Chi-squared tests:
2 (49 df ) P

High 46.022 0.595
Low 46.168 0.589

46.333 0.5823

Individual operator overall success patterns:

N op. H/L Z > 0.00 (P1 < .5 ) Z > 1.645 (P1 < .05 ) Z < 1.645 (P1 > .95)

49 High 26 2 2
Low 26 2 4

29 3 4

(CE) (24.5) (2.45 ) (2.45)

Note: NS = number of series; H/L = high or low random-event-generator driver; SS = number
of successful series; NR = number of runs; SR = number of successful runs; = trial mean
shift; s = standard error; Z = Z score = / s ; N op. = number of operators; CE = chance expec-
tation.

database (Jahn et al., 1997), as well as to the exploratory data described in Ap-
pendix B, even though the low statistical power of this small data set imposes
large error bars on this value. These comparisons are illustrated in Figure 6. It
also is interesting that significant Z values were attained by 4 of the 21 oper-
ators, compared to roughly one expected by chance, and that on a two-tailed



basis over the separate high and low runs, 9 of the operators scored in the |Z| >
1.645 tails. In other words, despite the apparently inconclusive composite re-
sults, the individual operator performances display potentially instructive
idiosyncratic effects.

Interpretations and Speculations

Given the equivocal character of the data derived from this sequence of
ArtREG experiments, any conclusions and interpretations thereof must be re-
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Fig. 1. Runwise success rates by operators.
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garded as tentative, speculative, and possibly even intuitive. Clearly, the com-
posite results do not support the hypothesis that attractive and engaging feed-
back displays enable substantially larger anomalous effects, a conclusion that
appears to be consistent with the early results of a number of our other visual-
ly appealing experiments. The attempt to assess the relative importance of the
visual feedback on operator performance compared to that of the REG digital
output stream, per se, also has been thwarted by the small effect sizes. Indeed,
we now might speculate whether the blinding of the operator to the high ver-

Fig. 2. Effect sizes by operators.
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sus low outputs of REG might be implicated in the reduction of effect size in
the main group of experiments. Yet, as in many earlier studies, both “success-
ful” and “unsuccessful,” various details appear in the ArtREG data that if bet-
ter comprehended could possibly point to more incisive experimental and the-
oretical strategies and to better understanding of the underlying phenomena.

The somewhat better yield from the mystical or symbolic image subset also
prompts a few intuitive speculations. First, it may be that the explicit artistic
feedback characteristic of most of the pictorial targets, rather than enhancing

Fig. 3. Runwise success rates by target image.
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TABLE 6
Success Ratios by Picture Versus Random Background (Rank Ordered)

S/F ZS/F

1. Wave 19/12 1.257
2. Anubis 23/16 1.121
3. Mask 41/34 0.808
4. Bear 18/14 0.707
5. Apache 21/17 0.64999
6. Leopard 52/48 0.400
7. India 9/10 –0.229
8. World 56/60 –0.371
9. Toledo 3/4 –0.378

10. Hand 21/24 –0.447
11. World 2 14/17 –0.539
12. Calder 14/19 –0.870
13. Park 5/9 –1.069
14. Acacia 12/18 –1.095
15. Egypt 3/7 –1.265

All 311/309 0.0803

2 = 10.09 (15 df ) (P = 0.81)

Note: S/F = successful runs/failed runs; ZS/F = Z score of S/F.

the resonance of the operator with the experiment, actually may inhibit such
because of its specificity. That is, just as a fully random physical source ap-
pears to be requisite raw material for production of a more ordered digital
stream in our standard REG experiments (Jahn et al., 1997), so the operator’s
consciousness may prefer less associative constraint on the imagery it em-
ploys to achieve its resonance with the experimental task than the fully articu-
lated pictures allow. Only in the more vague and symbolic illustrations, such
as those used in the ad hoc experiment, may some relief from this encum-
brance be provided. Alternatively, it may be the symbolic, personalized mean-
ing of the feedback, i.e., its particular relevance to the operator, that is the cru-
cial ingredient in establishing a productive human/machine bond, and that the
mystical subset carries more such individualized meanings to the operator. Or
finally, all of these weak results may just be another indication that feedback,
in any form, is not a major requisite in producing such anomalous effects. This
interpretation would be consistent with the positive results of our Remote
REG (Dunne and Jahn, 1992), Remote Perception (Nelson et al., 1996), and
FieldREG experiments (Nelson et al., 1998), in which success is achieved
even though no form of immediate feedback is available. Indeed, it is even
possible that the anomalous effect sizes are fundamentally unamplifiable by
any experimental strategy, i.e., that their scale is intrinsically constrained to at
best a few parts per thousand, so that major statistical effects can be found
only in very large individual or collective databases.

In any case, these results have taught us that we must broaden our range of
potentially important variables beyond those so far explored to include subtler
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Fig. 4. Runwise success rates for targets versus random.

TABLE 7

Ad Hoc Experiment: Overall Run Score Summaries

All High Low

No. of runs 404 202 202
No. of successes 200 96 104
No. of failures 204 106 98
Z score (successes/failures ) –0.1990 –0.7036 0.4222
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TABLE 8
Ad Hoc Experiment Operator Result

Op. NS H/L SS NR SR s Z

10 8 High 6 16 10 .2737 .1768 1.5486
(F) Low 5 16 10 .3581 .1768 2.0259*

6 32 20 2.5275*

14 7 High 4 14 8 .2436 .1890 1.2889
(M) Low 2 14 2 –.3329 .1890 –1.7613(*)

3 28 10 –0.3341

17 10 High 4 20 8 –.0835 .1581 –0.5281
(F) Low 4 20 9 –.0780 .1581 –0.4933

4 40 17 –0.7222

21 5 High 2 10 5 –.0280 .2236 –0.1252
(M) Low 3 10 6 –.0340 .2236 –0.1521

2 20 11 –0.1961

41 10 High 2 20 5 –.3655 .1581 –2.3116(* )

(M) Low 5 20 11 .0165 .1581 0.1044
4 40 16 –1.5608

196 1 High 0 2 0 –.3200 .5000 –0.6400
(M/F ) Low 1 2 1 .4000 .5000 0.8000

1 4 1 0.1131

213 1 High 1 2 2 .9150 .5000 1.8300*

(M/M ) Low 1 2 2 .4900 .5000 0.9800
1 4 4 1.9870*

240 2 High 0 4 1 –.1625 .3536 –0.4596
(M/F ) Low 1 4 1 –.2625 .3536 –0.7425

1 8 2 –0.8500

263 1 High 0 2 0 –.8900 .5000 –1.7800(*)

(M/F ) Low 1 2 1 .4500 .5000 0.9000
0 4 1 –0.6223

282 2 High 1 4 2 –.3275 .3536 –0.9263
(M/F ) Low 1 4 2 –.1550 .3536 –0.4384

0 8 4 –0.9650

307 10 High 4 20 10 .2080 .1581 1.3155
(M) Low 4 20 9 –.1805 .1581 –1.1416

4 40 19 0.1230

318 2 High 0 4 1 –.3875 .3536 –1.0960
(F) Low 0 4 2 –.2525 .3536 –0.7142

0 8 3 –1.2800

373 5 High 2 10 6 .1660 .2236 0.7424
(F) Low 4 10 7 .3800 .2236 1.6994*

5 20 13 1.7266*

412 1 High 1 2 2 .1100 .5000 0.2200
(M) Low 0 2 1 –.0250 .5000 –0.0500

1 4 3 0.1202

462 8 High 6 16 11 .3481 .1768 1.9693*

(M) Low 4 16 10 .1594 .1768 0.9016
7 32 21 2.0300*
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TABLE 8
Continued

Op. NS H/L SS NR SR s Z

500 6 High 2 12 4 –.3725 .2041 –1.8249(*)

(F) Low 2 12 7 .0650 .2041 0.3184
3 24 11 –1.0652

516 3 High 1 6 3 –.1183 .2887 –0.4099
(F) Low 2 6 3 –.1633 .2887 –0.5658

1 12 6 –0.6899

549 10 High 7 20 11 .2705 .1581 1.7108*

(M) Low 3 20 9 –.0970 .1581 –0.6135
6 40 20 0.7759

551 3 High 1 6 2 –.1183 .2887 –0.4099
(F) Low 2 6 3 .0167 .2887 0.0577

1 12 5 –0.2490

552 3 High 2 6 2 –.0117 .2887 –0.0404
(M) Low 2 6 4 .3133 .2887 1.0854

3 12 6 0.7389

555 3 High 1 6 3 –.0733 .2887 –0.2540
(M) Low 2 6 4 .0767 .2887 0.2656

2 12 7 0.0082

All 101 High 47 202 96 .0250 .0498 0.5025
Low 49 202 104 .0123 .0498 0.2478

55 404 200 0.5305

Chi-squared tests:

2 (21 df ) P

High 31.762 0.062
Low 18.204 0.636

27.089 0.168

Individual operator overall success patterns:

N op. H/L Z > 0.00 (P1 < .5) Z > 1.645 (P1 < .05) Z < - 1.645 (P1 > .95)

21 High 8 3 3
Low 11 2 1

10 4 0

(CE) (10.5 ) (1.05) (1.05 )

Note: Op. = operator; NS = number of series; H/L = high or low random-event-generator dri-
ver; SS = number of successful series; NR = number of runs; SR = number of successful runs;

= trial mean shift; s = standard error; Z = Z score = / s ; N op. = number of operators;
CE = chance expectation.
* Significant at P < .05. (*) Significant at P > .95.



personal factors, such as environmental influences, operator and experimenter
attitudes, and the role of subjective meaning, in our future experimental de-
signs if we are to acquire deeper understanding of these consciousness-related
physical phenomena.

Appendix A: ArtREG Illustrations

All of the pictures utilized in the main body of ArtREG experiments and in
the ad hoc subset are reproduced here in black and white to reduce printing
costs. A few sets of full color reproductions are retained in our laboratory.

Appendix B: Prior Explorations

The formal ArtREG experiments reported in the body of this paper de-
volved from an earlier informal set of exploratory studies performed as the
equipment was being brought on line and the protocols were being refined.
These initial experiments closely followed our standard REG protocols, using
series of 1,000 trials taken under the three directional intentions: high, low,
and baseline. These were grouped in four sets of 250-trial runs per direction,
with the operators blind to the randomly assigned directions. All runs required
completion of 250 trials, even though picture saturation may have been
achieved during the run. All told, 13 operators completed a total of 37 series,
with the results displayed in Table 10. Although none of the operators, nor the
group as a whole, achieved statistical significance in the high-low separation,
the overall effect was in the intended direction, with an absolute size compara-
ble to that characteristic of our much larger benchmark REG studies (Jahn et
al., 1997), and hence regarded as propitious for more formal and extensive ex-
periments.
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TABLE 9
Ad Hoc Experiment: Success Ratios by Picture (Rank Ordered )

Rank Prior rank S/N ZS

1. Apache (2) 29/45 1.938
2. India (9) 26/43 1.3725
3. Egypt (11) 21/39 0.4804
4. Random (5) 14/26 0.3922
5. Anubis (1) 43/92 –0.6255
6. Mask (7) 16/38 –0.9733
7. Bear (8) 28/64 –1.000
8. Wave (3) 23/57 –1.4570

All 200/404 –0.1990

2 = 10.486 (8 df ) (P = 0.23)

Note: S/N = successful runs/total number of runs; ZS = Z score of S/N.
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Fig. 5. Effect sizes by operators in ad hoc exploration.

Based on the reactions of several of these operators, a number of changes in
processing and protocol were implemented before the formal experiments
were begun, namely:

1. The baseline direction was eliminated.
2. Runs were allowed to terminate on saturation in either direction.
3. The total number of trials per series remained at 1,000 for the high and
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the low directions, but these included some shortened (saturated) runs,
as well as full 250-trial runs.

4. Additional pictures were added to the library, and a few were removed.
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TABLE 10
ArtREG, Exploratory

Op. NS H/L SS NR SR s Z

7 1 High 1 4 2 .0560 .2236 0.2504
Low 0 4 1 –.1070 .2236 –0.4785

0 8 3 –0.1613

10 16 High 10 64 37 .0736 .0559 1.3170
Low 10 64 32 .0516 .0559 0.9235

10 128 69 1.5843

21 1 High 1 4 2 .0880 .2236 0.3935
Low 0 4 2 –.2000 .2236 –0.8944

0 8 4 –0.3542

41 1 High 0 4 0 –.0670 .2236 –0.2996
Low 0 4 2 –.0400 .2236 –0.1789

0 8 2 –0.3384

78 3 High 1 12 4 –.0920 .1291 –0.7126
Low 1 12 6 –.1400 .1291 –1.0844

0 24 10 –1.2707

84 1 High 1 4 3 .2760 .2236 1.2343
Low 1 4 3 .0280 .2236 0.1252

1 8 6 0.9613

161 6 High 4 24 14 .1210 .0913 1.3255
Low 1 24 13 –.0547 .0913 –0.5988

5 48 27 0.5138

171 1 High 1 4 2 .0710 .2236 0.3175
Low 1 4 3 .1850 .2236 0.8273

1 8 5 0.8095

173 1 High 0 4 2 –.1210 .2236 –0.5411
Low 1 4 3 .1400 .2236 0.6261

1 8 5 0.0601

174 3 High 1 12 5 .0010 .1291 0.0077
Low 1 12 7 .0287 .1291 0.2221

2 24 12 0.1625

182 1 High 0 4 1 –.2970 .2236 –1.3282
Low 0 4 1 –.1680 .2236 –0.7513

0 8 2 –1.4705

406 1 High 0 4 1 –.1990 .2236 –0.8900
Low 1 4 1 .0270 .2236 0.1207

0 8 2 –0.5439

813 1 High 1 4 4 .2890 .2236 1.2924
Low 0 4 0 –.2520 .2236 –1.1270

1 8 4 0.1170

All 37 High 21 148 77 .0467 .0368 1.2697
Low 17 148 74 –.0060 .0368 –0.1640

21 296 151 0.7819
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TABLE 10
Continued

Chi-squared tests:

2 (13 df ) P

High 10.450 0.657
Low 6.439 0.929

8.736 0.793

Note: Op. = operator; NS = number of series; H/L = high or low random-event-generator dri-
ver; SS = number of successful series; NR = number of runs; SR = number of successful runs;

= trial mean shift; s = standard error; Z = Z score = / s .
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Abstract—A consortium of research groups at Freiburg, Giessen, and
Princeton was formed in 1996 to pursue multidisciplinary studies of
mind/machine interaction anomalies. The first collaborative project under-
taken was an attempted replication of prior Princeton experiments that had
demonstrated anomalous deviations of the outputs of electronic random
event generators in correlation with prestated intentions of human operators.
For this replication, each of the three participating laboratories collected data
from 250 3000–trial 200 binary-sample experimental sessions, generated
by 227 human operators. Identical noise-source equipment was used
throughout, and essentially similar protocols and data analysis procedures
were followed. Data were binned in terms of operator intention to increase
the mean of the 200-binary-sample distributions (HI); to decrease the mean
(LO); or not to attempt any influence (BL). Contiguous unattended calibra-
tions were carried forward throughout. The agreed upon primary criterion for
the anomalous effect was the magnitude of the HI–LO data separation, but
data also were collected on a number of secondary correlates. The primary re-
sult of this replication effort was that whereas the overall HI–LO mean sepa-
rations proceeded in the intended direction at all three laboratories, the over-
all sizes of these deviations failed by an order of magnitude to attain that of
the prior experiments, or to achieve any persuasive level of statistical signifi-
cance. However, various portions of the data displayed a substantial number
of interior structural anomalies in such features as a reduction in trial-level
standard deviations; irregular series-position patterns; and differential de-
pendencies on various secondary parameters, such as feedback type or exper-
imental run length, to a composite extent well beyond chance expectation.
The change from the systematic, intention-correlated mean shifts found in
the prior studies, to this polyglot pattern of structural distortions, testifies to
inadequate understanding of the basic phenomena involved and suggests a
need for more sophisticated experiments and theoretical models for their fur-
ther elucidation.
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I. Context and Background

A. History and Organization

Electronic random event generators (REGs) have long been used in a wide
range of laboratory experiments designed to test the hypothesis that human
consciousness may interact directly with random physical systems (Radin &
Nelson, 1989; Schmidt, 1970). The results have provided strong statistical evi-
dence that the mean outputs of these devices can deviate from chance expecta-
tion in direct correlation with prestated intentions of the participants and that
aberrations in various other features of the output count distributions may re-
flect subtler aspects of the human/machine interactions. Over the past two
decades, the Princeton Engineering Anomalies Research Laboratory (PEAR)
has produced very large databases in REG experiments of this class (Nelson,
Bradish, & Dobyns, 1989), which have further confirmed the existence of
these types of human/machine anomalies, and have indicated some of their
physical and psychological characteristics (Jahn, Dobyns, & Dunne, 1991;
Jahn et al., 1997).

While these PEAR experiments have constituted extensive conceptual
replications of earlier work elsewhere (Bierman & Houtkooper, 1975; Radin &
Nelson, 1989; Rhine & Humphrey, 1944; Schmidt, Morris, & Rudolph, 1986)
and also have included many internal replications within themselves, it was



felt that more might be learned from further, more broadly based studies of
similar character and comparable controls, conducted in collaboration with
other researchers having complementary professional interests and experi-
ence. For this purpose, a consortium of laboratories was assembled in 1996,
comprising the Freiburg Anomalous Mind/Machine Interactions group
(FAMMI) at the Institut für Grenzgebiete der Psychologie und Psychohygiene
(IGPP) in Freiburg, the Giessen Anomalies Research Project (GARP) in the
Center for Psychobiology and Behavioral Medicine at Justus-Liebig-Univer-
sität Giessen, and the PEAR Laboratory at Princeton University. The primary
agenda of this “Mind/Machine Interaction Consortium” was a program of pro-
fessional interaction and shared technology that would broaden and deepen
our collective understanding of these consciousness-related anomalous phe-
nomena.

As an initial effort to establish sound and effective strategies for long-term
collaboration, it was agreed that the first project to be addressed would be an
extensive, commensurate repetition of prior PEAR REG experiments, con-
ducted contemporaneously in all three locations. The first phase of this project
was to be as strict a replication as feasible, given the essential differences of
structure and style of the three laboratories. At the same time, it was to provide
a platform for developing and deploying effective shared technologies, proto-
cols, database acquisition and management techniques, and interlaboratory
and interpersonal communications that would enable productive longer-term
collaborations. A second phase of the project also was planned that would ac-
commodate the three laboratories’ specialized interests and capabilities in
psychological, psychophysiological, and engineering investigations, respec-
tively, but this article shall deal only with Phase I. 

B. Prior PEAR Experience

1. Equipment. Over its many years of mind/machine experimentation, the
PEAR program has developed several versions of electronic random event
generators, utilizing different primary sources of noise but maintaining impor-
tant common features of design. An original “benchmark” experiment em-
ployed a commercial random source sold by Elgenco, Inc. The core of this
module is proprietary, but Elgenco’s engineering staff describe it as “solid
state junctions with precision preamplifiers,” implying processes that rely on
quantum tunneling to produce unpredictable, broad-spectrum noise in the form
of low-amplitude voltage fluctuations. A much simpler and more compact
REG, termed “PortREG,” was developed subsequently, based on thermal noise
in resistors, which also produces a well-behaved, broad-spectrum fluctuation.
A yet later-generation device, called “MicroREG,” uses a field effect transis-
tor for the primary noise source, again relying on quantum tunneling to provide
uncorrelated fundamental events that compound to an unpredictable voltage
fluctuation.

In all cases, the electronic process begins with a white-noise frequency dis-
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tribution. For example, the benchmark REG, on which most of the prior data
were acquired, presents a flat spectrum, +/– 1 dB, from 50 Hz to 20 kHz. A sub-
sequent 1000-Hz low-end cutoff attenuates frequencies below the data-sam-
pling rate. This filtering, followed by appropriate amplification and clipping,
produces an approximately rectangular wave train with unpredictable tempo-
ral spacing. Gated sampling, typically at 1-kHz, then yields a regularly spaced
sequence of randomly alternating +/– bits, suitable for rapid counting. To
eliminate biases from such environmental stresses as temperature change or
component aging, “exclusive or” (XOR) masks are applied to the digital data
streams in regularly alternating +/– patterns. In the experiments, output data
are presented and recorded in “trials” that are the sum of N samples (typically
200 bits) from the primary sequence, thus mitigating any residual short-lag au-
tocorrelations. The final output of the benchmark REG thus is a sequence of
conditioned bits and, in the later devices, of bytes, presented to the computer’s
serial port, which then are collected into a sequence of trials, usually presented
at approximately one trial per second. Calibrations of all of the devices con-
form to statistical chance expectations for the mean, standard deviation, skew-
ness, and kurtosis of the accumulated trial-score distributions, and for time-se-
ries of independent events (cf. Appendix I).

2. Experimental design and results. The basic experimental designs embody
further protocol-level protections against artifacts. Using a “tripolar” proto-
col, participants generate data under three conditions of prespecified inten-
tion, namely to achieve high (HI) or low (LO) output distribution mean values,
or to generate baseline (BL) data. With the exception of these expressed inten-
tions, which are immutably prerecorded in the experiments’ computer files, all
other potentially influential protocol variables are maintained constant within
an experimental session.

In addition to the primary variable of tripolar intention, a number of sec-
ondary parameters are available as options that can be explored in separate
sessions and assessed as factors that may contribute to the experimental out-
comes. These include human variables, such as the identities of the individual
operators, their gender, the number co-operating in the effort, and whether
they are “prolific,” i.e., have accumulated sufficient data to permit robust in-
ternal comparisons of their results; technical variables, such as the different
noise sources, including not only the physical random sources described but
also various hardwired and algorithmic pseudorandom generators, designated
as nondeterministic and deterministic sources, respectively; operational vari-
ables, including information density (bits per second); the number of trials in
automatically sequenced “runs;” the instruction mode (volitional or instruct-
ed); the type of feedback provided to the operator, etc.; and physical variables,
including the spatial separation of the operator from the machine (up to thou-
sands of miles) and temporal separations between operator attempts and actu-
al operation of the devices (up to several hours or even a few days).

For the purposes of the replication studies reported here, we shall refer
mainly to that segment of previous PEAR data provided by individual opera-



tors adjacent to “benchmark” REG equipment. These “local, single-operator”
experiments, contributed over 12 years by 91 participants, constituted 522
replications at the “series” or “session” level, comprising nearly two and a half
million, 200-bit trials. The primary results of this segment are summarized as
“Prior PEAR Data” in Table 0. This database also was subjected to a broad
range of subordinate analytical tests, including specific searches for indicative
structural details and broad-based analyses of variance, all of which have been
extensively reported in the archival literature and supporting technical reports
(Jahn et al., 1997; Dunne, 1991; Dunne et al., 1994; Nelson et al., 2000) and
will be reviewed as appropriate in the following text.

In passing, it might be noted that these particular experiments were comple-
mented by an array of studies that used many other forms of random generator
equipment and protocols (Jahn, Dunne, & Nelson, 1987), including the much
more compact “PortREG” devices chosen for the replication program to fol-
low, several macroscopic mechanical analogs (Dunne, Nelson, & Jahn, 1988;
Nelson et al., 1994), various pseudorandom devices (Jahn et al., 1997), “re-
mote” and “off-time” protocols (Dunne & Jahn, 1992), and nonintentional
“FieldREG” experiments (Nelson et al., 1996, 1998). Results of these studies
were generally consistent and collectively extended the statistical significance
of the entire program by several orders of magnitude (Jahn et al., 1997).

Many human/machine experiments of this sort have been conducted at other
laboratories, and most of these have yielded commensurate anomalous results
(Radin, 1997). Related studies have also demonstrated responses from biolog-
ical substances or living organisms employed as the random targets of the op-
erators’ intentions (Braud, 1993; Braud & Dennis, 1989; Grad, 1963). In some
cases, the role of the operators has been played by other than human species,
e.g., by chicks, rabbits, and mice, many of whom seem capable of eliciting
anomalous correlations of machine behavior with their biological or emotion-
al needs (Peoc’h, 1995). From this array of empirical studies, it appears that
operator desire is capable of establishing observable relationships to the out-
puts of such random physical systems, by some unknown means that is largely
independent of the nature of the device and also independent of the interven-
ing distance and time. The ubiquitous character of these anomalies bespeaks
broad potential importance to contemporary scientific understanding and to
individual and cultural welfare.

II. Consortium Replication

A. Experimental Design

At a planning meeting held shortly after the inception of the Mind/Machine
Consortium, the members decided to undertake yet another replication of this
class of REG experiments. Second-generation PortREG technology was se-
lected for the random source because of its simplicity, portability, and relative-
ly low cost, with confidence of its efficacy based on various indications from
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preceding PEAR research and that of others that these anomalous effects are
independent of the source of randomness (Jahn et al., 1997; Schmidt & Pantas,
1972). All three laboratories would employ identical protocols and data-pro-
cessing techniques, to the extent feasible given the differing languages, disci-
plinary backgrounds, and skills. Although the primary hypothesis to be tested
was confirmation of the earlier PEAR results on a simple HI–LO mean-shift
criterion, secondary investigations were to provide structural data on the char-
acteristics and correlates of the phenomena. Specifically, it was agreed that
each laboratory would use large pools of operators to accumulate 250 experi-
mental “sessions” or “series,” each series consisting of 1000 200-sample tri-
als in each of the HI, LO, and BL intentions and, in addition, would extract
whatever structural aspects of the data befit its capabilities, such as separate
HI, LO, and BL performances, gender effects, serial position effects, standard
deviations, feedback correlations, experimenter effects, etc.

B. Experimental Results

This section presents all of the pertinent data generated by the three labora-
tories in as commensurate and complete a format as possible here. We begin
with a table key and brief explanatory text regarding the tabular formats. Then
follows a sequence of tables that summarize the overall results of each labora-
tory with respect to the primary HI–LO mean-shift hypothesis, followed by a
concatenation of all three databases. For comparison, these tables are preceded
by similar representations of the earlier PEAR data and of the contemporane-
ous calibration data described in more detail in Appendix I. Following these
summary tables, we then display a large array of explorations into data distrib-
ution structures and secondary parameter correlations attempted by each labo-
ratory, both individually and collectively.

1. Tabular key and comments. All of the following tables use a common sta-
tistical notation:

= Shift in empirical trial-level mean from chance expectation of 100
(also called “effect size”)

s = Empirical trial-level standard deviation
Z = Standardized Z-score of the mean-shift, calculated as:

Z =
m

s0

p
Nt

where
Nt = Number of experimental trials
s 0 = Theoretical chance standard deviation for 200-sample trials

(7.071)
Zdiff = Z-score for differences of any two indicated data subsets (see text

below)
2 = Chi-squared statistic to test for goodness-of-fit of empirical data 

values to a comparison standard



The first set of tables presents the overall results of the entire PortREG-
replication database for all three intentions and for the HI–LO, or , criterion
which is regarded as the primary variable. The mean shift for the column is
calculated by inverting the LO data with respect to the mean and concatenating
them with the HI, so it is the average, rather than the sum, of the mean shifts in
the intended directions. This is intended to make statistical comparisons easier
by preventing intrinsic differences of scale between the separate intentions
and the values. This representation makes the data effectively a single
large pool of trials which also have a theoretically expected mean of 100 and
standard deviation of (50)1/2 = 7.071, and in which a positive mean shift corre-
sponds to success in the direction of intention. For all of the replication series,
Nt comprises 1000 trials per intention. (The earliest prior PEAR data were
taken in larger series of 5000 trials per intention; the series size subsequently
was reduced in stages to a standard of 1000 trials per intention, which allowed
the experiment to be completed in a single session. Thus, the total number of
prior PEAR trials is considerably greater than one would infer from the counts
of series listed in the table; e.g., the prior PEAR database is approximately
equivalent to 834 PortREG series.)

For the sequence of structural tables that follow, Zdiff refers to the differences
in mean shifts, computed as follows: Given two populations, N1 and N2, having
Z-scores Z1 and Z2, we may compute a normalized effect size for each as i =
Zi/(Nt)

1/2, which is related to by a multiplicative constant, e.g., i =

i/(50)1/2. The uncertainty associated with a Z-score is always 1 by construc-
tion, so the i have measurement uncertainties s i = 1/(Ni)

1/2. The standard nor-
mal deviate, or Z-score, for a difference between sets 1 and 2 is therefore the
difference 1 - 2 divided by the uncertainty of this difference, s d, which is
simply the sum in quadrature of the individual uncertainties: s2

d = s2
1 + s2

2 .
This can be reduced to an expression in the original Ns and Zs:

Zdif f = 1 - 2q
s2

1 + s2
2

=
Z1/ Ö N1 - Z2 Ö N2

Ö 1/ N1 + 1/ N2
=

Z1 Ö N2 - Z2 Ö N1

Ö N1 + N2
(1)

For most of these presentations and the associated discussions, we have cho-
sen to use only Z-scores without associated tail-probability (p) values, on the
grounds that the former are completely unambiguous, depending only on the
statistical character of the data used, whereas p-values require subjective and
occasionally contentious decisions regarding the appropriateness of one- or
two-tailed statistics, primary or secondary analyses, Bonferroni corrections for
multiple or prospective analyses, and so forth. The direct correspondence of the
Z values to particular “tail-probabilities” is, of course, well tabulated, e.g.:

Z 1.6449 1.9600 2.3263 2.5758 3.0902

Pz (1-tail) 0.05 0.025 0.01 0.005 0.001
Pz (2-tail) 0.10 0.05 0.02 0.01 0.002
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2. Primary data summary. The mean-shift results and their associated stan-
dard deviations, obtained by each of the laboratories in each direction of inten-
tion, are summarized in Tables 0, 00, F.1, G.1, P.1, and C.1.

It is immediately clear from these summary data that although the mean
HI–LO separations found by each of the laboratories all proceed in the intend-
ed direction, they fail by an order of magnitude to reach the level of the prior
PEAR data or any persuasive level of statistical significance. The implications
of this result are discussed at length in Section III. Nonetheless, subtler struc-
tural anomalies, such as the almost universal depression of the trial-level stan-
dard deviations below the theoretical and calibration values, are already evi-
dent in the summary tables above, and invite more detailed searches for other
secondary correlates. The following tables display the results of such examina-
tions (cf. section III.B.5).

3. Structural data.
(a) Gender effects. In the following sequence of tables, we display break-

downs of the laboratory data in terms of various subordinate secondary para-
meters that proved instructive in the prior PEAR studies. As a first example,
the distinctions between male and female operator performance that were
studied extensively in the early work (Dunne, 1998) are broken down here by
laboratory and intention (Tables F.2, G.2, P.2, and C.2). Other than the differ-

TABLE 0
Prior PEAR Laboratory Data (522 Series, 91 Operators)

Measure BL LO HI

0.013372 - 0.015586 0.025994 0.020800
s 7.074 7.069 7.070 7.070
Z 1.7132 - 2.0161 3.3688 3.8087

TABLE 00
Concurrent Calibrations (1049 Series)

Measure Theory FAMMI GARP PEAR

0.000000 - 0.000901 0.000166 - 0.000207
s 7.0711 7.0753 7.0691 7.0697

0.0000 - 0.1175 0.0253 - 0.0305

TABLE F.1
All FAMMI Data (250 Series, 80 Operators)

Measure BL LO HI

- 0.002308 - 0.006496 0.006336 0.006416
s 7.0550 7.0642 7.0713 7.0678
Z - 0.1632 - 0.4593 0.4480 0.6416



ence between single-operator and dual-operator performance, which was ex-
plored only by the PEAR group, the only remarkable gender differences evi-
dent in the concatenated data are in the baseline results. Most of this effect is
contributed by the FAMMI and GARP operators, with little assistance from
PEAR, despite the prominence of such a disparity, albeit with opposite sign, in
the prior PEAR experience (Dunne, 1998). Also possibly worth noting are the
almost uniformly higher standard deviations of the female operators.

(b) Assignment effects. As one element in a broad search for subjective or
psychological correlates, the data have been divided into those trials wherein
the directional intention of the operator was assigned by an auxiliary random
process of some sort (Instructed), and those for which the operator selected the
direction (Volitional), within the constraints of balanced numbers of HI, LO,
and BL trials (Tables F.3, G.3, P.3, and C.3). Here, one subset of data emerges
as disparate; the GARP experiments in the Instructed mode show very signifi-
cant anticorrelation with intention, in contrast to the corresponding Volitional
data, which correlate positively. The difference Z-score is highly significant by
any reasonable criterion. However, similar effects are not found in the FAMMI
or PEAR data, leaving the concatenated data less impressive in this distinction.

(c) Feedback effects. The feedback presented to the operator is another sub-
jective correlate previously examined at PEAR. The alternatives here are (a) a
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TABLE G.1
All GARP Data (250 Series, 69 Operators)

Measure BL LO HI

0.004116 - 0.012596 - 0.00808 0.002258
s 7.0559 7.0418 7.0713 7.0566
Z 0.2910 - 0.8907 - 0.5713 0.2258

TABLE P.1
All PEAR Data (250 Series, 78 Operators)

Measure BL LO HI

0.001216 0.004836 0.008148 0.001656
s 7.0617 7.0608 7.0622 7.0615
Z 0.0860 0.3420 0.5762 0.1656

TABLE C.1
Concatenation Across All Laboratories (750 Series, 227 Operators)

Measure BL LO HI

0.001008 - 0.004752 0.002135 0.003443
s 7.0575 7.0556 7.0683 7.0619
Z 0.1235 - 0.5820 0.2614 0.5964
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graphic display showing the cumulative deviation; (b) a digital display with
large numbers showing the current trial and running mean; and (c) no feedback
at all, with results reported only at the end of the experimental run (Tables F.4,
G.4, P.4, and C.4). Here we find several noteworthy entries in the GARP data,
two in the digital subset ( and BL) and one in the no-feedback subset (HI),
and two in the FAMMI data, in the HI-digital and HI no-feedback subsets, all
of which feed through to their difference values, and are sufficient to drive
several significant excursions in the concatenated data.

(d) Runlength effects. Since the duration of the experimental runs that re-
quire steady attention of the operators conceivably might introduce subjective
factors such as boredom, distraction, and anxiety, alternatives of 100-trial
(1.5-minute) and 1000-trial (15-minute) runs were admitted into the protocols
(Tables F.5, G.5, P.5, and C.5). Noteworthy here are the differences between
the two run lengths in the LO-intention GARP data, which, supported modest-
ly by the corresponding PEAR data, feed through to a marginally interesting
concatenation value.

TABLE F.2
Gender Effects in FAMMI Data

Measure BL LO HI

Male operators (150 series, 40 operators)
0.029607 0.001320 0.002567 0.000623

s 7.0542 7.0616 7.0673 7.0644
Z 1.6216 0.0723 0.1406 0.0483

Female operators (100 series, 40 operators)
- 0.050180 - 0.018220 0.011990 0.015105

s 7.0559 7.0680 7.0775 7.0727
Z - 2.2441 - 0.8148 0.5362 0.9553

Differences
Zdiff (F - M) - 2.7639 - 0.6769 0.3264 0.7095

TABLE G.2
Gender Effects in GARP Data

Measure BL LO HI

Male operators (124 series, 35 operators)
0.023645 - 0.003234 - 0.005306 - 0.001036

s 7.0493 7.0414 7.0776 7.0595
Z 1.1775 - 0.1610 - 0.2643 - 0.0730

Female operators (126 series, 34 operators )
- 0.015103 - 0.021810 - 0.010810 0.005500

s 7.0624 7.0422 7.0651 7.0536
Z - 0.7582 - 1.0948 - 0.5426 0.3905

Differences
Zdiff (F - M) - 1.3699 - 0.6567 - 0.1946 - 0.3268



(e) Series-position effects. Since subjective issues of boredom, anxiety,
overconfidence, and learning also might manifest in the operator’s perfor-
mance over more major blocks of experimental effort, data also have been
processed on a series-by-series basis, in a search for some definitive series-po-
sition pattern, such as that found in the prior PEAR studies (Dunne et al.,
1994). In the following tables, the column labeled N lists the number of opera-
tors completing that number of series, and the notation 5+ denotes the com-
bined results of all series numbered 5 and higher. Those PEAR and GARP op-
erators who had previously performed five or more series or their equivalent
on any similar REG experiments were regarded as contributing replication se-
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TABLE P.2
Gender Effects in PEAR Data

Measure BL LO HI

Male operators (126 series, 36 operators)
0.005063 0.017333 0.018103 0.000385

s 7.0591 7.0578 7.0536 7.0557
Z 0.2542 0.8701 0.9088 0.0273

Female operators (76 series, 22 operators)
- 0.013539 0.006382 - 0.039263 - 0.022822

s 7.0680 7.0673 7.0733 7.0703
Z - 0.5279 0.2488 - 1.5308 - 1.2583

Multiple operators (48series, 20 operators)
0.014479 - 0.030417 0.057083 0.043750

s 7.0584 7.0581 7.0673 7.0627
Z 0.4486 - 0.9424 1.7687 1.9170

Differences
Zdiff (F -  M) - 0.5728 - 0.3372 - 1.7664 - 1.0106
Zdiff (1 - 2) - 0.4572 1.2151 - 1.6868 - 2.0519

Note: The Gender parameter at PEAR is treated as three-valued rather than two-valued, since
operator pairs also contributed to the replication database. Rather than doing three Zdiff compar-
isons, one set of comparisons between males and females, and separate comparisons between
combined results of individual operators and the multi-operator database, are presented.

TABLE C.2
Gender Differences in Concatenated Data

Measure BL LO HI

Male operators (400 series, 111 operators)
0.020028 0.004953 0.005020 0.000034

s 7.0542 7.0542 7.0662 7.0602
Z 1.7913 0.4430 0.4490 0.0043

Female operators (302 series, 96 operators)
- 0.026325 - 0.013526 - 0.010421 0.001553

s 7.0617 7.0570 7.0713 7.0642
Z - 2.0459 - 1.0512 - 0.8099 0.1707

Differences
Zdiff (F - M) - 2.7192 - 1.0841 - 0.9058 0.1260
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ries only in the 5+ category (Tables F.6, G.6, P.6, and C.6). Interpretation of
this disparate array of results is deferred until section III.3.

(f) Individual laboratory explorations. Some parameter or protocol options
were explored by only one of the three laboratories having a particular interest
in that factor, leaving no possibilities of interlaboratory concatenations. For
example, Table F.7 lists the FAMMI data acquired under supervision of vari-
ous experimenters. Numbers 1, 2, and 3 refer to three particular individuals;
Group 4 subsumes several incidental experimenters. No remarkable individ-
ual scores appear, and a 2 statistic computed by summing the squares of the Z-
scores in each subset shows no evidence of significant differences in behavior.
In fact, the 2 for the HI intention is so small as to suggest anomalous consis-
tency (p = 0.980).

In Table G.7 are listed the results of a GARP investigation of the importance
of the control of the REG trials by an automatic sequencer vs. allowing the op-
erator to initiate each trial ad libidum. No sensitivity to this option appears in
these data.

TABLE F.3
Assignment Effects in FAMMI Data

Measure BL LO HI

Instructed (58 series, 23 operators)
0.027466 - 0.015397 0.027017 0.021207

s 7.0534 7.0656 7.1087 7.0872
Z 0.9354 - 0.5244 0.9202 1.0215

Volitional (192 series, 80 operators )
- 0.011302 - 0.003807 0.000089 0.001948

s 7.0554 7.0637 7.0600 7.0619
Z - 0.7004 - 0.2359 0.0055 0.1707

Differences
Zdiff (I - V) 1.1571 - 0.3459 0.8038 0.8129

TABLE G.3
Assignment Effects in GARP Data

Measure BL LO HI

Instructed (26 series, 17 operators)
- 0.024269 0.082192 - 0.100192 - 0.091192

s 6.9907 7.0870 7.0559 7.0714
Z - 0.5534 1.8743 - 2.2847 - 2.9409

Volitional (224 series, 69 operators )
0.007411 - 0.023598 0.002612 0.013105

s 7.0635 7.0365 7.0730 7.0548
Z 0.4960 - 1.5795 0.1748 1.2405

Differences
Zdiff (I - V) - 0.6838 2.2835 - 2.2190 - 3.1838



Finally, in Table G.8 are presented GARP results for four classes of opera-
tors: those selected and processed in a formal fashion; members of the research
staff; students in the laboratory; and casual visitors. Here the only striking dis-
parity is contributed by the visitor category in the BL intention, leading to a
slightly elevated 2 indicator for that condition.

(g) Temporal evolution of effect sizes. As an alternative representation of the
full replication databases, Figures 1 through 3 present sets of cumulative devi-
ation graphs that summarize the historical evolution of each laboratory’s com-
pounding results for the mean shifts under HI, LO, and BL intentions. For
comparison, Figure 4 shows similar plots of the prior PEAR results. Figure 5
compares cumulative deviations of the HI–LO separations for each of the
three laboratories. In all of these figures, the dotted parabolic envelopes are the
loci of cumulative deviations corresponding to one-tailed chance probabilities
of .05 at the given abscissa.
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TABLE P.3
Assignment Effects in PEAR Data

Measure BL LO HI

Instructed (133 series, 45 operators)
0.007241 0.008346 - 0.002594 - 0.005470

s 7.0617 7.0586 7.0614 7.0600
Z 0.3734 0.4304 - 0.1338 - 0.3990

Volitional (117 series, 52 operators )
- 0.005632 0.000846 0.020359 0.009756

s 7.0617 7.0633 7.0632 7.0632
Z - 0.2725 0.0409 0.9848 0.6674

Differences
Zdiff (I - V) 0.4542 0.2646 - 0.8098 - 0.7598

TABLE C.3
Assignment Effects in Concatenated Data

Measure BL LO HI

Instructed (217 series, 85 operators)
0.008871 0.010848 - 0.006373 - 0.008611

s 7.0510 7.0639 7.0735 7.0687
Z 0.5844 0.7146 - 0.4199 - 0.8022

Volitional (533 series, 201 operators)
- 0.002193 - 0.011103 0.005598 0.008351

s 7.0602 7.0522 7.0662 7.0592
Z - 0.2264 - 1.1464 0.5780 1.2193

Differences
Zdiff (I - V) 0.6145 1.2191 - 0.6649 - 1.3322
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TABLE F.4
Feedback Effects in FAMMI Data

Measure BL LO HI

Digital (7 series, 3 operators )
0.055571 0.087000 0.173286 0.043143

s 7.0474 7.0079 7.1947 7.1029
Z 0.6575 1.0294 2.0503 0.7219

Graphic (229 series, 80 operators )
0.000642 - 0.012694 - 0.005419 0.003638

s 7.0531 7.0629 7.0640 7.0635
Z 0.0434 - 0.8591 - 0.3667 0.3481

None (14 series, 8 operators)
- 0.079500 0.048143 0.115143 0.033500

s 7.0900 7.1121 7.1275 7.1202
Z - 1.3303 0.8056 1.9267 0.7928

Differences
Zdiff (D - G) 0.6402 1.1620 2.0829 0.6512
Zdiff (D - N) 1.3049 0.3754 0.5617 0.1317
Zdiff (G - N) 1.3018 - 0.9882 - 1.9584 - 0.6861

TABLE G.4
Feedback Effects in GARP Data

Measure BL LO HI

Digital (50 series, 37 operators )
0.058980 - 0.042820 0.045300 0.044060

s 7.0518 7.0416 7.0625 7.0520
Z 1.8651 - 1.3541 1.4325 1.9704

Graphic (189 series, 69 operators)
- 0.003709 - 0.001127 - 0.015365 - 0.007119

s 7.0572 7.0425 7.0735 7.0580
Z - 0.2280 - 0.0693 - 0.9447 - 0.6190

None (11 series, 10 operators)
- 0.110818 - 0.072273 - 0.125546 - 0.026636

s 7.0518 7.0300 7.0723 7.0517
Z - 1.6437 - 1.0720 - 1.8621 - 0.5587

Differences
Zdiff (D - G) 1.7629 - 1.1725 1.7060 2.0354
Zdiff (D - N) 2.2802 0.3955 2.2942 1.3426
Zdiff (G - N) 1.5444 1.0258 1.5887 0.3980

III. Structural Analyses and Their Interpretation

A. Primary Results

The formal hypothesis with which this ensemble of mind/machine experi-
ments was undertaken was that the prior PEAR database, as represented in
Table 0 and Figure 4, would be statistically replicated in scale and character.
From the summary Tables F.1, G.1, P.1, and C.1 and from the cumulative devi-
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TABLE P.4
Feedback Effects in PEAR data

Measure BL LO HI

Digital (37 series, 12 operators)
0.018811 - 0.032811 - 0.024811 0.004000

s 7.0885 7.0232 7.0444 7.0338
Z 0.5117 - 0.8926 - 0.6749 0.1539

Graphic (195 series, 71 operators)
0.001908 0.012677 0.008015 - 0.002331

s 7.0582 7.0615 7.0667 7.0641
Z 0.1191 0.7917 0.5006 - 0.2058

None (18 series, 8 operators)
- 0.042444 - 0.002722 0.077333 0.040028

s 7.0442 7.1300 7.0509 7.0906
Z - 0.8053 - 0.0517 1.4673 1.0741

Differences
Zdiff (D - G) 0.4216 - 1.1344 - 0.8187 0.2233
Zdiff (D - N) 0.9533 - 0.4682 - 1.5896 - 0.7929
Zdiff (G - N) 0.8052 0.2796 - 1.2584 - 1.0875

TABLE C.4
Feedback Effects in Concatenated Data

Measure BL LO HI

Digital (94 series, 52 operators)
0.042915 - 0.029213 0.027234 0.028223

s 7.0659 7.0319 7.0654 7.0486
Z 1.8607 - 1.2666 1.1808 1.7306

Graphic (613 series, 220 operators)
- 0.000297 - 0.001057 - 0.004212 - 0.001577

s 7.0560 7.0562 7.0678 7.0620
Z - 0.0329 - 0.1170 - 0.4664 - 0.2470

None (43 series, 26 operators )
- 0.072000 - 0.003953 0.037744 0.020849

s 7.0610 7.0987 7.0819 7.0903
Z - 2.1115 - 0.1159 1.1069 0.8647

Differences
Zdiff (D - G) 1.7446 - 1.1368 1.2696 1.7015
Zdiff (D - N) 2.7914 - 0.6136 - 0.2553 0.2533
Zdiff (G - N) 2.0327 0.0821 - 1.1894 - 0.8991

ation graphs of Figures 1, 2, 3, and 5, we conclude that this hypothesis has not
been confirmed. Although the agreed upon primary indicators of effect, the
HI–LO ( ) mean shifts and their corresponding Z-scores, progress in the in-
tended directions in all three laboratory results and in their cross-laboratory
combinations, the effect size is essentially one order of magnitude smaller
than for the prior data (.0034 versus .0208) and thus falls well below any cred-
ible statistical significance (Z = 0.596 versus 3.809). Alternatively stated, if
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TABLE F.5
Runlength Effects in FAMMI Data

Measure BL LO HI

100-trial runs (198 series, 80 operators)
- 0.006313 0.001283 0.007687 0.003202

s 7.0515 7.0593 7.0659 7.0626
Z - 0.3973 0.0807 0.4837 0.2850

1,000-trial runs (52 series, 22 operators)
0.012942 - 0.036115 0.001192 0.018654

s 7.0682 7.0825 7.0921 7.0873
Z 0.4174 - 1.1647 0.0385 0.8507

Differences
Zdiff (H - T) - 0.5527 1.0733 0.1864 - 0.6271

TABLE G.5
Run-Length Effects in GARP Data

Measure BL LO HI

100-trial runs (173 series, 68 operators)
0.005590 - 0.035046 - 0.008850 0.013098

s 7.0566 7.0503 7.0736 7.0620
Z 0.3288 - 2.0615 - 0.5206 1.0896

1,000-trial runs (77 series, 33 operators)
0.000805 0.037844 - 0.006351 - 0.022097

s 7.0545 7.0224 7.0661 7.0443
Z 0.0316 1.4851 - 0.2492 - 1.2264

Differences
Zdiff (H - T) 0.1562 - 2.3795 - 0.0816 1.6249

the prior PEAR results are used as the standard of replication, this prediction is
refuted at a Z = - 2.87 level.

Given the sophistication and scope of the experimental and analytical pro-
cedures followed in both these contemporary studies and in the prior PEAR
work, and given the many examples of both “successful” and “unsuccessful”
high-quality research performed elsewhere over the past several decades
(Radin & Nelson, 1989), this stark failure to replicate reaffirms an enduring
and ubiquitous “reproducibility problem” that has long characterized mind/
machine interaction experiments of this class (Bierman & Houtkooper, 1981;
Shapin & Coly, 1985). Some resolution of this replication paradox would
seem to be essential to sustained progress in this field. To this purpose, various
categorical possibilities need to be acknowledged and assessed:

1. Some physical or technical conditions, essential to generation of the
anomalies, were not properly recognized and/or incorporated in the
replication program. The primary and secondary parameters so far in-



vestigated are not crucial to these phenomena and thus yield marginal re-
sults contaminated by artifact and obscured by random flux.

2. Certain subjective psychological conditions, essential to generation of
the anomalies, were not properly recognized and/or incorporated in the
replication.

3. The statistical analyses and/or their theoretical foundations deployed to
distinguish anomalous and normal behavior are inadequate for the task.

4. The basic assumptions underlying the conceptual framework within
which these experiments were designed are incorrect or inadequate to
encompass the phenomena involved.

5. The phenomena underlying the anomalies are intrinsically irreplicable
and unpredictable, even on a statistical basis and even with all objective
and subjective parameters closely controlled, and thus are inaccessible
to definitive scientific study.

The last, most radical possibility surely should be deferred until all other op-
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TABLE P.5
Runlength Effects in PEAR Data

Measure BL LO HI

100-trial runs (139 series, 49 operators)
0.009540 - 0.013626 0.001468 0.007547

s 7.0661 7.0690 7.0621 7.0655
Z 0.5030 - 0.7184 0.0774 0.5627

1,000-trial runs (111 series, 42 operators)
- 0.009207 0.027955 0.016514 - 0.005721

s 7.0561 7.0504 7.0625 7.0565
Z - 0.4338 1.3172 0.7781 - 0.3812

Differences
Zdiff (H - T) 0.6586 - 1.4609 - 0.5286 0.6592

TABLE C.5
Runlength Effects in Concatenated Data

Measure BL LO HI

100-trial runs (510 series, 197 operators)
0.002045 - 0.015104 0.000382 0.007743

s 7.0572 7.0589 7.0675 7.0632
Z 0.2065 - 1.5254 0.0386 1.1059

1000-Trial Runs (240 series, 97 operators)
- 0.001196 0.017246 0.005858 - 0.005694

s 7.0582 7.0484 7.0701 7.0593
Z - 0.0828 1.1948 0.4059 - 0.5579

Differences
Zdiff (H - T) 0.1852 - 1.8482 - 0.3129 1.0856
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TABLE F.6
Series-Position Z-Scores in FAMMI Data

Series no. N BL LO HI

1 79 - 0.6335 - 1.5824 - 0.1781 0.9930
2 42 - 0.6873 0.2850 0.2091 - 0.0537
3 28 0.0651 0.1944 0.9221 0.5145
4 22 - 1.4731 0.7094 - 0.3814 - 0.7713
5+ 79 1.5829 0.0674 0.4750 0.2882

TABLE G.6
Series-Position Z-Scores in GARP Data

Series no. N BL LO HI

1 66 - 0.5879 - 0.0517 - 1.2969 - 0.8805
2 42 1.1227 - 2.2662 2.1226 3.1034
3 34 - 0.0476 - 1.2264 - 1.9581 - 0.5174
4 24 0.1433 2.5579 0.1652 - 1.6918
5+ 84 0.1225 - 0.4753 - 0.1796 0.2091

TABLE P.6
Series-Position Z-Scores in PEAR Data

Series no. N BL LO HI

1 66 1.0674 - 0.1349 0.8830 0.7197
2 23 1.7913 0.3870 - 0.2173 - 0.4273
3 14 - 0.1888 2.1980 1.3912 - 0.5705
4 13 0.0447 - 0.2642 0.2679 0.3763
5+ 134 - 1.3267 - 0.2268 - 0.2758 - 0.0347

TABLE C.6
Series-Position Z-Scores in Concatenated Data

Series no. N BL LO HI

1 211 - 0.1195 - 1.0726 - 0.3405 0.5177
2 107 1.1033 - 1.0618 1.3601 1.7126
3 76 - 0.0097 0.2411 - 0.1529 - 0.2786
4 59 - 0.7872 1.9405 - 0.0017 - 1.3734
5+ 297 - 0.0096 - 0.3703 - 0.0358 0.2365

tions are exhausted. Selection among the remaining categories may possibly
be informed by the internal structure of the experimental databases, e.g., from
the secondary parameter breakdowns of the previous section, the higher mo-
ments of the distributions, or the sequential correlations in the data streams. In
the prior PEAR studies, such attention to structural details of the data distribu-
tions proved instructive in analysis and interpretation of the experimental



databases, which in that case contained strong primary results. Indeed, most of
the salient features of these prior results devolved from such structural assess-
ments, and much of our admittedly tentative and incomplete understanding of
the basic nature of the phenomena is based on them. It behooves us, therefore,
to establish whether the contemporary replication database, despite its mini-
mal primary yield, nonetheless also embodies internal structural aspects that
depart significantly from chance expectation. If so, these could uncover some
other form and degree of anomalous effect, or indicate flaws in the experimen-
tal design that reduced the overall yield.
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TABLE F.7
Experimenter Effects in FAMMI Data

Measure BL LO HI

Experimenter number 1 (37 series, 8 operators)
0.025351 0.044757 0.001324 - 0.021716

s 7.0567 7.0840 7.0601 7.0721
Z 0.6896 1.2175 0.0360 - 0.8354

Experimenter number 2 (109 series, 15 operators)
- 0.010220 - 0.023670 0.013651 0.018661

s 7.0673 7.0583 7.0876 7.0729
Z - 0.4772 - 1.1052 0.6374 1.2322

Experimenter number 3 (80 series, 50 operators)
0.015900 - 0.008825 - 0.001388 0.003719

s 7.0316 7.0780 7.0534 7.0657
Z 0.6360 - 0.3530 - 0.0555 0.2104

Experimenter group 4 (24 series, 46 operators)
- 0.069708 0.000250 0.006583 0.003167

s 7.0741 7.0138 7.0751 7.0444
Z - 1.5272 0.0055 0.1442 0.0981

Chi-squared on Zs with 4 df (90% CE: 0.71–9.49)
2 3.4402 2.8283 0.4314 2.2701

Note:  df = degrees of freedom.

TABLE G.7
Control Mode Effects in GARP Data

Measure BL LO HI

Auto (193 series, 68 operators)
0.011927 - 0.015824 - 0.012176 0.001824

s 7.0529 7.0363 7.0685 7.0524
Z 0.7410 - 0.9831 - 0.7565 0.1602

Manual (57 series, 25 operators)
- 0.022333 - 0.001667 0.005789 0.003728

s 7.0661 7.0603 7.0808 7.0705
Z - 0.7541 - 0.0563 0.1955 0.1780

Differences
Zdiff (A - M) 1.0164 - 0.4200 - 0.5330 - 0.0799
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B. Structural Anomalies

1. Structural parameters. The data tables presented in section II.B.3 sum-
marize our attempt to collate the results of the three laboratories, individually
and collectively, with various experimental parameters, in the hope that any
significantly deviant subsets or disparities between alternative modalities
might illuminate the most important objective or subjective correlates. Specif-
ically studied, to varying degrees, have been the following structural cells: 

Operator Parameters
Gender: Male; Female; Multiple

Types: Formal; Staff; Student; Visitor
Protocol Parameters

Assignment of intention: Instructed; Volitional
Feedback modalities: Digital; Graphic; None

Machine control: Automatic; Manual
Run lengths: 100 trials; 1000 trials

Sequential Effects
Series-position

Experimenter Effects
Individuals by code number

As already noted, a substantial number of suggestive disparities have indeed
appeared in the data subsets. However, because of the number of cases exam-

TABLE G.8
Effects by GARP Operator Types

Measure BL LO HI

Formal operators (169 series, 41 operators)
- 0.005089 - 0.028266 - 0.002923 0.012672

s 7.0621 7.0330 7.0770 7.0550
Z - 0.2958 - 1.6433 - 0.1699 1.0418

Staff operators (30 series, 6 operators)
0.053967 0.008167 - 0.043100 - 0.025633

s 7.0115 7.0383 7.0532 7.0457
Z 1.3219 0.2000 - 1.0557 - 0.8880

Student operators (41 series, 17 operators )
- 0.033732 0.044415 - 0.019000 - 0.031707

s 7.0448 7.0622 7.0741 7.0681
Z - 0.9659 1.2718 - 0.5441 - 1.2840

Visitor operators (10 series, 5 operators)
0.165300 - 0.043800 0.054600 0.049200

s 7.1276 7.1166 7.0174 7.0670
Z 2.3377 - 0.6194 0.7722 0.9840

Chi-squared on Zs with 4 df (90% CE: 0.71–9.49)
2 8.2328 4.7418 2.0357 4.4910
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Fig. 1. FAMMI cumulative deviations.

Fig. 2. GARP cumulative deviations.
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Fig. 3. PEAR Laboratory cumulative deviations.

Fig. 4. Prior PEAR cumulative deviations.



ined, some seemingly meaningful distinctions may appear by chance, so we
cannot interpret the several large Z-scores in the structural tables until we have
somehow corrected for the multiplicity of tests, to learn whether these are in-
deed larger or more numerous than would be expected by chance for the num-
ber of analyses that have been generated.

The discussion of sequential and experimenter effects will be deferred to a
later section. For the moment, we will consider only the operator and protocol
parameters, as they are broken down in Tables F.2 through F.5, G.2 through
G.5, and P.2 through P.5. These tables report a total of 124 mean-shift Z-scores
for the various intentional condition subsets. More importantly, 76 Zdiff scores
for differences between parameter conditions are presented. Since any struc-
tural anomalies in these parameters would appear as differences of perfor-
mance between different parameter conditions, the 76 Zdiff scores are obvious-
ly the crucial population to test. We may also check the population of
mean-shift Z-scores, but this test is less central to the examination of structure,
first because the statistical resolution is relatively weak since each Z involves
only one half of a parameter comparison, and second because the absence of
an overall intentional effect makes significant mean shifts in these full subsets
much less likely.

We might naively suppose that we can perform the requisite multiple-tests
correction simply by comparing the large population of Zdiff scores to the theo-
retical Z distribution. For example, since the subset comparisons are not di-
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Fig. 5. Cumulative HI–LO differences for all three labs.
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rected, i.e., we do not have a prior hypothesis regarding the sign of any Zdiff, the
presence of structure might be expected to inflate the absolute magnitude of
some Zdiff scores, and therefore the standard deviation of the Zdiff score distribu-
tion. And, indeed, when we examine the standard deviations in these popula-
tions, we find that the 76 Zdiff values have a standard deviation of 1.258, rather
than the theoretically expected value of 1, a result unlikely with p = 0.00098.

At face value, this might seem strong evidence for structure in the Zdiff popu-
lation. The flaw in such a conclusion is that the analysis presupposes that the
scores comprising the population are mutually independent, which they are
not. To begin with, each score in the column of the data tables is strongly
correlated with the scores in the HI and LO columns. The breakdown in the
feedback parameter, having as it does three levels, produces a set of three para-
meter differences, each strongly correlated with the other two. Worse, there
are additional correlations between Z-scores in different parameter compar-
isons, because the populations are not in uniform proportion. For example, the
fraction of instructed-assignment series generated by females is not necessari-
ly the same as the fraction of volitional-assignment series generated by fe-
males, because of the freedom of operators to choose secondary parameters.
When these proportions are not equal, Zdiff (I - V) will acquire an intrinsic cor-
relation, positive or negative, with Zdiff (F - M). Similar considerations apply
among almost all of their parameter sets.

The presence of these correlations, of variable magnitude and sign between
different Zdiff scores, complicates the comparison with theory immensely, so
much so that the attempt was abandoned. Instead, it was decided to determine
the theoretical values of the population-summary parameters empirically
through a Monte Carlo procedure, the details of which are given in the next
section.

2. Monte Carlo simulations.

(a) General treatment. We wish to determine whether the populations of Z-
scores, especially the population of 76 Zdiff scores, emerging from Tables F.2
through F.5, G.2 through G.5, and P.2 through P.5, depart from the expected
chance distribution for this array of tests when applied to random data. To de-
termine this chance distribution, we employ a Monte Carlo procedure which in
essence involves repeatedly performing the analysis on data that are guaran-
teed to be random.

The analysis programs that were used to process the empirical data for the
above tables take, as input, the indicial information describing the parameters
for each series, and the actual data generated in the series. For the Monte Carlo
process, we submit to those programs exactly the same indicial information,
along with ersatz data constructed with a numerical pseudorandom algorithm
to match the null-hypothesis distribution for these experiments. The fact that
we are using the indicial information from the actual experiments guarantees
that we reproduce the correct correlation structure in the output Z population.



(We use simulated data rather than simply reordering the actual data, because
if structure does exist in the actual data, the statistics of the raw data must nec-
essarily be distorted to some extent. Randomly reordering the raw data, as is
often done in Monte Carlo applications, does not serve our purpose in the cur-
rent case. A random reordering breaks the connection between the data and the
indicial information but leaves intact—merely relocated—the shifted values
that constitute the structural anomaly and therefore does not give a reliable
measure of the null-hypothesis distribution.)

Thus, each iteration of the Monte Carlo process produces its own population
of 76 Zdiff scores. (It also produces a population of 124 mean-shift Z-scores,
which are also analyzed and reported for the sake of completeness.) This
process is then repeated a total of 5000 times to ensure that the distribution pa-
rameters are well estimated. Any measure—e.g., the standard deviation de-
scribed above—that characterizes the population of Zdiff scores produced by
the actual data thus can be compared with 5000 samples from its null-hypoth-
esis distribution produced by the Monte Carlo procedure.

Table M.1 presents the results of this comparison with the Monte Carlo pop-
ulations for several such summary measures. Each of these measures is a
slightly different quantification of the qualitative hypothesis that the popula-
tion of Zdiff scores in the actual data has larger absolute values than predicted
under the null hypothesis. The measures presented are the standard deviation,
discussed above; the largest absolute value of any Zdiff in the population; and
the number of Zdiff scores in the population exceeding each of three thresholds.
The “population” referred to here is always the population of 76 Zdiff values (or
in Table M.1a, 124 mean-shift Z-scores) produced by a single instance of the
analysis, real or simulated (not the population of 5000 simulated instances).

The columns of Table M.1 present, first, the value of the named measure in
the actual data; next, the mean and standard deviation of the named measure
across the 5000 Monte Carlo iterations; and next, the number of Monte Carlo
iterations where the value of this measure exceeds the value in the actual data.
(The number in this column, when divided by 5000, is a form of empirical
upper-tail p-value describing the position of the actual data in the Monte Carlo
distribution.) A final column presents measure values obtained when the actu-
al data are replaced, not by simulated data but by calibration data from the ex-
perimental apparatus. This is included as a precaution against the possibility
that differences between real and simulated data might derive from properties
of the physical data source, rather than from an experimental effect. The actu-
al calibrations from Freiburg, Giessen, and Princeton were used to replace the
experimental data for their respective laboratories, in this calculation.

From Table M.1, we note that, as expected, the population of 124 mean-
shift Z-scores is indistinguishable from the null hypothesis distribution as con-
structed by the Monte Carlo process. The Zdiff Table M.1b, however, is much
more interesting. For example, the standard deviation of the Zdiff population
now yields a p-value of .014, quite different from the erroneous calculation
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mentioned above, but clearly indicative of anomalous structure. Although con-
ceptually the standard deviation increase is the primary indicator of a modified
Zdiff distribution, the other measures can provide additional information about
the nature of the modification. However, the introduction of these different
measures might suggest that the question of multiple analysis has appeared yet
again, requiring some form of Bonferroni correction. This multiplicity is an
unavoidable consequence of the initial exploratory decision to examine sever-
al specific ways in which the actual population of Zdiff scores might depart from
the null hypothesis prediction. It is possible, however, to render irrelevant all
issues of multiple testing by calculating a single summary statistic encompass-
ing all five measures presented in Table M.1.

As the table shows, each of the five measures has a mean and standard devi-
ation determined from the Monte Carlo population. A normalized score can be
calculated for each parameter relative to this distribution by subtracting the
distribution mean from the observed value and dividing the difference by the
standard deviation. (We do not call this normalized score a Z-score because
some of the measures are not normally distributed.) The sum of these normal-
ized scores is a single statistic that weights equally the departure from Monte
Carlo norms in each of the five measures. This sum can be calculated not only
for the actual data but also for each individual iteration of the Monte Carlo
simulation. Comparing this combined-measures summary statistic in the real
data with the distribution of values in the 5000 Monte Carlo iterations gives us
a single, definitive p-value for the degree to which the real data stand out from
the null hypothesis: There are 109 iterations that exceed the real data in the
summary statistic, and 0 exact ties, leading to a p-value of .022. Since this is a
single-test result requiring no correction, we may safely conclude that the pop-
ulation of Zdiff scores in the PortREG database can be distinguished from the
null hypothesis at a p = .022 level. Thus the apparent structural anomalies
noted in Tables F.2 through F.5, G.2 through G.5, and P.2 through P.5 are, to
this same level of confidence, real differences rather than statistical artifacts.

Figures 6, 7, and 7a represent these results in an instructive graphical form.
Figure 6 shows the positions of the full subset empirical data Z-scores on the
Monte Carlo calculated distributions. As expected, there is little departure
from chance behavior here, save a slight positive shift of the largest Z-value. In
Figure 7, however, substantial displacements of the empirical Zdiff values with
respect to the Monte Carlo background are clear by each of the five criteria,
reaffirming the numerical values mentioned above. Figure 7a, shows similar
major displacement of experimental value of the composite statistic just de-
scribed, with respect to the Monte Carlo distribution.

While this analysis cannot guarantee that any particular subcells are aber-
rant, it can identify a hierarchy of such disparities that are most likely to repre-
sent legitimate structural anomalies. For example, Table M.2 lists the ten most
prominent departures of the subcell difference Z-score from their correspond-
ing Monte Carlo simulations, indexed by direction of intention and laboratory.



The secondary parameters are given in the order that makes the Zdiff positive;
thus, the first entry lists “V - I,” denoting that the volitional data have a larger

-effect than the instructed. From Table M.1b, we know that the number of
Zdiffs in the range above 2.0 to be affected by chance is about 3.5; hence, it is
likely that some six or seven of the entries in Table M.2 correspond to real,
nonrandom differences in operator achievements.

(b) Most favorable cells. While such Monte Carlo treatments provide no
guarantees that any given one of these categories in fact entails anomalous re-
sults, they can provide guidelines for the most profitable cells to study more
directly, leading to identification of the more important secondary parameters,
and hence possibly to superior further experiments. As just one example, the
data subset comprising all of the trials performed at the GARP laboratory
using volitional assignment of direction of intention, nongraphic feedback, au-
tomatic machine control, and 100-trial runs shows a significant yield in the
HI–LO separation of  = 0.488 ± 0.0241 (Z = 2.02), whereas the subset of all
data delineated by instructed assignment, graphic feedback, automatic control,
and 1000-trial runs shows a strong negative yield of = - 0.2308 ± 0.0913 (Z =
- 2.53). The source of this disparity may be further localized by noting that the
combination of all GARP instructed, graphic subsets yields = 0.1010 ±
0.0323 (Z = - 3.13), suggesting that the subjective parameters of volitional/in-
structed assignment and graphic/nongraphic feedback were particularly perti-
nent to GARP operator performance. Such observations then prompt examina-
tion of the corresponding subsets in the FAMMI and PEAR databases to see if
such effects appear in these venues, as well.

To facilitate such interlaboratory cell comparisons, it is necessary to devise
a standard procedure for dividing all of the PortREG databases into commen-
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TABLE M.1
Comparison of All Laboratory Data with 5000 Monte Carlo Simulations

Measure Data 5000 Monte Carlos No. M. C. > data Calib. data

(a) Distributions of 124 mean-shift Z-scores
SD of Z 0.961 0.980 + 0.129 2659 0.888
Largest |Z| 2.941 2.691 + 0.437 1289 2.705
No. (of 124): |Z| > 1.5 16 16.702 + 6.932 2518.5a 13
No. (of 124): |Z| > 2.0 5 5.725 + 4.037 2443 a 5
No. (of 124): |Z| > 2.5 1 1.572 + 1.950 2532 a 1

(b) Distributions of 76 Zdiff scores
SD of Zdiff 1.258 0.995 + 0.114 68 0.937
Largest |Zdiff| 3.184 2.597 + 0.432 452 2.901
No. (of 76): |Zdiff| > 1.5 19 10.206 + 3.834 91.5a 7
No. (of 76 ): |Zdiff| > 2.0 10 3.540 + 2.299 49.5a 4
No. (of 76 ): |Zdiff| > 2.5 2 1.003 + 1.189 961a 1

a Since these parameters are discrete, an exact match can occur between the value in the actual
data and the value in a Monte Carlo iteration.  Therefore, the number reported here is the number
of Monte Carlo values strictly greater than the data plus one half the number of exact matches;
this is a standard approach to calculating tail populations with discrete data.



528 R. Jahn et al.

surate subsets that control for various possible confounds. As already noted,
many of the subset parameters are mutually confounded due to unequal subset
sizes. For example, the GARP data appear to show differences between inten-
tional assignment modes and also between feedback modes. Since the propor-
tions of a given assignment mode are not guaranteed to be the same in all feed-
back modes, when we only dissect the data according to one parameter at a
time we cannot know whether (a) a real difference between assignment modes
drives an apparent difference between feedback types, (b) a real difference be-
tween feedback types drives an apparent difference between assignment
modes, (c) both parameters are independently important, or (d) both parame-
ters are interdependently important; i.e., that the difference in performance
might not be associated with either parameter in isolation but only appears
when they jointly take on appropriate values. To distinguish these cases, we
need to decompose the data according to several parameters at once, creating
“cells” that are consistent according to several secondary parameters. This has
two benefits. First, we can distinguish among cases (a) through (c), by making
unconfounded tests for each parameter. Second, we can identify case (d) if the
differences between cells contain information not explicable in terms of the
unconfounded effects of isolated parameters.

Ideally, one should break down the data according to all secondary parame-
ters. Unfortunately, there are so many of these that to make such a complete
subdivision would result in very small data subsets with correspondingly poor
statistical resolution. Moreover, there is a significant risk that some cells in
such a complete breakdown would be entirely empty, appreciably complicat-
ing the interpretation. As a balance between rigor and practicality, the follow-
ing compromises are made:

1. Only “optional” parameters subject to operator choice are considered.
Gender, fixed for each operator, is ignored. Series position, also not op-
tional, and in any case showing hard-to-interpret variations, also is ig-
nored.

2. Only parameters for which all three laboratories examined the parameter
are considered. This reduces the selection to assignment mode, run
length, and feedback.

3. Because each laboratory has a huge majority of its data in the graphic
feedback condition, the other two modes are collapsed into a single
“nongraphic” feedback category.

The result of these compromises is the eight-cell (2 2 2) breakdown used
in Table C.7 and Figures 8–11. In these, a three-letter code is used to indicate
the parameter values: the first letter, I or V, refers to instructed or volitional as-
signment; the second, G or N, to graphic or non-graphic feedback; the third, H
or T, to 100-trial or 1000-trial runs. The values plotted on the figures are ab-
solute mean shifts in direction of intention for HI, LO, BL, and . The Z-scores
tabulated in Table C.7 are based only on the -effect, but all four intentional
conditions are plotted in the figures.



Returning to our particular example, the comparisons of performance under
the volitional, nongraphic, 100-trial protocol (VNH), and the instructed,
graphic, 1000-trial protocol (IGT), are seen to be particularly inconsistent
across the three laboratories. This has encouraged further, ad hoc experimen-
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Fig. 6. Mean-shift Z-scores vs. Monte Carlo populations .
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tation, which is now in progress, and has prompted some new initiatives in the-
oretical modeling, which cannot be detailed here.

Similar structural exercises can be attempted in terms of other discrimina-
tors suggested by the Monte Carlo “most prominent” list above, such as opera-

Fig. 7. Difference Z-scores vs. Monte Carlo populations .



tor gender, or single vs. multiple operators, both of which revealed striking dis-
parities in the prior PEAR studies. In the replication studies, however, these ef-
fects are not so clearly evident. With reference to Tables F.2, G.2, and P.2, the
only suggestive disparities appear in the PEAR data alone, and here most
prominently in the single- vs. multiple-operator comparison, which was not
explored by the other laboratories. Nonetheless, Table C.7 also presents a set
of rudimentary correlation coefficients that indicate a much closer correspon-
dence of the cell-by-cell result patterns between GARP and PEAR than be-
tween FAMMI and either other laboratory.

Obviously, it would be most desirable if it were possible by some means to
extract from these structural cell results a completely unconfounded set of cor-
relations with individual secondary parameters. Some form of analysis of vari-
ance (ANOVA) suggests itself, and indeed such has been employed twice in
analyzing the prior PEAR data (Nelson et al., 1991, 2000), but even with the
much higher overall yield of that database, the insights gained thereby did not
vastly exceed those acquired from more directed ad hoc analyses. Nonethe-
less, once one has the cell scores, it is straightforward, although tedious, to
construct the unconfounded secondary parameter effects. For example, to as-
sess the effect of assignment mode, one must first compare the four pairs of
cells that differ only in this parameter, i.e., IGH vs. VGH, IGT vs. VGT, INH
vs. VNH, and INT vs. VNT. Each of these comparisons can be reduced to a dif-
ference Z-score using the formula at the end of section II.1. The four Z-scores
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Fig. 7a. Composite statistic for difference Z vs. Monte Carlo.
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so produced then can be combined into a single Z giving the overall effect of
that parameter, according to the composition rule:

Zc =

Á
NX

i= 1

Z i Ö ni

! .
vuut

NX

i= 1

ni (2)

where Zc denotes the composite Z for a set of scores, Zi, all measuring the same
effect on databases of sizes ni, i = 1,…,N. In this manner it is possible to extract
unconfounded correlations with certain specific secondary parameters, with
the results displayed in Table C.8.

Particular further examples could be cited, but the broader point at issue is
that the combination of the Monte Carlo simulations of the cellular data sub-
sets with subsequent specific analyses of the most suggestive cells may help to
localize the most pertinent objective and subjective parameters, and to refine
future experiments to optimize these factors. We feel that only through such a
detailed and disciplined process, tedious as it may be, is there hope for more ef-
fective and replicable experimentation, leading to better understanding of the
phenomena.

3. Series-position effects. One possible structural indicator not explicitly
explored in the Monte Carlo comparisons but readily accessed within the vari-
ous laboratory databases, commonly termed “series-position effects,” relates
to the evolution of operator performance as a function of the number of exper-
imental series performed. The prior PEAR data displayed a remarkably ubiqui-
tous and consistent trend for scores to be highest for the first series attempted,
then to deteriorate for the next two series, then to return to higher performance
on the fourth, fifth, and subsequent series (Dunne et al., 1994). With reference
to Tables F.6, G.6, and P.6, some such serial oscillations of performance are ap-
parent, particularly in the GARP and PEAR data, but these are far from consis-
tent across the three laboratories. Nonetheless, the composite data (Table C.6)
also show some series-position pattern, but quite different from that of the
prior PEAR results.

TABLE M.2
Most Prominent Z-Score Differences from Monte Carlo Comparisons

Parameter Intention Lab Zdiff

ASG V–I GARP 3.184
GEND M–F BL FAMMI 2.764
RUNL T–H LO GARP 2.380
FDB D–N HI GARP 2.294
ASG I–V LO GARP 2.284
FDB D–N BL GARP 2.280
ASG V–I HI GARP 2.219
FDB D–G HI FAMMI 2.083
MULT 2–1 PEAR 2.052
FDB D–G GARP 2.035



As a supplementary indicator, standard 2 tests applied to these patterns, com-
puted relative to chance expectation and relative to their respective empirical
mean values, are displayed in Table C.9, along with their corresponding proba-
bilities of chance occurrence. The last line presents the same analysis of the prior
PEAR data. Clearly, only the GARP data exhibit a credible series-position
pattern, albeit quite different in form than the prior PEAR results. Namely, the
highest scoring in that replication is occurring in the second series, rather than
in the first, and the lowest scoring in the fourth, rather than the third. In other
words, the series pattern has shifted by one series.

4. Operator-specific features. Another structural anomaly identified in the
prior PEAR data was the persistence of individual operator accomplishment
features or “signatures,” apparent over several series of effort, or over entire
databases. Since few of the operators involved in the replication studies pro-
duced sufficient data for us to pursue this tendency solely in that context, we
have modified the question to query whether those five operators who have ap-
preciable databases in both the prior PEAR experiments and the replication
study show similarities of performance between the two applications. For each
of these operators, we calculate a Z-score for the difference in their 
HI–LO performance between the old and new experiments, using the Zdiff for-
mula in Equation 1. We use the same formula to calculate differences between
their performances in the three individual intentions, HI, LO, and BL. The sum
of the squares of those Zdiffs becomes, for each operator, a 2 with 3 df measur-
ing the overall change in performance across all three intentions between the
original experiment and the replication. The results, along with the associated
chance probabilities, are presented in Table P.7. Two potentially instructive
features are apparent. On the one hand, the first four operators, both individu-
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TABLE C.7
Z-Scores in Secondary Parameter Cells, by Laboratory

Parametera FAMMI GARP PEAR All 3 labs

IGH - 0.1786 - 2.2266 - 0.0242 - 0.9242
IGT 0.9816 - 2.2378 - 0.3176 - 0.5417
INH 1.0979 - 0.7526 - 0.9888 - 0.3014
INT 0.5841 1.0941 0.4109 0.9127
VGH 0.0521 0.9335 0.8102 0.8740
VGT 0.2443 - 0.4092 - 0.7436 - 0.6242
VNH 0.4738 2.0454 1.3287 2.4720
VNT - 0.4919 - 0.5920 0.6725 - 0.1659

Correlation coefficients of these response patterns
FAMMI–GARP FAMMI–PEAR GARP–PEAR

- 0.0061 - 0.4500 0.6501
Z( ) - 0.0143 - 1.1188 1.7452

Note: = correlation coefficient; = 1 = perfect correlation; = - 1 = perfect anticorrelation;
Z( ) = standard normal deviate corresponding to value of .
a I = instructed protocol; V = volitional protocol; G = graphic feedback; N = no feedback; H = 100-
trial runs; T = 1000-trial runs.
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Fig. 8. FAMMI group data split by assignment (I,V), feedback (G,N), and run length (H,T).

Fig. 9. GARP data split by assignment (I,V), feedback (G,N), and run length (H,T).
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Fig. 10. PEAR data split by assignment (I,V), feedback (G,N), and run length (H,T).

Fig. 11. All data split by assignment (I,V), feedback (G,N), and run length (H,T).
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ally and collectively, performed remarkably similarly on the two experiments.
On the other hand, Operator E displays a stark difference in performance be-
tween the prior PEAR and replication efforts that is virtually an inversion or
“antireplication” of the prior “signature.” (It may be worth noting that this op-
erator repeatedly expressed strong resistance to being asked to validate a prior
achievement through replication.) Clearly, these contradictory results cannot
be resolved further without considerably more operator-specific data, but the
subjective issue raised could ultimately prove important.

Other aspects of operator-specific structural anomalies have also been ex-
plored by similar 2 techniques. For example, the possibility that a mixture of
strong performances in the intended directions and in the directions opposite
to intentions among the individual operators may cancel one another in the
overall yield, thus obscuring the operator-level effects in the database, can be
checked by a 2 calculation encompassing all operators at the three laborato-
ries, under all intentions. Specifically, by squaring the individual operator Z-
scores (thus obtaining a sign-independent quantity) and adding these across all
operators, we construct a 2 with degrees of freedom equal to the number of
operators. Table C.10 presents such results for the three laboratories along with
their associated chance probabilities (in parentheses). Because the prior
PEAR experiments indicated a gender difference in the tendency toward idio-
syncratic performance, the databases are subdivided by gender as well as by
laboratory.

Since the 2 tests on the three individual intentions are mutually indepen-
dent, they can be collected in a combined value indicative of the overall depar-
ture from chance behavior in all three intentions (last column). No elevated
values that would suggest idiosyncratic operator performance appear. To the
contrary, the PEAR female operators show a strikingly depressed 2, especial-
ly in the LO intention, that compounds to an extraordinarily diminished value
across all three intentions (39.33 on 66 df; p = .996). Considered as an improb-
ably small 2, this corresponds to p = .004, which we must immediately correct
to .008 since we are willing to consider both unusually large and unusually
small 2. Bonferroni adjustment of this value for the seven independent sub-
sets (two genders each at GARP and FAMMI, three at PEAR) still leaves a
suggestive p = .051. Thus, there are moderate grounds for suspecting that this
particular operator population is somehow producing performances that clus-
ter too tightly about zero yield. Such calculations have been repeated on a se-
ries-by-series basis. Again, only the PEAR females show significant anom-
alies that survive the multiple-testing adjustments. It also may be worth noting
that the data collected on series-position effects (Tables F.6, G.6, P.6, and C.9)
and on operator-specific features (Tables P.7 and C.10) show a polyglot nature
of above-chance occurrences similar to those covered in the Monte Carlo treat-
ment (Table C.7).

5. Standard deviations. A different form of structural irregularity that may
have indicative value can be detected in the individual laboratory and compos-



ite databases. Even cursory examination of the tables of section II.B reveals
many instances where the trial-level standard deviations are less than the theo-
retical value of 7.071. This, of course, might be an artifactual result of a flaw in
the random noise sources, so these standard deviation figures should be com-
pared not with the theoretical value, but with an empirical value derived from
the concurrent calibrations of the instruments (cf. Appendix I). Since the three
calibration datasets have consistent means and standard deviations, a pooled
estimate of the latter may be constructed, yielding s = 7.0710 with an empiri-
cal uncertainty of ±0.0028. Table C.11 reports Z-scores for the difference be-
tween the trial-level standard deviations of the active experimental data and
this calibration estimate.

This method of comparison to an empirical standard technically makes them
Student’s t-scores rather than Z-scores. However, since there are well over
10,000 degrees of freedom in even the smallest datasets examined, the differ-
ence between the Z and t distributions safely may be neglected. By either stan-
dard, we find a statistically robust difference between the active experimental
data and the calibration data in the composite across all three laboratories that
is driven by substantial depressions in the LO and BL conditions. The prior
PEAR finding of significantly higher experimental standard deviations for fe-
male operators compared to males (Dunne, 1998) is not sustained in magni-
tude by the replication data, although virtually all of the individual laboratory
results show slight separations in this direction.

6. Counts of successful operators and series. In addition to the trial-score
distribution criteria on which all of the preceding tabulations and discussions
are predicated, the data also have been examined in terms of the fraction of ex-
perimental series and the fraction of operators, whose results conform to any
extent with the direction of intention. Although those perspectives had proven
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TABLE C.8
Difference Z-Scores of Unconfounded Secondary Parameters

Parameter test FAMMI GARP PEAR All 3 labs

Assignment (I–V) 0.4224 - 2.9204 - 0.9689 - 1.2611
Feedback (G–N) - 0.7343 - 1.0871 - 0.4485 - 1.7823
Runlength (H–T) - 0.4275 1.3792 0.5599 0.9331

TABLE C.9
2 Tests for Series-Position Z-Scores

Laboratory 2 (vs. theory); 5 df a p of 2 2 (vs. empirical mean); 4 df p of 2

FAMMI 1.9316 .859 1.7431 .783
GARP 13.5799 .019 13.5699 .009
PEAR 1.1688 .948 1.1680 .883
All 3 labs 5.2207 .390 5.0880 .278
Prior PEAR 27.3385 .00005 18.2453 .001
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instructive in some of the prior work, they clearly are not independent of the
mean-shift values and in this replication study have added little new insight.
Nonetheless, full tabulations of these quantities are available on request.

IV. Summary Comments

As described in the introductory section, this coordinated replication study
was the first collaborative research project attempted by the Freiburg, Giessen,
and Princeton laboratories, as much to test the viability of the consortium con-
cept, structure, management, and operations strategy as to create a major new
database in mind/machine anomalies. By the former criterion, the project has
been undeniably successful in that methods for provision of common experi-
mental equipment, acquisition and reduction of experimental data, and analy-
sis and interpretation of results have been well established and are available for
deployment in subsequent research endeavors. Visitation and exchange of per-
sonnel among the laboratories at both the staff and management levels occur
frequently, and the electronic communication channels that enable sharing of
data and ideas function on a regular basis. In short, this first project has
demonstrated that this ambitious consortium can function productively on
such collaborative research enterprises.

As far as the replication results themselves are concerned, we are left with
an empirical paradox. Whereas the prior PEAR experiments clearly displayed
anomalous secular trends in REG output distribution means in correlation with
operator intention, the three-laboratory replications, which employed essen-
tially similar equipment and protocols, failed by an order of magnitude to
replicate the primary correlations. Yet, these replication studies presented in-
stead a substantial pattern of structural anomalies related to various secondary
parameters, to a degree well beyond chance expectation and totally absent
from the calibration data. To borrow a fluid mechanical metaphor, it is as if the
influence of operator intention now was manifesting itself as a structural “tur-
bulence” in the output data of the replication, rather than in a more orderly dis-
placement of the data streams as was found in the prior PEAR studies.

With the various ad hoc examinations of these structural details described in
sections II and III in hand, our search for some understanding of this substantial
change in the character of the anomalous responses of the machines to operator

TABLE P.7
Consistency of Operators Between Prior PEAR and Replication Experiments

Operator 2 (p) Z (p [2-tail])

A 1.564 (.67) 1.049 (.29)
B 0.200 (.98) 0.125 (.90)
C 0.934 (.82) - 0.868 (.39)
D 0.460 (.92) 0.158 (.87)
E 14.035 (.003) 3.255 (.001)



intention may be aided by systematic reconsideration of certain explicit and im-
plicit assumptions with which the replication studies were undertaken:

1. Source independence: The anomalous effects would manifest in the
same form and scale on the PortREG sources as they had on the original
PEAR benchmark machine.

The prior PEAR data reported in Table 0 had been generated using a far
more expensive and complex REG device that was replete with an array of
failsafe controls, interior checkpoints, and other protections against short- and
long-term deviations from strictly random behavior, that would unequivocally
guarantee the integrity of the experimental results. The shift to the much sim-
pler, less expensive, and more portable PortREG equipment seemed justified
on the basis of its earlier successful deployments in other PEAR-based experi-
ments, most notably our FieldREG studies (Nelson et al., 1996, 1998), and an
extensive body of past evidence that comparable anomalous results could be
obtained utilizing categorically different random physical sources (Jahn et al.,
1997; Schmidt & Pantas, 1972). Yet, since that time certain other applications
of PortREG equipment also have failed to produce results comparable with the
prior benchmark findings, raising some questions about its consistency of sen-
sitivity to operator intention (Jahn et al., 2000).

It has been suggested by one of PEAR’s long-term operators that this reduc-
tion in effect may not be attributable to physical differences in the noise
sources, per se, but to the shift of the REG unit from its original central focus
in the experimental configuration to one where it appears to play only a pe-
ripheral supporting role to the computer that now dominates the operator’s at-
tention. Specifically, in the prior PEAR experiments digital feedback was pre-
sented as an LED display on the face of the REG device itself, with the
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TABLE C.10
Operator Performance 2 Values (with Associated Probabilities)

Dataset dfa BL LO HI Combined a

FAMMI
Female 40 49.05(.15) 35.62(.67) 46.43(.22 ) 32.95(.78 ) 131.09(.23)
Male 40 32.75(.79) 45.56(.25) 32.55(.79 ) 34.26(.73) 110.86(.71)
All 80 81.80(.42) 81.18(.44) 78.98(.51 ) 67.21(.85) 241.96(.45)

GARP
Female 34 34.16(.46) 31.82(.57) 31.34(.60 ) 28.30(.74) 97.33(.61)
Male 35 43.45(.15) 34.80(.48) 38.71(.31 ) 40.37(.25) 116.96(.20)
All 69 77.61(.22) 66.62(.56) 70.05(.44 ) 68.67(.49) 214.28(.35)

PEAR
Female 22 12.50(.95) 7.55(.998) 19.28(.63 ) 13.07(.93) 39.33(.996 )
Male 36 33.74(.58) 41.42(.25) 32.07(.66 ) 40.53(.28) 107.23(.50)
Co-operator 20 19.85(.47) 23.54(.26) 12.42(.90 ) 18.38(.56) 55.81(.63)
All 78 66.09(.83) 72.51(.65) 63.77(.88 ) 71.98(.67) 202.37(.93)

a The degrees of freedom for the “Combined” column,which sums up the mutually independent
contributions of BL, LO, and HI, are triple the number listed in the “df ” column.
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TABLE C.11
Z-Scores for Trial-Level Standard Deviations, by Laboratory and Gender

Data BL LO HI

All FAMMI - 1.5449 - 0.6599 0.0309 - 0.4301
Male - 1.2757 - 0.7104 - 0.2837 - 0.6886
Female - 0.9388 - 0.1895 0.4019 0.1466

All GARP - 1.4539 - 2.8142 0.0257 - 1.9009
Male - 1.4974 - 2.0454 0.4544 - 1.1032
Female - 0.6035 - 2.0089 - 0.4123 - 1.6786

All PEAR - 0.8997 - 0.9880 - 0.8451 - 1.2515
Male - 0.8280 - 0.9173 - 1.2155 - 1.4791
Female - 0.1623 - 0.2035 0.1221 - 0.0572
Co-Op - 0.5499 - 0.5625 - 0.1638 - 0.5111

Composite - 2.1027 - 2.4051 - 0.4257 - 1.8329

Note: Z-scores calculated from normal approximation to the distribution of standard deviations,
which is accurate for these large datasets.

computer playing a more passive data-recording role, and the redundant
archival data hardcopy was produced contemporaneously with the generation
of the experimental data, rather than in a deferred printout. In the PortREG ex-
periments, however, the noise source is housed in a small, unobtrusive gray
box that is a far less evident component of the experimental system. Operator
feedback, both digital and graphic, is produced on a computer display, rather
than on the noise unit itself, and data printout is under computer control on a
separate printer facility that operates only at the end of the run. Thus, the sub-
jective experience of an operator generating data differs appreciably between
the two experiments, so that while it is possible that the PortREG devices are
still inherently sensitive to operator intention, their less prominent role in the
experimental configuration may compromise their patterns of response. An-
other operator has suggested that the vast proliferation of interactive, visually
engaging computer displays into public and personal applications over the past
decade may have eroded much of the novelty of this format of human/machine
interaction, rendering the experimental task less challenging and enjoyable. In
either case, the role of feedback, rather than the noise source itself, may be the
more pertinent concern, as further discussed in items 3 and 4 below.

2. Operator pool equivalence: The overall performance of the pool of oper-
ators performing the replication experiments would be similar to that of
the pool of operators that produced the prior PEAR results.

This presumption seemed soundly based on extensive earlier results that
these anomalous effects invariably appeared as broadly distributed, marginal
shifts over the full operator population, rather than being dominated by a few
exceptional operators (Jahn et al., 1997). The fact that PEAR, continuing its
policy of using only uncompensated, anonymous volunteers, many of whom
had participated in the prior experiments, achieved no better replication than
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GARP or FAMMI, who followed more structured handling of operators, con-
tinues to suggest that the composition of the operator pool, per se, is not likely
to be a major factor. Yet, some of the structural evidence from this present
study, as discussed in items 4 and 7, may indicate otherwise.

3. Insensitivity to secondary parameters: The overall results would be in-
sensitive to minor alterations in the secondary experimental
parameters.

The prior PEAR data generated with digital feedback or no feedback were
statistically indistinguishable from the graphic-feedback data, leading to the
assumption that feedback was a matter of indifference or at most of individual
operator aesthetic preference. Both of the ANOVA studies of the prior PEAR
data also failed to uncover any overall feedback sensitivity. Yet, the differ-
ences in replication results related to this parameter indicate that it may have
been a mistake to choose graphic feedback as the introductory default, even
though it seemed to be the most popular choice of the operators. Similar con-
siderations apply to the run-length option. Indeed, the breakdown by sec-
ondary parameter cells in Table C.7 indicates that data generated solely in the
most conducive secondary conditions had effect sizes comparable to those
seen in the prior PEAR experiments. While none of this explains why the rela-
tive insensitivity to these parameters observed previously should have
changed, this presumption also now must be questioned.

4. Insensitivity to operator attitudes: Various psychological or subjective
parameters pertinent to operators’ attitudes in addressing the experi-
mental task, such as their prevailing emotional state, their sense of pur-
pose or enjoyment, the laboratory ambience, the experimenter’s expec-
tations, and other environmental factors, would be adequately preserved
in the aggregate by the operator selection and handling procedures ex-
ercised in the replication.

Prior PEAR experience (Jahn & Dunne, 1988, 1997), supplemented by ex-
tant psychological and parapsychological literature (Rosenthal, 1963; Schlitz,
1986), suggested that certain aspects of the experimental ambience may be
conducive to generation of anomalous effects. Examples include a friendly, re-
laxed, even playful atmosphere; a supportive attitude summarized as “permis-
sion to succeed;” a lack of pressure or urgency for success; an “unfocused” or
“long-wavelength” state of thought and attention; etc. Given the nonreplica-
tion, however, it now appears that either these psychosocial factors are not so
important or we failed to instill a propitious balance of them into our opera-
tors’ experiences.

Possibly supportive of the importance and difficulty of maintaining these
attitudinal factors is some mild evidence for an “epochal” segmentation of the
chronological results from each laboratory. For example, with reference to the
cumulative deviation graphs of Figure 5, we can identify in each laboratory’s
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full record long spans of HI–LO yield (FAMMI: trials 60,000–195,000;
GARP: trials 245,000–345,000; PEAR: trials 195,000–350,000) that were
quite comparable to those of the prior PEAR studies. The reality of such bi-
modal inhomogeneities in these databases, vis-à-vis chance excursions of bi-
nary random walks, cannot be confirmed statistically for this amount of data,
but it is interesting to recall that the larger body of prior PEAR results also dis-
played a bimodal epochal character that took a statistically more convincing
form. Specifically, there we found three virtually equal-length epochs, having
strong performance over the first, chance performance over the second, and
strong performance over the last (cf. Figure 12). While it is difficult to establish
a Bonferroni-type correction factor for this sort of retrospective reexamination
of an extant database, taken at face value the distinction between the three
epochs is quite significant ( 2 = 7.566 on 2 df, p = .0228). The second epoch is
a “nonreplication” of the first quite as stark as the overall PortREG nonreplica-
tion and is of a comparable scale. It was earlier noted that taking the overall
prior PEAR database as a standard, the replication effort refuted the prediction
at a level of Z = - 2.87. Yet, Figure 12 shows us that when PEAR itself, em-
ploying a known, productive experiment with the same protocols and operator
pools, generated an REG database of the scale of PortREG three times in suc-
cession, it failed to show anomalous yield one time in three. In this view, the
joint failure of three laboratories to replicate is an event with p = .037, rather
than the p = .004 one would infer from the above Z-score.

In both the prior PEAR and replication cases, the strong epochal results are
diluted by the remainder of their respective databases. Nevertheless the pres-
ence of extended segments of high yield, and of negligible yield, in both the
prior PEAR and in all three replication databases, raise valid questions con-
cerning what subjective factors bearing on the operators or, for that matter, on
the experimenters, prevailed during these lengthy periods of apparently suc-
cessful replications, and did not in the other, nonproductive major segments.

5. Intention as primary correlate: The specification and control of opera-
tor “intention” is adequate to designate this property as the primary
correlate of the anomalous effects.

While there is no doubt that the stipulation of an operator intention as BL,
HI, or LO, irrevocably specified and recorded prior to initiation of an experi-
mental run, qualifies as an objective index for the subsequent data, it is equal-
ly clear that the processes by which the operator assumes and deploys that in-
tention are inherently subjective in character, and hence potentially vulnerable
to any influences that alter that subjectivity. We need look no further than the
substantial aberrations in baseline behaviors, or the ubiquitous constrictions
of trial-level standard deviations, or the epochal successions just mentioned,
to infer that subtle subconscious as well as conscious mental and emotional
processes may be at work in conditioning the operator’s expression of inten-
tion. How these processes react to the perceived “success” or “failure” of an



ongoing experimental run or of a previously completed series; to the opera-
tor’s sense of “resonance” with the experiment; to the sense of importance of
the achievement; or to the temporal variations in the operator’s mood or state
of health are not really illuminated by these experiments, and remain far from
our grasp. What does emerge, however, is a legitimate question as to whether
intention is the best primary correlate for such anomalies or, as suggested by
the FieldREG experiments (Nelson et al., 1996, 1998), some subtler criterion
for the requisite mind/machine “resonance” would be more fundamental, or at
least complementary to it.

6. Replication criterion: Successful replication validates the phenome-
non; failure to replicate disqualifies it.

The concept of objective replication or falsification is crucial to the exact
sciences. Yet examples abound where varying degrees of compromise with
rigorous replicability have been tolerated out of pragmatic necessity. For ex-
ample, the essential indeterminancy of quantum events forced physicists to ac-
knowledge that for some experimental configurations, no degree of control
over the apparatus will allow the exact prediction of a single observation. In-
stead, exact prediction and measurement are reserved for ensembles and distri-
butions, rather than for individual events, i.e., the definition of “replication”
has been subtly changed to accommodate the intrinsic indeterminancy. Similar
modifications are routinely applied in the study of dynamical chaos and com-
plex systems, e.g., in fluid mechanical turbulence, granular media, fracture
and fatigue processes, etc. Indeed, in any systems sufficiently complex that
the validity of statistical limit theorems must be questioned, the concept of
empirical replication may need to be modified. In our case, the potential inde-
terminancy of various physical outcomes is overlaid with a plethora of poten-
tially relevant biological and psychological variables associated with the
human operators and experimenters that may exceed our ability to specify,
measure, or detect, let alone to control. To expect that these hypercomplex
systems will submit to classical expectations of causality, determinism, and
replicability may be overly presumptive.

Many attempts to address such mind/matter replication problems have been
advanced in the recent literature. One of the authors (J.H.) previously pro-
posed that failures to replicate frequently occur if a sequence of experiments is
interrupted by an overall analysis of the results up to that point. He has termed
this the “Meta-Analysis Demolition Effect” and has discussed its psychologi-
cal and pragmatic implications (Houtkooper, 1994). Others have suggested
that better understanding of the limitations on the dynamical replicability of
unstable physical systems could benefit mind/matter interaction research, as
well (Atmanspacher, 1997; Atmanspacher & Scheingraber, 2000). It has also
been proposed that the lack of dependable reproducibility might be intrinsical-
ly related to the appearance of the anomalies, and thus constitutive of our un-
derstanding of them (Atmanspacher et al., 1999). Yet another approach has
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treated all mind/matter interactions as inherently quantum mechanical in char-
acter, and thus prone to the intrinsic quantum uncertainties (Jahn & Dunne,
1986). Many other rigorous and speculative propositions could be cited, but
the replication problem remains a central conundrum in this class of research.

7. Anomaly indicators: Composite “bottom-line” mean shifts in direc-
tions of intention would be the primary indicators of anomalous effect;
any structural anomalies would simply be embellishment thereon.

While the overall mean-shift criterion is undoubtedly the simplest to speci-
fy, evaluate, and promulgate, it is not a particularly informative source for
comprehension of any subtle psychophysical processes underlying the phe-
nomenon. In prior work, whether “successful” by the overall mean-shift crite-
rion or not, much more has been inferred from the structural details of the
databases, than from their gross characteristics (Dunne, 1998; Dunne et al.,
1994; Jahn, Dobyns, & Dunne, 1991; Jahn et al., 1997; Nelson et al., 2000). In
this PortREG replication program as well, having acknowledged the bemusing
failure to replicate the prior scale of “bottom-line” results, we are presented
with an impressively deep reservoir of structural features that in their striking
internal disparities may testify equally emphatically to a broad variety of oper-
ator influences. Just as those studies in human behavior that encompass many
heterogeneous groups of people rarely yield results that are universally valid
for all participating population subsets, so the broad range of personal charac-
teristics of the operators of these experiments, if relevant at all, could be ex-
pected to express themselves in less-than-consistent, variably incoherent
forms. In this view, the polyglot nature of the results is not so much paradoxi-
cal as it is consistent with, and even supportive of, the hypothesis that some
human behavioral characteristic is indeed interacting with the machines.

Nor should we ignore the magnitude of this constellation of structural
anomalies. Recall that those components encompassed by the Monte Carlo
treatment stood out from chance at about the p = .02 level. But the other struc-
tural features uncovered in the data, which necessarily required alternative
evaluations, contribute further to an overall chance unlikelihood that extends
well beyond that. Specifically, Appendix II outlines conservative meta-analyt-
ical computations that place the composite structural anomalies at a level of
chance expectation in the range of 0.001 to 0.002 (two-tailed). This approach-
es the level of significance that would have been achieved had the overall
mean-shift replication been successful. That is, if the average prior PEAR
H–LO mean shift, , had been sustained over the replication database, the cor-
responding Z-score would have been about 3.60 (p = .0002, one-tailed). In
comparison, the equivalent Z-scores for the structural anomalies in the repli-
cation database range from 3.10 to 3.30, depending on the particular analysis
base employed (cf. Appendix II).

While these reexaminations of presumptions and retrospective arguments
clearly do not resolve our replication paradox, in some respects they may help
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Fig. 12. Prior PEAR cumulative deviations in three epochs.
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to focus suggestions for future research. The change from systematic, inten-
tion-correlated deviations to a comparably anomalous, albeit less orderly pat-
tern of structural distortions testifies to our incomplete understanding of the
basic phenomena, and warns that future empirical and conceptual efforts must
proceed at a more sophisticated level. The next round of experiments and
analyses will need to identify and address the implicit as well as the explicit
assumptions, both in the initial designs and in the assessment of empirical re-
sults, and delve more deeply into the relationship between the anomalous
manifestations and the underlying psychological and physical sources from
which they emerge. No simpler conceptual route seems likely to prevail, but
vigorous and insightful pursuit of this more difficult one not only may ulti-
mately illuminate the particular mind/machine anomalies under study here but
also may provide a much broader view of the relationship of the human mind
to all physical reality.

Appendix I: PortREG Equipment Calibrations

The protocol for the PortREG replication specified that concurrent calibra-
tions be generated at each laboratory to correspond to each experimental ses-
sion, using the same acquisition software but modified to run automatically.
Beyond these, many other ad hoc calibration efforts were undertaken to estab-
lish that the REG devices were performing according to specifications and to
characterize their performance in finer detail. Typically, the concurrent cali-
brations were generated following one or more experimental sessions, in
blocks consisting of 3000 200-bit trials. Most were taken as 1000-trial runs,
but some also were collected in 100-trial runs. Each of the laboratories collect-
ed more than the specified number of concurrent calibration trials from their
respective REG sources. Specifically, GARP and PEAR generated over one
million trials and FAMMI more than 850,000 trials. The results are displayed
in Tables A1.F, A1.G, and A1.P. The first column of the tables lists the parame-
ters computed in the standard suite of statistical tests for calibrations. Included
are the first four moments of the statistical distribution, i.e., the Mean, SD
(standard deviation), Skewness, and Kurtosis. The distribution of trial out-
comes is compared with theoretical expectation by the standard 2 calculations
( 2 Bins), and the standard deviation is calculated for blocks of 100 and 1000
trials (100-tr Sigma and 1000-tr Sigma, respectively). The distribution of runs
of consecutive trials scoring greater than 100, and trials scoring 100 or less is
compared with theoretical expectation ( 2 Runs), and a similar comparison
against theory is made of the proportion of runs of length 50 remaining on one
side of the origin (Arcsine). Finally, two autocorrelation functions are com-
puted, for the raw trial sequences and for blocks of 50 trials (Autocorr Raw
and Autocorr 50). The probability values are computed from the appropriate
statistical indicators (Z-scores, F values, and 2s).

In general, the consistency of the data and the deviations of parameter esti-
mates are in accord with theoretical expectations for independent random bits



having binary probability of precisely .5, and hence these calibrations confirm
the nominal statistical distribution of the overall data. However, a few specific
departures from the theoretical distribution, and their implications for analysis
of the experimental data, should be noted:

1. One of the most consistent structural departures from expectation in the
experimental data occurs in the trial-level standard deviations shown in
Table C.11. Thus, it is particularly important to examine the correspond-
ing behavior of the calibration data. None of the three calibration data-
bases shows a significant deviation from the nominal trial-level standard
deviation of the appropriate theoretical binomial distribution. Specifi-
cally, there is only a slight increase (p = .215) in the FAMMI calibra-
tions, and a slight decrease in the GARP and PEAR calibrations (p = .66
and p = .61, respectively). Therefore, it is valid to pool these values to an
empirical standard of comparison for the experimental data, as de-
scribed in the main text, section III.B.5.

2. The FAMMI calibrations show a marginally significant elevation in the
trial-level goodness-of-f it 2 test (p = .045), even though all four para-
meters of the trial-level distribution are nominal. Of greater concern is
the fact that the standard deviations of both 100-trial and 1000-trial
blocks are significantly elevated (p = .001, p = .012). Since the trial-
level standard deviation is nominal, this indicates a nonindependence
between trials, which produces increased average deviations at the block
lengths used in the actual experiments. Taken at face value, this would
suggest that the mean-shift Z-scores emerging from the FAMMI data are
exaggerated by as much as 5.5%. (This is obtained by comparing the ob-
served standard deviation of 1000-trial blocks, 235.871, to the theoreti-
cal value of 223.607; the ratio, 1.0548, is the factor by which Z-scores
would be inflated by this departure from theoretical standard deviation. )
The presence of intertrial dependence is confirmed by a significant auto-
correlation (p = .005) at the trial level, driven by a succession of large,
positive correlations at various lags, especially lags 5, 6, 10, and 12. A
breakdown of the FAMMI calibrations into four roughly chronological
sections shows that the amplified standard deviation of blocks is primar-
ily in the first half of the data, particularly in the second quarter (series
50 to 99), which show a standard deviation increase as severe as 11.4%
in the worst case. [The FAMMI team observed these deviant early cali-
brations and replaced the original device with a new one. No deeper ex-
amination was made, but the difference between the first and second
half of the FAMMI calibrations suggests the source of the problem was
some subtle malfunction of their REG device.] By any reasonable crite-
rion, these aberrations should have no consequential impact on the pri-
mary or secondary FAMMI data, or the interpretation thereof.

3. The GARP calibrations fail of perfection only in being too good, with a
2 for the deviation of the trial distribution so small that 97.6% of ran-
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dom samples would be expected to show greater departures from the
theoretical populations.

4. The PEAR calibrations show an elevated skewness, 3 = 0.0057, corre-
sponding to Z = 2.48, in the trial distribution. The reasons for this are ob-
scure; a chronological breakdown into 10 segments shows marginally
significant positive skewness in Blocks 4, 6, and 7, with an overall bias
toward positive skewness. The distribution among the blocks suggests
that a small positive skewness is present throughout, with the increased
population of significant outliers being a consequence of normal varia-
tion about this shifted mean. Since trial-level skewness is a departure
from normality, which will be suppressed rapidly in calculations involv-
ing large numbers of independent trials, this is not considered a damag-
ing aberration so long as the trials are independent. All of the PEAR re-
sults relating to intertrial structure are nominal, suggesting that the trials
are indeed mutually independent, despite their distributional oddity.

5. The chronological breakdown of PEAR calibration data suggests the ex-
istence of a brief epoch (May through June 1998) during which trial-
level standard deviation may have been suppressed. (In this segment, s =
7.0302 and p = .9970. This result remains a p = .03 suppression even
after Bonferroni correction for the examination of 10 subsets. Whether
further correction for the many other parameters under scrutiny is ap-
propriate here may be left to the individual analyst.) Since this epoch,
even if it represents a genuine local suppression of standard deviation,
corresponds to a concomitantly small proportion of the experimental
data, and since the overall trial-level standard deviation of the calibra-
tions is nominal, the previous remarks and conclusions concerning the
Z-scores of Table C.11 do not need revision.

As a supplement to the concurrent trial-level calibrations, GARP also col-
lected bit-level calibration data, to examine the behavior of the REG source at
this finer scale. In contrast to the “quality control” approach of the concurrent
calibrations, the GARP procedure is a “device properties” approach (Hout-
kooper, 1998), which examines short-term dependencies as characterized by
Markov-chain transition probabilities. These are in straightforward relation-
ship to traditional parameter-based tests, but this alternative allows more spe-
cific deviations from randomness to be scrutinized and permits calculation of
standard deviations between sections of data and, hence, sensitive detection of
episodic deviations from ideal randomness.

These bit-level data reveal an expected effect, namely a slight excess of the
bit sequences 01 and 10 over 00 and 11. The source of the effect is the design
of the REG, which includes an XOR alternating template to eliminate actual
physical bias in the threshold setting of the comparator that defines voltage
levels as bits. The size of this excess of alternations is on the order of a few
parts in 10,000 and is detectable if data sets are accumulated over a few days.
(The tests require on the order of 100 million bits.) Of course, the standard de-
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TABLE A1.F
FAMMI Concurrent Calibrations (852,000 Trials)

Parameter Theory Actual Probability

Mean 100.0000 99.9991 .453
Std.Dev. 7.0711 7.0753 .215
Skewness 0.0000 - 0.0001 .479
Kurtosis - 0.0100 - 0.0018 .062

2 Bins 62 82.0572 .045
100-tr Sigma 70.7106 72.3696 .001
1000-tr Sigma 223.6068 235.8710 .012

2 Runs 32 21.2935 .925
Arcsine 50 46.8844 .599
Autocorr Raw 25 46.9447 .005
Autocorr 50 25 22.3352 .616

TABLE A1.G
GARP Concurrent Calibrations (1,165,000 Trials)

Parameter Theory Actual Probability

Mean 100.0000 100.0002 .490
Std.Dev. 7.0711 7.0691 .661
Skewness 0.0000 - 0.0010 .333
Kurtosis - 0.0100 - 0.0134 .227

2 Bins 62 41.9505 .976
100-tr Sigma 70.7106 70.9264 .321
1000-tr Sigma 223.6068 229.2080 .113

2 Runs 32 22.4490 .917
Arcsine 50 48.8943 .518
Autocorr Raw 25 36.6390 .062
Autocorr 50 25 14.3219 .956

TABLE A1.P
PEAR Concurrent Calibrations (1,130,000 Trials)

Parameter Theory Actual Probability

Mean 100.0000 99.9998 .488
Std.Dev. 7.0711 7.0697 .613
Skewness 0.0000 0.0057 .007
Kurtosis - 0.0100 - 0.0143 .175

2 Bins 62 64.9570 .408
100-tr Sigma 70.7106 70.8991 .351
1000-tr Sigma 223.6068 219.1441 .829

2 Runs 32 28.0941 .665
Arcsine 50 40.1359 .839
Autocorr Raw 25 20.9494 .695
Autocorr 50 25 19.5021 .772

viation of 200-bit trials is affected by interbit structural behavior on scales up
to 199-bit sequence length and cannot be predicted reliably from this alterna-
tion excess. It is for this reason that the empirical standard deviation estimate
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from the calibrations, including the empirical uncertainty thereof, was used as
the standard of comparison for the statistical measures in Table C.11.

Appendix II: Structural Meta-Analysis

The main text introduces, analyzes, and discusses many different structural
features of the database, some of which prove to be individually significant,
others not. The question to be addressed here is how to compound all such
structural evidence into an overall statistical figure of merit. Specifically, the
general problem of evaluating a number of distinct analyses on a collective
basis is addressed by a meta-analytic technique.

It should be noted at the outset that not all of the participating structural
analyses enter on an equal footing. Some of them are consequences of other
analyses, i.e., they are re-examinations or more detailed investigations of ef-
fects that have already been evaluated in the other formats. Also, certain
analyses were preplanned while others were retrospective. Moreover, while
most of the analyses are based on the entire three-laboratory database, others
are restricted to only single-laboratory data. The following numbered list intro-
duces each of the structural analyses in the order they are encountered in the
main text, describing its status in terms of the foregoing factors and providing
any additional information required to specify how the conclusion of that spe-
cific analysis is reached. A probability value (p) is quoted for each analysis, to
facilitate meta-analytic combination via the method of adding logarithms
(Rosenthal, 1984).

1. The breakdowns by secondary parameters presented in Tables F.2
through F.5, G.2 through G.5, and P.2 through P.5 comprise a preplanned
structural analysis, i.e., examination of these parameters was part of the
original experimental design. While this is a complex calculation with
many subparts, it has been collectively evaluated against the null hy-
pothesis by the Monte Carlo analysis of section III.B.2, resulting in p =
.022.

2. The series-position results, presented in Tables F.6, G.6, and P.6, consti-
tute another preplanned analysis. The 2 summaries in Table C.9 result
in p = .026 after Bonferroni correction for including separate results
from each of the three laboratories. (Only the rightmost column of Table
C.9 is relevant, since the raw 2 would respond to overall mean shifts, if
any. )

3. Table F.7 reports a preplanned exploration of experimenter effects con-
ducted only at FAMMI; combining the independent 2 values results in
p = .887.

4. Table G.7 reports a preplanned examination of control mode conducted
only at GARP; constructing a 2 from the independent Z-scores yields
p = .684.
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5. Table G.8 reports a preplanned examination of operator types conducted
only at GARP; the composite 2 corresponds to p = .241.

6. Following Table G.8, a few summary figures, and the discussion of the
Monte Carlo analysis noted in Item 1 above, the next analysis in the text
is the discussion of “favored cells” in section III.B.2.b. This retrospec-
tive analysis examines internal features of the structural qualities which
have already been evaluated against the null hypothesis in Item 1. Al-
though a p-value of .274 can be computed for this (by applying a Bonfer-
roni correction to the most striking Z-score reported), it cannot properly
be included in the meta-analysis.

7. In contrast, the correlation coefficients reported in the second half of
Table C.7 are a retrospective examination of a different phenomenon.
Such correlations between laboratories are independent of the Monte
Carlo evaluation. After Bonferroni correction this yields p = .243.

8. The retrospective examination of unconfounded secondary parameters
(Table C.8), like Item 6, is a direct consequence of the structural ele-
ments analyzed in Item 1. It produces p = .031 after Bonferroni correc-
tion but cannot properly be included in the meta-analysis.

9. Table P.7, presenting the evaluation of individual operator consistency
between experiments, is an independent retrospective analysis, albeit
one limited to a single laboratory (PEAR). This yields p = .011 after
Bonferroni correction.

10. The summary of PEAR operator-specific performances presented in
Table C.10 also qualifies as a preplanned analysis requested by certain of
the authors. It yields p = .051 after Bonferroni correction.

11. The discussion following Table C.10 mentions, but does not report, a
similar analysis based on a 2 calculation for the series-level, rather than
operator-level, data. This was a retrospective analysis that detects the
same structural properties as the operator-specific analysis and must
therefore be regarded as a derivative of Item 10; its p-value of .021 must
therefore be excluded.

12. The trial-level standard deviation results in Table C.11 follow from a
retrospective analysis that is independent of all previous analyses, with
p = .049 after Bonferroni correction.

13. The counts of successful operators and series, mentioned in the last sub-
section of section III, are consequent to and dependent on the mean
shifts. An earlier version of the Monte Carlo analysis incorporated these
along with the mean-shifts and proved statistically consistent with the re-
sults of Item 1; thus, we may quote p = .022 for this but must consider it a
consequent analysis and exclude it from the meta-analytic combination.

14. The previous 13 items cover all of the analyses presented in sections II
and III, but for completeness, we must note one other independent retro-
spective analysis that was not included in the text. From earlier PEAR
experience, it was speculated that the trial-level variance might be re-
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duced in runs that were successful in the direction of intention, relative
to its value in those runs contrary to intention. The calculated p = .234.

Table A2.1 summarizes these 14 analyses, now organized by category. The
index numbers in the left margin of the table refer to the itemized list above.

To compound the results of a set of analyses individually reported as p-values,
we may take advantage of the fact that under the null hypothesis p is uniform-
ly distributed between 0 and 1, whence - 2 log(p) is distributed as a 2 with 2
degrees of freedom (df). The addition properties of 2 then guarantee that a
sum of n such values is a 2 with 2n df (Rosenthal, 1984).

Considering first only the preplanned analyses that incorporate the entire
database, we have pi = {.022, .026, .051}. This results in 2 = 20.885 on 6 df,
yielding a composite meta-analytic p = .0019. Adding the three retrospective
analyses that cover the entire database increases this 2 to 32.651, now on 12 df
so the meta-analysis reaches p = .0011. Finally, including the four analyses
based on single-laboratory contributions increases 2 to 45.538 and df to 20,
yielding p = .0009. Thus while the various analyses, which might be consid-
ered questionable due to retrospective status or limitation to a single laborato-
ry, increase the statistical significance, they do so only by a factor of 2 from
the initial figure for preplanned, whole-database analyses.

Including retrospective analyses raises the issue of the “file-drawer effect,”
where the visible results might spuriously overestimate an effect by overlook-
ing an unreported background of null results. The standard measure for consid-
ering the possible impact of unreported studies is the number of such studies,

TABLE A2.1
Summary of Analyses

Item Form of analysis p-value

Preplanned; using all data
1. Secondary parameters Monte Carlo .022
2. Series position Independent .026

10. Operator performance Independent .051

Retrospective; using all data
7. Interlab correlation Independent .243

12. Trial-level s Independent .049
14. Success-based s Independent .234

Preplanned; single-laboratory data
3. Experimenter effects Independent; FAMMI only .877
4. Control mode Independent; GARP only .684
5. Operator type Independent; GARP only .241

Retrospective; single-laboratory data
9. Operator consistency Independent; PEAR only .011

Reanalysis of effects already analyzed
6. Favored cells Consequence of (1) (.274)
8. Unconfounded parameters Consequence of (1) (.031)

11. Series 2 Consequence of (10) (.021)
13. Operator and series counts Consequence of (1) (.022)



with null outcomes, that would need to be added to the reported database in
order to reduce the overall result to nonsignificance. For the current result, this
file-drawer number is 14. Given the difficulty of finding any other new and
substantive analyses that are not in some way reexaminations of structural as-
pects already considered, and given that this file-drawer number is equal to the
total number of analyses already reviewed, including several such “dupli-
cates” (6, 8, 11, and 13), it would seem that there is little risk of file-drawer di-
lution of this survey statistic.

In conclusion, the aggregate interpretation for the PortREG analyses with
all multiple-testing and redundancy concerns taken into account is p = .0009
against the null hypothesis that the data contain no anomalous structures, or p
= .0019 if only preplanned complete-data analyses are included (which has the
virtue of rendering file-drawer considerations completely moot).
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20th and 21st Century Science:  Reflections and Projections
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Abstract–Twentieth century natural science opened onto a bewildering array
of empirical anomalies and bemusing heuristic theories that testified to gross-
ly inadequate comprehension of atomic-scale structures and processes.  Sub-
sequent decades saw remarkable advances in the acquisition of more defini-
tive data, the formulation of functional models, and the postulation of
profound philosophical interpretations of these curious quantum mechanical
phenomena.  Later periods featured the prodigious applications of this arse-
nal of new understanding in such diverse domains as nuclear weaponry, ener-
gy, technology, health care, communications and information processing, and
space exploration and utilization.  All of this mighty implementation
notwithstanding, at the close of this era, much as in the preceding classical
science period of the 19th century, fundamental ontological understanding of
the natural processes of our cosmos again began to appear inadequate to en-
compass newly emerging bodies of anomalous empirical evidence, in this
case primarily related to the role of consciousness in the establishment of
physical experience.

As we enter the 21st century, science seems poised to execute a similar
evolutionary cycle of advancement of their comprehension and relevance.
We are opening with a steadily growing backlog of demonstrable physical, bi-
ological, and psychological anomalies, many of which have been featured in
the meetings and journals of this society, and most of which seem incontro-
vertibly correlated with properties and processes of the human mind, in ways
for which our preceding 20th century scientific paradigm has no rational
explanations.  Meanwhile, our theorists are laboring along progressively
more tortuous trails of non-linear dynamics, complex and chaotic systems,
entanglement theories, zero-point vacuum fluctuations, string and super-
string theories, microtubules and neuronal networks, in convoluted attempts
to accommodate the phenomena without conceding their intrinsic subjectivi-
ty, perhaps reminiscent of similar earlier struggles to preserve geocentric ce-
lestial mechanics by epicycloidal orbit theories or to accommodate Rydberg’s
spectra within classical radiation models.  While these esoteric efforts may
provide some ad hoc utility in representing and cataloguing specific anom-
alous phenomena, they lack the capacity, individually or collectively, to com-
pound to a totally comprehensive representation. That can only be ap-
proached when consciousness, in all of its subjective and objective
ramifications, is accepted from the outset into scientific conceptualization as
an essential, central, and proactive factor in the establishment of physical re-
ality.  This major concession must also bring with it the redefinition of other
sacred scientific tenets, such as the rigid replicability and objectivity require-
ments, and the admission of such foreign concepts as transdisciplinary
metaphor, intersubjective resonance, and teleological causality as both en-
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abling factors and analytical tools.  Specific conceptual schema for compre-
hensive formulation of such an expansion of scientific methodology are at
present rare and primitive, but two examples can be sketched to illustrate the
requisite complementarity of physical and psychological factors.

Keywords: anomalies — consciousness — future of science — history of sci-
ence — Modular Model of Mind/Matter Manifestation (M5) —
philosophy of science — Science of the Subjective

On the threshold of the 20th century, the physical science profession was sit-
ting rather smugly on its academic duff, quite content with the elegance of its
theoretical concepts and formalisms, and with the burgeoning practical appli-
cations thereof.  Newtonian mechanics had been firmly established by many
empirical demonstrations in astronomical and terrestrial venues; the heuristic
concepts of the thermal sciences were enabling rapid proliferation of the
prime movers that had initiated the industrial revolution; and the completion
of Maxwell’s electromagnetic relations had generated a radiation theory that
was revolutionizing public communication.  A naïve consensus abounded that
most of the hard work of natural science had been done; that only mop-up
tasks remained.  As their towering patriarch Lord Kelvin  (Thomson, circa
1884) proclaimed:  

There is nothing new to be discovered in physics now.  All that remains is more and
more precise measurement, 

a sentiment echoed by their contemporary hero, A. A. Michelson (1894):

The more important fundamental laws and facts of physical science have all been dis-
covered, and these are now so firmly established that the possibility of their ever being
supplanted in consequence of new discoveries is exceedingly remote. … Our future dis-
coveries must be looked for in the sixth place of decimals.

But over only the next few years, this same community of scholars was sud-
denly deluged by a blizzard of atomic-scale anomalies that severely chal-
lenged much of their comfortably nestled classical science.  The frequency dis-
tribution of blackbody radiation departed drastically from the classical
electromagnetic expectations; newly accumulated data on atomic and molecu-
lar spectra and atomic-scale collisions were totally inexplicable on the basis of
the prevailing atomic and molecular models; the photoelectric effect, the
Compton effect, the Franck-Hertz, and Davisson-Germer experiments, and
the specific heat of solids all showed little agreement between empirical ob-
servations and the established concepts; and the growing theoretical and prag-
matic interest in gaseous plasmas as a fourth state of matter was poorly sup-
ported by any viable theoretical formulations that could be mustered.



Having shattered the tranquility of the physical science establishment of
that day, this array of anomalous phenomena then stimulated a flurry of theo-
retical responses that carried with them disturbing philosophical implications.
Over a relatively short span of reaction, a sequence of strange new concepts
appeared, such as the quantum of energy (Planck, Einstein); the planetary
atom (Bohr, Sommerfeld); the wave-mechanical atom (Schrödinger, de
Broglie); matrix formulations of atomic structure and interactions (Heisen-
berg, Wigner); and the bewildering quantum mechanical principles of uncer-
tainty (Heisenberg), exclusion (Pauli), complementarity (Bohr), and indistin-
guishability (Heitler), to name only a few.  Overlaid on all of this were the
bewildering mechanics of special and general relativity (Einstein), and the
subatomic structures and behaviors of nuclear scale “elementary” particles
(Fermi et al.).  From the start, these concepts seemed so logically and experi-
entially implacable that their philosophical ramifications were hotly debated,
both inside and outside the quantum physics community.  Notwithstanding the
intensity and endurance of these discussions, few of the philosophical enig-
mas were fully resolved, and the paradoxes of wave/particle duality, the role of
the observer, and the Einstein-Podolsky-Rosen correlations continue to be-
muse us even today.

Some blame for this failure of resolution may be attributed to the intrusion
of the Second World War into the professional and personal lives of the lead-
ing scholars of that day, which severely restricted their ability to communicate
with one another and forced their creative attention to be turned toward war-
time applications of quantum and nuclear science.  Those applications of
atomic energy in military weaponry clearly dominated the middle portion of
the 20th century, first in concluding the hot war, and subsequently in imbuing
the cold war with its global lethal threat.  But from that war-based technology
have evolved many peacetime applications:  in atomic energy and nuclear
medicine; in solid-state electronics and digital information processing; in
space exploration and utilization; and in many other venues that have brought
immense benefits to human culture and have vaulted contemporary science
into a dominant social factor.  Yet ironically, this center-stage importance of
modern applied science and technology, with its huge political, financial, edu-
cational, and cultural spin-offs, may also have served to suffocate, or at least to
stagnate, more profound contemplation and comprehension of those funda-
mental processes of our physical world that had surfaced a few decades earlier.
So, at the close of the 20th century, we find a monumentally extensive and
complex scientific community that is more concerned with its applications, its
economics, its politics, and its administration, than with advancement of its
basic understanding.  And regrettably, these priorities have been excessively
reflected in our individual and collective public values, in our corporate and
governmental initiatives, and in our educational strategies, at all levels.
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*

Thus, at the dawn of the 21st century, we again find an elite, smugly con-
tented scientific establishment, but one now endowed with far more public au-
thority and respect than that of the prior version.  A veritable priesthood of
high science controls major segments of public and private policy and expen-
diture for research, development, construction, production, education, and
publication throughout the world, and enjoys a cultural trust and reverence
that extends far beyond its true merit.  It is an establishment that is largely con-
sumed with refinements and deployments of mid–20th century science, rather
than with creative advancement of fundamental understanding of the most
profound and potentially seminal aspects of its trade.  Even more seriously, it
is an establishment that persists in frenetically sweeping legitimate genres of
new anomalous phenomena under its intellectual carpet, thereby denying its
own well-documented heritage that anomalies are the most precious raw mate-
rial from which future science is formed.

Let us turn to these current anomalies and ask what new science they may
spawn.  The readership of this Journal surely needs no lexicon of these topics.
It is precisely the constellation of subjects that the Society for Scientific Ex-
ploration has been studying, talking, and writing about since its formation, and
comprises all of the subtle and mysterious ways that living creatures perceive,
interpret, and influence the world they inhabit.  Whether we are investigating
anomalous mind/matter interactions, remote perceptions, poltergeists, reincar-
nations, UFO phenomena, strange creatures, inexplicable meteorological ef-
fects, or alternative healing modalities, we are at some level, explicit or im-
plicit, addressing the role of consciousness in the establishment and behavior
of physical reality.  And for this intellectual crusade we have very little science
in hand:  very little vocabulary, a scant concept base, and few mechanics, as-
sessment criteria, or experimental facilities.  Another major intellectual break-
out, of a scale, vision, and courage comparable to that of the quantum era, is
required to start science rolling forward again.

What should be the character of this break-out?  First to be emphasized is
that we do not need any destructive revolution that discards sound scientific
methodology or threatens systematic scientific logic.  Rather, we require an
evolutionary broadening and deepening of the scientific venue and perspec-
tive, more like its evolution into quantum and relativistic domains of the past
century, to extend its intellectual power into study of the full reach of the
human mind and spirit.  In an earlier article (Jahn & Dunne, 1997), we at-
tempted to define and justify a “Science of the Subjective,” which proposed
the following expansions of the scientific paradigm:

� A proactive role for consciousness that would elevate it from a passive
observer of the physical world, to a purposeful agent in its behavior.

� Inclusion of subjective experience as well as objective properties in the
scientific arsenals of concepts, data, analyses, models, and interpreta-
tions.



� The acceptance of teleological drivers in all forms of mind/matter inter-
actions; specifically, the efficacy of intention and resonance, within a
context of relevance or meaning, in facilitating physical change.

� Clearer distinction between causality and correlation in both material
and mental events.

� Recognition of the interconnectedness of the physical, psychological,
and philosophical aspects, leading to greater reliance on transdiscipli-
nary metaphors for representation, interpretation, generalization, and
unification of consciousness-related phenomena.

� Relaxation of replicability criteria for complex, multi-statistical physi-
cal, biological, and psychological systems and processes.

Clealy, such extensions of scientific perspective and strategy present huge
problems in orderly identification, representation, quantification, and inter-
pretation of experiential phenomena, but the potential benefits of this pursuit
are even more awesome.  For from its success, science could aspire not only to
benevolent stewardship of the physical world, but also to productive under-
standing of the interactions of its living inhabitants with it, and with one an-
other.

**

If this new era of science is to retain the incisiveness and rigor of its immedi-
ate predecessor, it must continue to feature a vital dialogue between empirical
experience and logical reasoning, i.e., between experiment and theory.  The
major changes required on both sides of this dialogue will be the inclusion of
the various subjective aspects just mentioned.  Incorporation of intuitive, aes-
thetic, and metaphoric dimensions into research protocols, although largely
eschewed by 20th century mainstream science, need not pose insurmountable
tactical problems.  To some extent, contemporary research in the family of
psychological disciplines has already established some lexicon of empirical
concepts and heuristic methods for the evaluation and correlation of subjec-
tive aspects with objectively specifiable physical results.  But to extend such
provincially circumscribed correlations into more universal theoretical formu-
lations representative of the global interplay of mind and matter will require
far more expansive and courageous scholarly creativity.

Some 15 years ago we proposed a rather speculative and tentative step in
this direction in an article entitled “On the Quantum Mechanics of Conscious-
ness, with Application to Anomalous Phenomena” (Jahn & Dunne, 1986). In it
we postulated that experiential reality was constituted only in the interaction
between consciousness and its environment, neither of which could be sepa-
rately specified in any strict ontological sense.  Consequently, any conceptual
scheme to represent that reality must embody the attributes of consciousness
as well as, and on a par with, those of the physical world.  We went on to ap-
propriate the concepts and formalisms of quantum mechanics as a viable
metaphor for such reality-producing interactions of consciousness with its en-
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vironment, primarily because of its observational or “Copenhagen” interpre-
tations, but also because of the evident transposability of the various quantum
mechanical concepts and principles into subjective venues.  More specifically,
we represented consciousness by Schrödinger wave functions and its environ-
ment by potential profiles that subsumed all of the relevant tangible and intan-
gible influences bearing on it.  The permissible standing waves, or eigenfunc-
tions, of the consciousness waves in the environmental profiles were then
interpreted as the objective and subjective experiences of the former in those
venues.  In this manner we were able to construct consciousness “atoms” of in-
dividual experience, consciousness “molecules” representing interpersonal
bonds, consciousness “wave/particle dualities” that could legitimize various
consciousness-related physical anomalies, and quantum-statistical ensembles
of consciousnesses that could be applied to group interaction situations.  We
also found useful similarities between several quantum mechanical principles
and various aspects of common and anomalous human behavior.

Clearly this model lacks the capacity for quantitative predictability, at least
at this stage of its development, but it has provided us with a facile concept
base and associated vocabulary for the interpretation of empirical results and
the design of more effective experiments.  While it has been criticized as “only
a metaphor,” we would note that from its ancient times to the present, science
has always drawn heavily from many metaphors adapted from general human
experience that only later were refined to more narrowly specific, quantifiable,
and measurable physical properties.  Nor does the prevailing resistance to in-
clusion of subjective features in the scientific representation adequately ac-
knowledge the extent to which personal inspiration and intuition have stimu-
lated and enlightened most scientific work.  While our research papers
continue to be rejected by mainstream science journals on insular categorical
grounds, such as “This is more psychology than physics,” or “This journal is
restricted to the ‘exact’ sciences,” such exclusion of subjective dimensions
from the workshop of science was not endorsed by the most profound scholars
of the quantum era who had glimpsed the sublime complementarity between
the worlds of mind and matter.  As Niels Bohr (1961) put it:

The analogies with some fundamental features of the quantum theory, exhibited by the
laws of psychology, may not merely make it easier for us to adjust ourselves to the new
situation in physics, but it is perhaps not too ambitious to hope that the lessons we have
learned from the very much simpler physical problems will also prove of value in our
endeavors to obtain a comprehensive survey of the more subtle psychological ques-
tions. … it is clear to the writer that for the time being we must be content with more or
less appropriate analogies.  Yet it may well be that behind these analogies there lies not
only a kinship with regard to the epistemological aspects, but that a more profound rela-
tionship is hidden behind the fundamental biological problems which are directly con-
nected to both sides. (p. 20)



A similar conviction had been expressed earlier by Wolfgang Pauli (1955):

[P]hysics and psychology reflect again for modern man the old contrast between the
quantitative and the qualitative. … To us … the only acceptable point of view appears
to be the one that recognizes both sides of reality—the quantitative and the qualitative,
the physical and the psychical—as compatible with each other, and can embrace them
simultaneously. … It would be most satisfactory of all if physics and psyche could be
seen as complementary aspects of the same reality. (pp. 207–208, 210) 

And from the other side of the epistemological dialogue, the great psycho-
analyst Carl Jung (1954) saw the same sublime complementarity:

The microphysical world of the atom exhibits certain features whose affinities with the
psychic have impressed themselves even on the physicists.  Here, it would seem, is at
least a suggestion of how the psychic process could be ‘reconstructed’ in another medi-
um, in that, namely, of the microphysics of matter. (p. 89)

Much more recently, a number of theoretical physicists have returned atten-
tion to this mind/matter complementarity and in some cases have gone so far
as to propose that, at a very deep and subtle “ontic” level, mental and material
processes are intrinsically inseparable, and that it is only when these processes
“emerge” into “epistemic” tangible experiences that the distinction becomes
relevant.  Atmanspacher (2000b) speaks of the practical consequences of such
a primordial unity:

Assuming that there is an ‘ontic reality’ from which mental and material properties
emerge as separable or separate, then it is the relationship between those mental prop-
erties which we observe epistemically.  Since the basis of the two domains is the ontic
reality, one could speak of a ‘vertical’ causation (some kind of symmetry breaking)
from one ontic to two epistemic ‘realities.’  In such a scenario there is no reason to talk
about the relationship between the two epistemic domains in terms of causation.  There
are only correlations, so to speak remnants of the former ‘oneness’ of the ontic reality.
These correlations are what we observe, perceive, or experience.

***

Akin to such contemporary thinking, we are currently developing another
model for representation of mind/matter interactions, tentatively labeled
“Modular Model of Mind/Matter Manifestations” (M5).  Details of this model
and its experimental and theoretical implications will be presented in a forth-
coming research article (Jahn, in press), but its salient features are these:

1. Not all interactions of consciousness with the physical world involve di-
rect mental attention to tangible substances or systems, or employ estab-
lished modes of information exchange.
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2. In many cases, especially those manifesting anomalous effects, various
levels of the subconscious mind may be invoked to access, process, and
transmit information between the conscious mind and the material
world.

3. In so doing, the subconscious mind may utilize a sub-tangible physical
domain that underlies the tangible universe, much as the subconscious
mind underlies the conscious.

4. Thus, in this model, the conscious mind gains anomalous access to the
tangible world by the circuitous route sketched in Figure 1.

5. The key issues for profitable applications of this model are the informa-
tion transfer processes across the interfaces between the various do-
mains, specifically:

� The sequences of physical, physiological, and neurological processes
by which information about the tangible world is transmitted to the
brain and subsequently assembled into conscious experiences and in-
terpretations thereof; or, inversely, the conversion of conscious inten-
tion into a sequence of neurological and physiological functions that
ultimately affect the tangible world;

� The modes of communication between the conscious mind and the
subconscious mind;

� The relationship between the tangible physical domain and its sub-
tangible substrate;

and, most importantly,

� The interaction of the subconscious mind with sub-tangible matter.

6. At their deepest levels, the subconscious mind and the sub-tangible
physical domain may commingle to the point of indistinguishability.  In
this view, conscious experience and tangible physical effects may be re-
garded as emerging from a single basic source, whence they retain cer-
tain correlations or synchronicities that appear anomalous in any dualis-
tic representation (Atmanspacher, 1997, 2000a).

7. All of these processes may be overlaid or permeated by some sort of inef-
fable “supreme source” which energizes, inspires, enables, and mediates
the participatory components of the composite system.

Some pragmatic ramifications of such a model for anomalies research are
reasonably clear.  On the experimental side, one of the most evident implica-
tions would seem to be to shift from operator feedback modalities that display
the target system performance in consciously explicit and engaging formats, to
subtler, more implicit schemes that distract the operator’s conscious mind
from the intended task, thereby providing a more propitious environment for
its submission to some subconscious process.  Also suggested would be the
use of physical target systems that by their complexity, non-linearity, or quan-
tum-mechanical multiplicity can accommodate a proactive role for the opera-



tor’s subconscious input.  In retrospect, prior experimentation has already sup-
ported these strategies, albeit via some negative results.  Specifically, those ex-
periments providing the most explicit and engaging feedback displays have
tended to yield weaker anomalous effects than those involving more rudimen-
tary feedback (Jahn et al., 1997), aesthetically subliminal feedback (Jahn et
al., 2000), or no feedback at all (Dunne & Jahn, 1992).

On the theoretical side, more sophisticated psychological models of the
transmission of information, both subjective and objective, between the con-
scious and subconscious mind, specifically dedicated to the realization of in-
tention and resonance in specific situations, are needed.  Similarly, some distil-
lation of the many extant sub-tangible physical models, specifically focused
on reification of pre-emergent information from the sub-tangible regime into
the tangible empirical venues, should prove relevant.  In this regard, the radi-
cal postulate of a fundamental holism of mind and matter at the deepest level
of existence might derive some support from incisive re-examination of mil-
lennia of human experience with prayer, alchemy, magic, and other esoteric
practices that implicitly and explicitly presume this unity.
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Fig. 1. Modular model of mind/matter manifestations (M5). In “normal” interactions, the con-
scious mind receives information directly from, or inserts information directly into, its
material environment using known physical and neurophysiological processes. In “anom-
alous” interactions, however, information may flow on a more circuitous route, via the un-
conscious mind and a sub-tangible physical regime.
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Like the quantum mechanical model mentioned earlier, the M5 concept in-
vokes many of the “Science of the Subjective” features listed above, and it will
be resisted because of its intrinsic wedding of psychological and physical ex-
perience, and its ultimate dissolution of the Cartesian cut.  While this has been
foreign to 20th-century science, it will become essential to the science of the
future.  Without it, science as presently cast will inevitably stagnate and be-
come progressively less effective in addressing the cultural needs of this new
century.  William James (1956) foresaw this demise more than a century ago:

The spirit and principles of science are mere affairs of method; there is nothing in them
that need hinder science from dealing successfully with a world in which personal
forces are the starting point of new effects.  The only form of thing that we directly en-
counter, the only experience that we concretely have is our own personal life.  The only
completed category of our thinking, our professors of philosophy tell us, is the catego-
ry of personality, every other category being one of the abstract elements of that.  And
this systematic denial on science’s part of personality as a condition of events, this rig-
orous belief that in its own essential and innermost nature our world is a strictly imper-
sonal world, may conceivably, as the whirligig of time goes round, prove to be the very
defect that our descendants will be most surprised at in our boasted science, the omis-
sion that to their eyes will most tend to make it look perspectiveless and short. (p. 327)

To incorporate this broadening of its purview and paradigm may be the
greatest challenge science has ever faced.  But with these subjective dimen-
sions astutely and creatively installed and functioning harmoniously within its
traditional analytical rigor, science—in its fullest and noblest definition—will
be in a far more powerful position to enhance the quality of life on this planet
than ever before in its history.  And historians of science, looking back on this
21st century 100 years from now, may properly record it as the most brilliant
scientific age of all.
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The Challenge of Consciousness
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Abstract—Attempts to include consciousness within an architecture of rig-
orous, quantitative science encounter several formidable difficulties, among
them the elusiveness of its definition, the plethora of mental states that can
prevail, the intrinsically subjective character of many forms of experience,
the wide variance of individual responses to sensory stimuli, and the capacity
for anomalous modes of information acquisition and generation. Nowhere are
these characteristics more dramatically demonstrated than in research on
mind/matter interactions and remote perception, from which have been com-
pounded large bodies of empirical evidence, but little insight regarding viable
theoretical models or profitable strategies for superior experiments. The pur-
pose of this paper is to review some of that evidence, and to attempt to glean
therefrom a productive model to guide future studies. The essence of this
modular model is to set aside the common presumption that anomalous
mind/matter effects are achieved by direct attention of the conscious mind to
the observable physical processes addressed. Rather, an alternative is pro-
posed wherein unconscious mind and intangible physical mechanisms are in-
voked to achieve anomalous acquisition of mental information about, or
anomalous mental influence upon, otherwise inaccessible material processes.
Implications for more effective experiments include subtler feedback
schemes that facilitate submission of conscious intention to unconscious
mental processing, physical target systems that provide a richness of intangi-
ble potentialities, operators who are amenable to such interactions, and an en-
vironmental ambience that supports the composite strategy. Theoretical req-
uisites include better understanding of the information dialogue between
conscious and unconscious aspects of mind, more pragmatic formulations of
the relations between tangible and intangible physical processes, and, most
importantly, cogent representation of the merging of mental and material di-
mensions into indistinguishability at their deepest levels.

Keywords: consciousness — consciousness-related anomalies — engineer-
ing anomalies — human/machine anomalies — mind/matter in-
teractions — models of mind/matter interactions — remote per-
ception — unconscious mental processing — intangible physical
processes

I. Introduction

This essay is derived from an invited talk at the Society for Scientific Explo-
ration (SSE) Annual Meeting of June, 2001, one purpose of which was to
honor its retiring President, Peter Sturrock. In fact, it was Peter who suggested
this title, by which I presumed he referred specifically to the “challenge” to es-
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tablished science, i.e., to the problems of accommodating the proactive capac-
ities of human consciousness within rigorous, quantitative scientific method-
ology. There are indeed many such problems, none of which are readily resolv-
able:

Definition of the Term

First, there is the enduring fundamental problem of establishing a consensus
definition of “consciousness” that is sufficiently firm to convey a scientific
concept, yet sufficiently flexible to encompass all of its pertinent psychologi-
cal, physiological, and physical dimensions. Two decades ago, the term con-
sciousness rarely was invoked in any epistemological context; today it enjoys
proliferate applications ranging from brain physiology and psychotherapeutic
nomenclature on the one hand, to mystical practice and new-age jargon on the
other. We have consciousness journals, professional societies, workshops, en-
counter groups, and television specials, in each context of which the term func-
tions as a popular buzzword, yet remains only vaguely defined. If we are to un-
dertake a serious science of consciousness, more specificity will be required.

One common quick response to this aspect of the “challenge” is simply to
propose as a synonym the term “awareness,” but this takes us little closer to
any resolution. Awareness of what? Awareness of self? Of physical environ-
ment? Of other beings? Of cosmic harmony and purpose? I know that I am
aware, and I presume that you are also. I believe that my dog is aware, and I no-
tice that all of the “higher” animals act as if they are aware. But what about
bacteria and mold spores, trees and rocks? Oceans and icebergs? Planets and
stars? Each of these is bombarded with stimuli from its respective environ-
ment, and each reacts to them in its appropriate fashion. Are these legitimate
forms of consciousness?

I once had the privilege of an interview with the Dalai Lama, during which I
asked whether, from his perspective, the devices we employed in our
human/machine anomalies experiments were conscious. After some reflec-
tion, he responded that if we regarded them as conscious, they were conscious.
This somewhat enigmatic but probably profound criterion stimulated my sub-
sequent rumination on the rampant anthropomorphism we practice on our
childhood toys, our automobiles, and our computers, and led me to the radical
proposition that all definable entities could be regarded as possessing some
form of consciousness.

Beyond its ambiguity and vagueness, the concept of “awareness” also car-
ries with it a connotation of passivity that falls short of capturing the full
essence of a proactive consciousness as we shall need it for incorporation into
scientific treatment. As Niels Bohr properly put it, “We are both actors and on-
lookers in the great drama of existence,”(1) and indeed our definition must
carry a more dynamical spin. It must encompass not only what we experience,
but what we do, what we say, what we believe, and what we wish. It must entail
a purposefulness, and a drive toward that purpose.



“Awareness” also falls short of adequate accommodation of the vast realm
of unconscious processes that automatically control most of our behavior and
functioning, that prompt many of our conscious activities, and that protect us
from experiential overloads and traumas. The life we live “out-of-awareness”
is at least as crucial to our welfare and effectiveness as that playing on our con-
scious stage, and therefore must be adequately embraced within any compre-
hensive definition of consciousness. Indeed, the very term “consciousness”
can be ambiguous in this regard. For our purposes, we must regard it to encom-
pass all “unconscious” processes, as well.

Other synonyms may be proposed, but at the end of the day we may be
forced to concede some intrinsic ineffability to the concept of consciousness,
and take our place in the long line of philosophers, theologians, and mystics
who over the ages have waffled in scholarly exasperation over essentially this
same problem of specification, e.g.: “I Am That I Am”; “I think, therefore I
am”; “The Tao that can be named is not the true Tao”; “If you have to ask the
question, you cannot comprehend the answer”; etc., etc. Consciousness would
seem to emerge from this gauntlet of elusiveness as nothing more, but nothing
less, than what we are, albeit in the particular environment in which we have
that being. Can science handle such an elusive, intangible, enigmatic concept
as one of its primary parameters? That indeed is a major portion of our chal-
lenge. But there is more—much more.

Subjectivity

A second aspect of the challenge is that consciousness, however defined,
often operates in subjective dimensions, in contrast to modern analytical sci-
ence for which objectivity is a sacred tenet. In addition to quantifiable objec-
tive measurables like distance, time, mass, and electric charge, consciousness
persists in bringing to the party such subjective criteria as purpose, value, de-
sire, and satisfaction. It imbues the proceedings with emotional evidence
stemming from intuition, inspiration, aesthetics, anger, fear, desire, and vari-
ous forms of respect and reverence. It is all very well for classical science to es-
chew any traffic in such spongy properties, but in so doing it surrenders at least
one-half of its most rapidly expanding conceptual currency, namely, informa-
tion. Unlike science’s other staples of matter and energy, information perco-
lates in our consciousness in both objective and subjective formats, as our
hemispheric brain structure confirms even at its most materialistic level. The
challenge here, therefore, is how to specify, how to quantify, how to do “infor-
mation theory” on the universe of subjective properties, in complementary
tandem with our objective analyses.

We have mused about this problem at some length in several earlier publica-
tions,(2–6) but adequate resolution is far from at hand. As one starting clue we
might note that virtually every prevailing objective parameter of contempo-
rary science can be traced, conceptually, epistemologically, and linguistically
to some prior form of subjective human impression. For example, our quanti-
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tative space/time metric is distilled from the intrinsic capacity of our con-
sciousness to sense subjectively the degree of spatial and temporal separation
between elements of our experience. Similarly, the concepts of mass and
charge derive from our subjective sensitivities to degrees of heaviness, and to
feelings of excitation, as mediated by our neurophysiological sensors. The
task here will be to retrace those paths that lead to objective specifications of
the corresponding physical properties, to re-generalize the definitions and pos-
sibly the criteria for their empirical measurement and quantification to accom-
modate subjective features.

Spectra of Individual Responses

With the admission of subjectivity into the scientific circumscription of
consciousness comes the further complication that individual responses to
given stimuli can vary extensively. One of the great benefits of conventional
scientific objectivity is its corollary requisite that the outcome of any well-de-
signed experiment should be independent of the individual performing it. Not
so with the subjective side of the consciousness household. Each of us has his
own forms and degrees of reactions to incoming stimuli, and while we might
attempt to specify norms and variances for such distributions of reactions,
even they would be extremely sensitive to the specific sample populations and
the nature of the particular stimuli. Worse yet, even the individual reactions
are not time-invariant, but can vary widely depending on the prevailing mood,
the intensity of the stimulus, and a host of other pertinent subjective and envi-
ronmental factors. In short, cause-and-effect in the subjective universe is a
horrendously complex, non-linear, hyper-statistical business for which even
the most sophisticated techniques of objective science are not yet well
equipped.

Mind/Brain Dichotomy

Without doubt, the single most perplexing aspect of the challenge of con-
sciousness is the deeply set, long-enduring issue of the relationship of the
physical construction, states, and dynamical processes of the brain and its as-
sociated neurophysiological networks to the subjective experiences of the
mind. The most extreme materialist or physicalist views hold that complete
specification of the brain electrodynamics and biochemistry is tantamount to
identification of the mental experiences. The most radical dualist perspectives
insist that the Cartesian cut is impenetrable and the res cogitans by their nature
do not submit to the mechanics of the res extensa. Between these epistemolog-
ical poles have arisen all manner of hybrid models that attempt to correlate im-
pressionistic experience or intention with corresponding tangible physical
events. In a later section of this paper we shall review one such model which
proposes an undifferentiated ontic level of reality that serves as a common
source for intrinsically correlated, epistemic mental experiences and material
events.



Challenge of Consciousness 447

Anomalous Information Transfer

As a final item on our list of challenges, we should remind ourselves of the
unique capacity of consciousness to precipitate anomalous behavior of a vari-
ety of physical systems and processes. In the array of experiments on
mind/matter or human/machine anomalies that have been regularly reported to
this Society we find incontrovertible evidence that consciousness can play a
proactive role in the behavior of simple or complex physical devices and
processes. In the remote perception genre of experiments, consciousness
demonstrates its capacity for the acquisition of objective information by sub-
jective means. Adding to these systematic studies the more anecdotal evidence
of anomalous healing, poltergeist phenomena, reincarnation, and various as-
pects of UFO interactions clearly deepens and broadens the challenge to sci-
ence of the incorporation of consciousness into its analytical bailiwick. Yet it
is precisely such paradoxes that provide the most valuable clues into the deep-
er nature of consciousness, and that ultimately will enable its scientific repre-
sentations for much more extensive applications than just the comprehension
of these specific anomalies.

II. Research on Mind/Matter Anomalies

Keeping our eye on those broader purposes, let us review very briefly the
large bodies of empirical data that have been accumulated on the anomalous
interactions of consciousness with various physical devices, systems, and
processes. Here we shall refer primarily to the results obtained by the Prince-
ton Engineering Anomalies Research laboratory and its immediate colleagues,
albeit with acknowledgment of the meta-analytical surveys that confirm the
ubiquitous and consistent characters of these effects as observed in many other
laboratories.(7) From these PEAR studies and meta-analyses we can distill a list
of salient properties of such anomalous results:(8)

1. The effects can be produced in forms that allow rigorous scientific study.
2. The anomalous effects are of small size, of the order of one part in 104

departure from chance expectations, but, with appropriately broad rep-
resentations, they display some statistical replicability.

3. Results are largely independent of such objective physical parameters as
the details of the target machines and their modes of operation, the phys-
ical separation of the operator from the machines, and the temporal sep-
aration of the operator efforts from the times of machine operation.(9)

4. In contrast, more subjective correlates associated with the operators’ in-
tentions, personality, gender, and mood, and with the ambience of the
experiment and laboratory, seem more relevant.

5. The most parsimonious interpretation of the full pattern of results is that
the intentions of the operators, whether consciously or unconsciously
expressed within some subjective state of resonance with the task,
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slightly alter the elemental binary probabilities underlying the physical
processes that determine the machine output distributions.(10)

Such a list of empirically established but scientifically strange specifica-
tions puts particular conceptual teeth in the challenge of consciousness to es-
tablished science. Is there any hope of accommodating such rambunctious
phenomena within the workshop of science? Not without a viable theoretical
model, and a heroic model it must be.

Despite the historical plethora of attempts to deploy psychophysical models
invoking a variety of electromagnetic, geographical, quantum mechanical,
mathematical, and psychological processes,(11) few of these, if any, have
achieved any predictive theoretical power. From this failure we might venture
one of three conclusions: 

1. The phenomena simply will not submit to a classical experimental/theo-
retical dialogue;

2. We are not yet smart enough, or we do not yet have sufficient empirical
data, to pose such a dialogue in a viable form;

3. Substantial redefinition and/or relaxation of rigid scientific rules, pre-
sumptions, and concepts will be needed before such a dialogue will be
possible.

The third possibility was explored in a sequence of talks and an article present-
ed to the SSE a few years ago under the title of “Science of the Subjective.”(5, 6)

In this thesis we proposed possibly productive generalizations of the definition
of scientific methodology, in particular of its replicability and falsifiability re-
quirements, and discussed the inclusion of subjectivity, cross-disciplinary
metaphor, and teleology within the arsenal of scientific weaponry. Several
years earlier, we had postulated a “Quantum Mechanics of Consciousness”
wherein many of the basic concepts of quantum theory were redirected by
metaphor to illuminate characteristics of the human mind, and various con-
sciousness-related anomalous phenomena could be represented as natural con-
sequences of “molecularly bonded” mind/matter systems.(3) Just last year, at the
SSE Annual Convention, we introduced a “Modular Model of Mind/Matter
Manifestations” (M5) that subsequently was published in JSE,(12) wherein the un-
conscious mind and the intangible material world were given major roles in the
achievement of mind/matter anomalies. This particular model, along with its two
predecessors, has shown some promise in stimulating a productive empirical/the-
oretical dialogue in contemporary mind/matter research and a brief reprise may
help to illustrate a possible route of response to the “challenge of consciousness.”

III. The M5 Model

Briefly, this model was prompted by re-examination of a large body of exist-
ing empirical data in the light of the commonly prevailing presumption that
anomalous mind/matter effects were achieved primarily by direct interactions
of the conscious mind with tangible physical substances and processes, and
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therefore that the experimental equipment, protocols, operator strategies, and
feedback modalities should be designed to enable and enhance such direct in-
teractions. Yet the data review did not support such presumptions. For exam-
ple, in many cases, the more explicit and vivid the feedback in displaying the
target processes and the operator achievements, the less pronounced were the
anomalous results. In fact, in certain experiments, which by their nature al-
lowed no direct feedback at all, the anomalous effect sizes were among the
largest obtained. Most notably, a large array of remote/off-time experiments,
wherein the operators were far removed from the experimental equipment, and
in some cases were directing their attention to the experimental tasks at times
other than those of the machine operations, yielded effect sizes at least as large
as those achieved when the same operators were in the laboratory, adjacent to
the same equipment at its time of operation.(9)

In support of these counter-intuitive mind/machine results, we also could
refer to another large body of anomalous data from our complementary pro-
gram of remote perception research, wherein human “percipients” attempted
to acquire information by other than normal sensory means about distant phys-
ical targets at which were stationed secondary participants, or “agents.”(13)

Here also, no direct or immediate feedback was available to the percipients,
yet the anomalous effect sizes were among the largest obtained in any of our
experimental programs. And just as in the “off-time” mind/machine studies,
temporal separations of the perception effort from the actual time of target vis-
itation by the agent seemed not to compromise the anomalous information
process. Perhaps even more pertinent to our forthcoming model, the subjective
or impressionistic aspects of the targets tended to be acquired more readily
than their tangible objective details.

Returning to our mind/machine databases, this preference for subjective
correlates was further underscored by a succession of analyses of variance
(ANOVA) and supplemental ad hoc analyses(7) that confirmed the relative in-
sensitivity of the results to such tangible parameters as the technical details of
the physical noise sources, the number and frequency of test samples acquired,
and the spatial and temporal separations, compared to the primary subjective
correlate of operator intention, and other operator-specific features such as
style of effort, gender, and co-operator categories.

But without a doubt the starkest rejections of the direct conscious mind/tan-
gible matter presumption were displayed in our body of “FieldREG” applica-
tions. Here we found that miniaturized random event generator (REG) de-
vices, unobtrusively placed in various group environments, such as theatre and
musical performances, professional meetings, sporting events, spiritual ritu-
als, significant social events, and various clinical therapies, frequently yielded
anomalous responses that could be correlated with particular characteristics of
the venues, or specific portions thereof.(14, 15) Without pursuing the details, the
most evident generic correlate of such responses was some form of group
unity, shared purpose, or coherent resonance of the group which seemed capa-
ble of manifesting in the REG electronics as more-ordered sequences of output
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bits than would be expected by chance. In contrast, group venues that were
more passive or pedestrian in character tended to yield data traces that con-
formed anomalously closely to the chance mean. Note that in these FieldREG
applications there was no ongoing feedback available to the participants, in-
deed no awareness of the presence of the device, and hence no conscious in-
tention was being exerted.

Finally, there was the pervasive evidence of subordinate or “structural”
anomalies in many of these databases. In most of the “successful” experi-
ments, i.e., those where significant correlations have been established between
the primary variable of pre-stated operator intentions and the REG responses,
one also finds subordinate anomalies in the structure of the database, such as
in gender disparities,(16) serial position effects,(17) variance effects,(7) and count
population profiles,(10) all of which underscore the departure of the output dis-
tributions from strictly chance behaviors. Even more pertinent to our point
here, however, is the appearance of such structural anomalies in a number of
experiments that were less successful, or even yielded chance results, in the
primary correlations. The most notable example of this appeared in the
PortREG Replication attempts of the tri-laboratory Mind/Machine Interaction
Consortium(18) wherein the desired correlations of output means, although pro-
ceeding in the intended directions, failed to achieve statistical significance.
Notwithstanding, an impressive array of secondary correlations were apparent,
which compounded in ensemble to major statistical departures from chance
behavior. Since none of these structural correlations were consciously intend-
ed by the participating operators or experimenters, here again we are impelled
to turn away from the simple presumptions of conscious influence on the ma-
chine behavior and search for a more sophisticated model.

IV. M5 Conceptual Architecture

Relying for details on the referenced publication,(12) the essence of the M5

model is sketched in Figure 1, which shows four conceptual modules juxta-
posed in a rectangular array, wherein:
C denotes all pertinent functions of the conscious mind of the operator, in-

cluding perception, representation, cognition, memory, volition, activation,
etc., as usually treated in the academic formulations of psychology, neuro-
physiology, and philosophy.

T encompasses all of the events and processes of the tangible physical world,
as commonly represented in the natural sciences and the technological and
medical applications thereof.

U subsumes all mental processing commonly termed “unconscious,” “sub-
conscious,” or “pre-conscious,” including both procedural aspects, such as
storage of information and experiences, autonomic control of physiological
functions, subliminal reactions to stimuli, instinctive behavior and insight,
and preparation for conscious attention and action, as well as “dynamic” as-
pects, such as protection from trauma and other experiential overloads.



I refers to an intangible or subtangible level of physical events and processes
purported to underlie the tangible or observable phenomena of the natural
world. This domain has been conceptualized, labeled, and analyzed in vari-
ous abstruse theoretical frameworks, e.g., “quantum holism,” “implicate
order,” “ontic level,” “string theory,” “vacuum or ZPF physics,” etc., all of
which share the presumption of a pre-manifest basis or source for all tangible
phenomena, wherein the common parameters of substance, energy, and in-
formation; space and time; and even mind and matter are undiscriminated. 

The essential proposition of the M5 model, then, is that rather than exercising
“normal” modes of information transfer directly from C to T , or vice versa,
mind/matter anomalies are achieved by more circuitous routes, wherein con-
sciousness invokes its unconscious capabilities, and tangible events diffuse
into their intangible counterparts, allowing the intrinsic indistinguishability of
the mental and material aspects at their deepest levels to provide the bridge
that completes the information circuit.

Development of this conceptual architecture into a predictive theoretical
model is far from complete, but a number of its subtler features, and some of
its experimental and theoretical implications, can be identified and are being
pursued. In the former category, it is important to note that although the dis-
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Fig. 1. Modular model of mind/matter manifestations.
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tinct modular structure of Figure 1 offers conceptual simplicity, in fact the in-
terfaces between the modules are not nearly so sharp, but entail more gradual
merging of the features and processes of one of the adjacent domains into the
other. For example, even the most familiar interface between C and T actu-
ally entails a sequence of information transmission processes that progress
from strictly physical to strictly mental, or vice versa, as sketched schematical-
ly in Figure 2. Likewise, the C / U interface progresses through strata that
entail nearly conscious, deeply unconscious, and totally inaccessible mental
processing. Similarly, the T / I material interface actually extends over a
range of physical abstractions from classical mechanics, through waves and
fields, on to quantum mechanics and quantum electrodynamics, to virtually
ineffable representations such as string theory and quantum holism. But the
most inextricable of the interfaces, that between U and I , is clearly the
most crucial to the efficacy of the model, and the most difficult to specify. For
it is here, at its deepest level, that the common mental and material features
surrender their identities to a subliminal indeterminate holism that can be rep-
resented only in theoretical abstractions. It is the domain where concept and

Fig. 2. Interactions of conscious mind with tangible matter (a) acquisition of information from
environment (b) insertion of information into environment .



reality, experience and event, mind and matter become indistinguishable and
therefore intrinsically correlated when expressed into the conscious and tangi-
ble sectors (see Figure 3).

Even with this powerful mechanism for bridging the mind/matter interface
available, it still remains to postulate how the conscious (or unconscious) in-
tention, desire, or purpose of the participating mind can find its expression in
the tangible outcome of an experiment, or can extract subjective and objective
information from a tangible physical target. Here we resort to an intriguing
proposition by Harald Atmanspacher(19) and several others that the long-ne-
glected negative-time solutions of the dynamical relations of scientific theory
be activated to allow some degree of teleological influence or “final causation”
to be imposed on the prevailing physical system. In other words, just as we are
accustomed to compute the dynamical evolution of a physical system in terms
of its positive-time progression from specified initial conditions, we now
would allow further contribution to that evolution to be imposed from the de-
sired final state or goal that the mind wishes to achieve. But how can the phys-
ical system accommodate both these initial and final causations in a self-con-
sistent behavior? The only mechanical possibility so far suggested is to invoke
the intrinsic uncertainties and probabilities of the underlying mental/material
systems to provide the requisite flexibilities in their necessarily correlated ex-
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Fig. 3. Correlation of tangible events and conscious experiences via subliminal seeds.
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perience/event manifestations. Whether these uncertainties all trace to the
quantum uncertainty principle and the essential probabilistic character of
quantum wave functions, or whether more systemic sources of dynamical un-
certainty, as encountered in the behavior of complex and chaotic systems, are
involved is not yet clear. But in any form, the pertinence of this flexibility to
the ubiquitous and enduring philosophical dichotomy of causality vs. free will
is quite apparent. (This issue fascinated many of the patriarchs of modern
physics, and in our prior paper(12) we reproduce a number of their quotations
on the matter.)

Another embellishment on the model which we shall not pursue here is the
possible addition of a fifth module to our M5 configuration, which could sub-
sume all potential influences of some pervasive cosmic agency that creates,
energizes, informs, and presides over the interrelation of the other four mod-
ules. We have labeled this generically “the Source” S , and regard its posi-
tioning in the modular array as quite arbitrary, although a few alternatives are
sketched in Figure 4. The qualities and role of this component of the model are
explored to some extent in the prior paper with reference to various cultural
and spiritual traditions. Here we would only note that inclusion of this model

Fig. 4. Modular structures with the Source.



potentially elevates its scientific relevance from the already challenging
mind/matter interface, to the even more awesome conceptual triad of mind/
matter/spirit.

V. Implications, Qualifications, and Applications

If our goal is to formulate a model that can engage in a constructive scientif-
ic dialogue with empirical studies, it is imperative that the former contains
specific, testable hints of the salient experimental variables, and that the latter
allow controlled exploration of the sensitivity of the anomalous yields to these
parameters. In this regard, the M5 model makes a few specific predictions
which are developed in detail in the referenced article.(12) Briefly, it suggests
that the forms of direct and explicit feedback that conventionally have been
provided operators in our experiments are not supportive of, and possibly are
detrimental to, the attainment of the unconscious mental processing that better
facilitates access to the intangible mechanics of the material world. Rather, the
model suggests that subtler types of feedback that distract conscious attention
from the task and stimulate unconscious involvement could be more enabling.
A number of possibilities for such feedback displays have been conceived,
some of them have been implemented, and data now are being accumulated.

In addition to this major revision of feedback strategy, the model suggests
criteria for the selection of the experimental devices or remote perception
scenes that serve as targets for the operators’ intentions to insert or extract spe-
cific information. In particular, physical targets that entail complex or chaotic
processes, strong dynamical non-linearities, quantum effects, explicitly sub-
jective aspects, or any other sources of probabilistic uncertainty would appear
to offer greater possibilities for synergy with corresponding mental states.
Some of these features already are implicit in a few of our target devices and
scenes, and it may be possible to confirm their efficacy by further post hoc
analyses of existing data. Design, construction, and experimental applications
of new configurations that would be dominated by such features currently are
under consideration.

There is also the more implicit suggestion that operators who by nature or
strategy are more amenable to this mind/matter merger ethic are more likely to
generate larger anomalous effects. While such operator characteristics are
more difficult to assess quantitatively and to maintain as a controlled parame-
ter, the importance of these subjective dimensions has been hinted anecdotally
in many preceding studies, and now should be explored as systematically as
possible.

Along with its experimental validation, the model clearly would benefit
from deeper understanding of certain of its theoretical features in their own
right. Despite our extensive canonical representations and empirical data re-
garding modules C and T and, to a lesser degree, our more abstract and gen-
eralized concepts regarding U and I , we need much better understanding of
the mechanics of information flow between C and U , and between
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T and I , respectively, if this model is to function effectively. But far more
essential will be better comprehension and representation of the deepest levels
of the structure where U and I merge into indistiguishability, where both
subjective and objective information, as we know them, are born, and where
the observable correlations between material events and mental experiences
are spawned. We cannot pursue these sublime aspects of the model here, but
the prior article, and the references therein, should provide some primer for in-
terested readers.

Post hoc applications of this model to the full spectrum of PEAR experi-
ments, and to a much broader range of anomalous phenomena reported else-
where, also is attempted in the preceding paper.(12) The data and lore from such
disparate regimes as clairvoyance, telepathy, precognition, psychic healing,
poltergeist phenomena, religious and mystical miracles, and survival of bodily
death are each found to entail some suggestive correlates with conceptual fea-
tures of the model. Clearly, any claims of universal relevance are premature,
but perhaps the highest form of mind/matter interaction, namely the dialogue
between descriptive conceptualization and empirical experience, has been ad-
vanced ever so slightly.

VI. Summary

So we must concede that the incorporation of consciousness within the
purview of rigorous science indeed presents a huge array of conceptual and
methodological problems. As yet we do not really know how to define it, how
to characterize it, how to model it, or how to measure its properties. We do not
understand its relationships with the physical world, including those with its
own physiological mechanics. Its inclusion inevitably will bring with it a uni-
verse of subjective experience and expression that does not nestle well into the
canons of scientific objectivity, replicability, and quantification, along with a
host of mildly and wildly anomalous physical effects. And it will insist in play-
ing only on grossly probabilistic, inherently uncertain terms.

Is the challenge of consciousness worth all of this trouble, or should we con-
tinue to exclude it from the tidy workshop of objective science? Although it
commits us to an extremely difficult agenda, it is our position that the admis-
sion of consciousness into systematic science is possible, desirable, and in-
deed essential to the ultimate relevance of science to the human condition, and
thereby to the survival and evolution of the species. For in studying conscious-
ness, we are doing nothing less than studying our own vital essence: our minds;
our spirits; our lives; and our eternal presence and purpose in the cosmic plan.
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Abstract. Even when the Higgs particle is finally detected, it will continue to be a legitimate 
question to ask whether the inertia of matter as a reaction force opposing acceleration is an intrin- 
sic or extrinsic property of matter. General relativity specifies which geodesic path a free particle 
will follow, but geometrodynamics has no mechanism for generating a reaction force for deviation 
from geodesic motion. We discuss a different approach involving the electromagnetic zdro-point 
field (ZPF) of the quantum vacuum. It has been found that certain asymmetries arise in the ZPF 
as perceived from an accelerating reference frame. In such a frame the Poynting vector and mo- 
mentum flux of the ZPF become non-zero. Scattering of this quantum radiation by the quarks and 
electrons in matter can result in an acceleration-dependent reaction force. Both the ordinary and 
the relativistic forms of Newton's second law, the equation of motion, can be derived from the 
electrodynamics of such ZPF-particle interactions. Conjectural arguments are given why this inter- 
action should take place in a resonance at the Compton frequency, and how this could simulta- 
neously provide a physical basis for the de Broglie wavelength of a moving particle. This affords a 
suggestive perspective on a deep connection between electrodynamics, the origin of inertia and the 
quantum wave nature of matter. 
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1 Introduction 

Although the Standard Model is customarily described as one involving fundamen- 
tal particles (leptons and quarks) and their interactions via bosons, at a deeper 
level it is believed that fundamental particles are really excitations of a field. That 
is thought to be why all fundamental particles of a given type, e.g. all electrons, are 
precisely identical. The study of particles from this perspective, the discipline 
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known as quantum field theory, is both conceptually rich and quantitatively suc- 
cessful: witness the agreement between theory and experiment of the magnetic 
moment of the electron to thirteen significant figures. Although the technique that 
has been used so far to develop the hypothesis connecting inertia and the quantum 
vacuum is a semi-classical one (stochastic electrodynamics), the objective is congru- 
ent with that of quantum field theory: we are seeking an origin of inertia based on 
the properties of a quantum field, although thus far we have considered only the 
zero-point photon field. In his book "Concepts of Mass in Contemporary Physics 
and Philosophy" Jammer correctly states about this approach [I]: 

"However, debatable as their theory still is, it is from the philosophical point of 
view a thought-provoking attempt to renounce the traditional priority of the no- 
tion of mass in the hierarchy of our conceptions of physical reality and to dis- 
pense with the concept of mass in favor of the concept of field. In this respect 
their theory does to the Newtonian concept of mass what modern physics has 
done to the notion of absolute space: As Einstein once wrote, 'the victory over 
the concept of absolute space or over that of the inertial system became possible 
only because the concept of the material object was gradually replaced as the 
fundamental concept of physics by that of the field'." 

There was still another shift in foundation that came along with ;elativity, one 
that can be described as the introduction of an epistemology of  obseuvables. In his 
1905 paper "On the Electrodynamics of Moving Bodies" Einstein eliminated the 
notions of a mechanical ether and of an absolute frame of rest [2]. A consequence 
of his resulting principle of relativity was the abandonment of the concepts of ab- 
solute space and of absolute time. We see that the same dictate of empiricist philo- 
sophy which would later (c. 1925) characterize the foundations of so-called modern 
quantum theory, with its emphasis on observables, was already present in the foun- 
dations of special relativity, though in a less overt, more concealed form. The new 
mechanics of relativity which replaced that of Newton brought with it a subtle 
epistemological change in foundation: relativity is founded ultimately on physically 
measureable quantities determined by light propagation rather than on abstract 
concepts such as absolute space and absolute time. It is the observation of light 
signals that defines the lengths of rulers and durations of time intervals. Twenty 
years later a similar emphasis on observable or measurable quantitites became the 
basis of the standard interpretation of quantum mechanics. We propose that such 
an epistemology of observables may also be appropriate for the interpretation of 
the concept of mass.l 

The existence of matter is self-evident and fundamental: we are made of matter. 
Mass however - like absolute space and time - can be viewed as an abstraction. 
Though it is usually regarded as an innate property of matter, mass is not in fact 
directly observable. The mass we habitually attribute to matter manifests in two 

A lucid discussion concerning the epistemology of observables is found in Phillip Frank's 
"Einstein, Mach and Logical Positivism" [3]. The influence on the early work of Einstein (up to 
approximately 1920) by Mach and his Logical Positivistic viewpoint is widely known. The emphasis 
on observables as the essence of scientific verification was widely promoted by the thinkers of the 
Vienna Circle and by Auguste Compte. 
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ways: through a force and as energy. In classical mechanics, one applies a force, f ,  
to an object and measures its resultant acceleration, a. The force and the accelera- 
tion are the observables. We relate these two observables by assuming the existence 
of an innate property of matter known as inertial mass and thus we write f = ma. 
Viewed this way, the existence of an innate inertial mass, m, is an inference and an 
abstraction. Using the methodology of stochastic electrodynamics [4] it has been 
shown that it may be possible to view Newton's equation of motion, f = ma, as well 
as its relativistic generalization, F = dP/dz, as a consequence of the actions of the 
electromagnetic zero-point field (ZPF) - or more generally of the quantum vac- 
uum fields - on matter [5], [6]. Of course the situation is more complex than we 
have captured in our limited SED approach, in that the quantum vacuum contains 
zero-point oscillations of all gauge fields, not only electromagnetism. 

With this caveat in mind that we have so far considered only the electromag- 
netic quantum vacuum-matter interaction, the resistance to acceleration tradition- 
ally attributed to the existence of inertial mass in matter appears to be logically 
and quantitatively attributable instead to a resistance on accelerated matter due to 
the zero-point vacuum fields. In other words, inertia would appear to be a kind of 
reaction force that springs into existence out of the quantum vacuum whenever 
acceleration of an object takes place, for reasons given below. The m in f = ma 
thus would become a coupling parameter that quantifies a more fundamental rela- 
tionship between the elementary charged particles (quarks and electrons) in matter 
and the surrounding vacuum. This is not inconsistent with the ordinary con'cepts of 
momentum and kinetic energy which are calculated using the same m. After all, 
momentum and kinetic energy of a moving object can take on any value depend- 
ing on the relative motion of the observer, and so cannot be regarded as in any 
sense absolute. It is only changes, not definite values, in momentum or kinetic 
energy that manifest as real measureable effects when a collision or a mechanical 
interaction takes place. We would argue that momentum and energy are real char- 
acteristics of the quantum vacua, but that for material objects momentum, energy 
and mass should be viewed as calculational devices useful for predicting what will 
be observed when collisions or other interactions take place. The apparent momen- 
tum, energy and mass of material objects stem from interactions with the quantum 
vacua. 

Our attempts to link inertia to the actions of the quantum vacua have been 
limited to the electromagnetic zero-point field. We have not considered the vacua 
of the weak or strong interactions. (A recent proposal by Vigier [7] that there is 
also a contribution to inertia from the Dirac vacuum goes along similar lines.) In 
the electromagnetic case, the inertia connection comes about through the Poynting 
vector of the ZPF: in an accelerating reference frame the Poynting vector becomes 
non-zero and proves to be proportional to acceleration.' A non-zero Poynting vec- 
tor implies a non-zero radiative momentum flux transiting any accelerating object. 

In this respect, the fact that here we deal with a vector field that has a Poynting vector and 
not with a scalar field may be critical. For simple scalar fields such a resistance opposing accelera- 
tion is not present. This has been reviewed and studied by, e.g., Jaekel and Raynaud [8]. Here 
however [6] we are dealing with a vector field with a well defined Poynting vector and associated 
momentum density. 
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If one assumes that the quarks and electrons in such an object scatter this radia- 
tion, the semi-classical techniques of stochastic electrodynamics show that there 
will result a reaction force on that accelerating object having the form f, =; -pa, 
where the p parameter quantifies the strength of the scattering process. In order to 
maintain the state of acceleration, a motive force f must continuously be applied 
to balance this reaction force f,. Applying Newton's third law to the region of 
contact between the agent and the object, f = -f,, we thus immediately arrive at 
f =pa ,  which is identical to Newton's equation of motion. However now a param- 
eter originating in the zero-point field scattering, p, accomplishes the very thing 
that inertial mass, m, is assumed to do: resist acceleration. One can conceptually 
replace inertial mass, m, by a ZPF-based parameter representing a scattering pro- 
cess, p. It is conceptually quite important to note that the inertial parameter p, 
unlike m, is not an intrinsic property of the body but combines intrinsic properties 
(such as r, or ~ ( w ) ,  see below) with extrinsic parameters of the ZPE We discuss 
this relationship in 5 4. 

This is not merely a trivial substitution of nomenclature: Taking this approach 
one may be able to eliminate a postulate of physics provided that it is eventually 
possible to extend this to the strong- and weak-interaction vacuum fields. Newton's 
second law, f = ma, may then cease to be fundamental as it might be derived from 
the vacuum fields plus the third law. Newton's third law of action and reaction 
would be axiomatic; Newton's second law would not. For practical purposes one 
could retain the concept of inertial mass, m, while realizing that it is an emergent 
property of matterlfield interactions. One might regard mass in the same category 
as a classical thermodynamic parameter, such as heat capacity, for example. The 
measurable heat capacity of a given substance is a useful concept, but we know 
that it really represents an ensemble of atomic processes at a more fundamental 
level. So it appears to be with inertial mass as well. 

In conventional QCD the proton and neutron masses are explained as being 
primarily the energies associated with quark motions and gluon fields, the masses 
of the u and d quarks amounting to very little (app. 20 MeV in comparison to a 
nudeon mass of about 1 GeV). That sort of reasoning - calculating binding and 
kinetic energies, etc. - is usually considered sufficient explanation of nucleon 
masses, but the quantum vacuum-inertia hypothesis addresses the possibility that 
there is a deeper level to the nature of mass by asking where inertia itself comes 
from. In other words, even if QCD calculations yield a correct mass-equivalen't 
energy for a nucleon, can one still ask the question why that energy possesses the 
property of resisting acceleration? We are proposing that there may be such a 
physical basis underlying the reaction force that characterizes inertia. If this is true, 
that would certainly be a deeper explanation than simply saying that there is so 
much energy (mass) in the quark motions and gluon fields and by definition that 
such energy (mass) simply resists acceleration. Where does the specific reaction 
force that opposes acceleration come from? Why does mass or its energy equiva- 
lent resist acceleration? One possibility is that this will never be solved and forever 
remain a mystery. Another possibility is that this can be explained and that the 
present approach offers a possible new insight. 

Inertial mass is only one of several manifestations of the concept of mass. If a 
ZPF-scattering process can account, at least in part, for inertial mass is there an 
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analogous basis for the E = mc2 relation? This equation is often seen as a state- 
ment that one kind of thing (energy) can be transformed into a totally different 
kind of thing (mass) and vice versa, but this is probably a misleading view. Most of 
the derivations of this relationship show that it is really a statement that energy has 
inertia; that Newton's second law could be rewritten F = (E/c') a [I]. Indeed, it 
seems likely that this relationship follows automatically regardless of the detailed 
theory (if any) of inertia, so long as that theory maintains the conservation of 
energy and moinentum, because Lhose coilservation laws (together with the axioms 
of special relativity) are sufficient to determine how the inertia of a body changes 
when it emits or absorbs energy. 

Following an epistemology of observables, we propose that this is indeed the 
case, and that just as inertial mass may be regarded as an abstraction postulated to 
account for the observation of an acceleration-dependent force, rest mass may be 
an abstraction accounting for some kind of internal, ZPF-based energy associated 
with the fundamental particles constituting matter. In a preliminary attempt to de- 
velop the Sakharov [9] conjecture of a vacuum-fluctuation model for gravity, Hes- 
tenes [lo] proposed that the E = mc2 relationship reflected the internal energy 
associated with zitterbewegung of fundamental particles (see also Puthoff [I11 for 
a similar suggestion). The zitterbewegung, so named by Schrodinger 1121, can be 
understood as the ultrarelativistic oscillatory motions associated with the center of 
charge operator in the electron with respect to the center of mass operator. It can 
be interpreted as a motion of the center of charge around the averaged center of 
mass point. It is attributed in stochastic electrodynamics to the fluctuations induced 
by the ZPE In the Dirac theory of the electron the eigenvalues of the zitterbewe- 
gung velocity are f c (see [13]), and the amplitude of these oscillations are on the 
order of the Compton wavelength. In the view proposed by Schrodinger, Huang, 
Hestenes and others, the rest mass of a particle is actually the field energy asso- 
ciated with point charge particle oscillations driven by the ZPE If that is the case, 
there is no problematic conversion of mass into energy or enigmatic creation of 
mass from energy, but rather simply a concentration or liberation of ZPF-asso- 
ciated energy. Here too mass may become a useful but no longer fundamental 
concept. 

, 

This approach may allow yet another reduction in physical postulates. Just as the 
laws of electrodynamics applied to the ZPF appear to explain and support a for- 
mer postulate of physics (f = ma) via a new interpretation of inertial mass, a pos- 
tulate of quantum mechanics appears to be derivable via an interpretation of rest 
mass as the energy of ZPF-driven zitterbewegung: The de Broglie relation for the 
wavelength oi a moving particle, AB = h / p ,  may be derived from Doppler shifts of 
the Compton-frequency oscillations associated with zitterbewegung that occur when 
a particle is placed in motion. This is discussed in 5 5. 

There is one final mass concept: gravitational mass. Einstein's principle of 
equivalence dictates that inertial and gravitational mass must be the same. There- 
fore if inertial mass is a placeholder for vacuum field forces that arise in accelerat- 
ing reference frames, then there must be an analogous connection between gravita- 
tion and vacuum fields. The attempt of Puthoff over a decade ago to develop the 
Sakharov conjecture along the lines of a stochastic electrodynamics approach was 
stimulating, but has not yet been successful in accounting for Newtonian gravita- 
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tion [14]. We limit our discussion on gravitation to some comments on this and on 
the associated problem of the cosmological constant in § 6. 

To summarize the view that emerges from these considerations, all energy 
and momentum that we normally associate with matter may actually reflect 
some part of the energy and momentum of the underlying vacuum. The classi- 
cal kinetic energy, T = mv2/2, or momentum, p = mv. that we ascribe to an 
object depend entirely on the relative motion of the object and the observer. 
Both T and p are necessarily calculated quantities; a real observation only 
arises when object and observer are made to closely interact, e.g. when brought 
together into the same frame, which is to say when a collision occurs. But to 
achieve that requires a change in velocity, and it is precisely upon deceleration 
that the vacuum generates a reaction force that is called the inertial reaction 
force which Newton took to be an irreducible property of the so-called inertial 
mass, m. Again, we may retain the concept of inertial mass as a convenient 
bookkeeping tool for kinetic energy, momentum and other calculations, but the 
actual observable measurement of forces can perhaps, we are suggesting, be 
traced back to the vacuum reaction force on the most elementary components 
of matter (e.g., in the electromagnetic case, quarks and electrons) that accompa- 
nies acceleration. 

2 Historical remarks on the zero-point field of stochastic electrodynamics 

Any physical field must have an associated energy density; therefore the average 
field intensity over some small volume is associated with a given energy. The Hei- 
senberg uncertainty relation (in the A E  At form) requires that this energy be un- 
certain in inverse proportion to the length of time over which it obtains. This un- 
certainty requires fluctuations in the field intensity, from one such small volume to 
another, and from one increment of time to the next; fluctuations which must en- 
tail fluctuations in the fields themselves. These fluctuations become more intense 
as the spatial and temporal resolution increases. 

Such quantum arguments apply to the electromagnetic field. The quantization 
of the field in terms of quantum-mechanical operators may be found in various 
standard textbooks, such as that of Loudon 1151: "The electromagnetic Geld is 
now quantized by the association of a quantum-mechanical harmonic oscillator 
with each mode k of the radiation field." This can easily be understood: Appli- 
cation of the Heisenberg uncertainty relation to a harmonic oscillator immedi- 
ately requires that its ground state have a non-zero energy of hv/2, because a 
particle cannot simultaneously be exactly at the bottom of its potential well and 
have exactly zero momentum. The harmonic oscillators of the EM field are 
formally identical to those derived for a particle in a suitable potential well; 
thus there is the same hv/2 zero-point energy expression for each mode of the 
field as is the case for a mechanical oscillator. Summing up the energy over the 
modes for all frequencies, directions, and polarization states, one arrives at a 
zero-point energy density for the electromagnetic fluctuations, and this is the 
origin of the electromagnetic ZPE An energy of hv/2 per mode of the field 
characterizes both the fluctuations of the quantized radiation field in quantum 
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field theory and the amplitude of random electromagnetic plane waves in sto- 

I chastic electrodynamics. 
The clearest introduction to the classical electromagnetic ZPF concept of Sto- 

chastic Electrodynamics (SED) was the review paper of Boyer in 1975 [16] that 
discussed the foundational aspects of SED theory. In the Lorentz-Maxwell classi- 

I 
I 

cal electrodynamics or Lorentz theory of the electron, one automatically assigns 
a zero value everywhere for the homogeneous solutions for the potential equa- 
tions. In other words, it is taken for granted that the classical electron is not 

I immersed in an incoming free background field: all electromagnetic radiation at 
any point in the Universe is due solely to discrete sources or to the remnant 

1 I radiation from the Big Bang. Boyer argued that this is not the only possible 
assumption: it is also legitimate to assume a completely random but on average 
homogeneous and isotropic electromagnetic radiation field provided that it has 
an energy density spectrum that is Lorentz invariant. If this is so, identical ex- I 

periments will yield exactly the same results when performed in totally different 
inertial frames because the spectrum looks the same from all inertial frames. 
Since it consists of ordinary electrodynamics, the ZPF of S E D  is by definition 

1 consistent with special relativity. It was shown by Marshall [17] and later indepen- 
dently by Boyer that the only spectrum of a random field with these characteris- 
tics is a v3 distributed spectral energy density. This is exactly the form of the 
spectrum studied by Planck in 1911 [18] and is the spectrum of the ZPF that 
emerges from QED. This ZPF is not related to the 2.7 K cosmic microwave 
remnant radiation of the Big Bang. 

SED is thus precisely the Lorentz classical electrodynamics with the sole adden- 
dum of a uniform, isotropic, totally random electromagnetic radiation field (the 
ZPF) having a v3 spectral energy density whose value is scaled by Planck's con- 

~ stant, h. In this view, h is not a unit of quantization nor quantum of action, but 
rather a scaling parameter for the energy density of the ZPF. 

One rationale of SED has been to explore a possible classical foundation for I quantum fluctuations, which in this view, may be interpreted as the result of ran- 
dom electromagnetic perturbations; for that reason h as a measure (or degree) of 
quantum uncertainty translates into a measure or scale of ZPF energy density in 
SED since electromagnetic fluctuations are assumed to generate uncertainty as 
embodied in the Heisenberg relation in the conventional quantum view. 

Another rationale of SED, and by far the most useful one in our view, is as 
I a powerful and intuitive calculational tool for certain kinds of problems. We do 

not seriously expect, as other SED researchers appear to, that SED in any 

I substantial way may replace or supplant quantum theory. However it is not 
unreasonable to expect that SED theory may throw some light into founda- 

L tional aspects of quantum theory. One revealing outcome of SED has been that 
I some aspects of quantum mechanics would appear to be explicable in terms of 

i classical electrodynamics if one accepts as an Ansatz the existence of a real 
electromagnetic ZPF. Another outcome has been the use of its techniques for 
the predictions or explanations of some effects that so far have remained unex- 
plained. 

Planck [18] derived a closed mathematical expression that fit the measurement 
of the spectral distribution of thermal radiation by hypothesizing a quantization of 
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the radiation emission process. This yielded the well-known blackbody function, 

written here as an energy density and factored so as to show the two components: 
a density of modes (i.e. number of degrees of freedom per unit volume) times the 
thermal energy per mode in the frequency interval dv. As discussed in detail in 
Icuhn [19], Planck himself remained skeptical of the physical significance and im- 
portance of his theoretical discovery of an apparently new constant of nature, h, 
for over a decade. 

In 1913 Einstein and Stern [20] studied the interaction of matter with radiation 
using classical physics and a model of simple dipole oscillators to represent 
charged particles. They found that if, for some reason, such a dipole oscillator had 
a zero-point energy, i.e. an irreducible energy even at T = 0, of hv, the Planck 
formula for the radiation spectrum would result without the need to postulate quan- 
tization as an a priovi assumption. 

The existence of such a ZPF had already been envisaged by Planck around 1910 
when he formulated his so-called second theory: namely an attempt to derive the 
blacltbody spectral formula with a weaker quantization assumption. Nernst [21] 
proposed that the Universe might actually contain enormous amounts of such ZPF 
radiation and became the main proponent of this concept. Both Planck and Nernst 
used the correct hv/2 form for the average energy of the zero-point electromag- 
netic fluctuations instead of the hv value assumed by Einstein and Stern; the hv 
assumption is correct for the sum of interacting harmonic oscillator plus the energy 
of the electromagnetic field mode. The electromagnetic blackbody spectrum includ- 
ing ZPF would then be: 

This appears to result in a v3 ultraviolet catastrophe in the second term. In the 
context of SED, however, that divergence is not fatal. This component now refers 
not to measurable excess radiation from a heated object, but rather to a uniform, 
isotropic background radiation field that cannot be directly measured because of 
its homogeneity and isotropy. This approach of Einstein and Stern to understand- 
ing the blackbody spectrum was not developed further thereafter, and was essen- 
tially forgotten for the next fifty years until its rediscovery by Marshall [17]. In 
recent times, several modern derivations of the blackbody function using classical 
physics with a real ZPF but without quantization (i.e. SED) have been presented 
mainly by Boyer (see Boyer [22] and references therein; also de la Peiia and Cetto 
[4] for a thorough review and references to other authors). In other words, if one 
grants the existence of a real ZPE the correct blackbody formula for the thermal 
emission of matter seems to naturally follow from classical physics without quanti- 
zation. 

Another curiousity of the SED approach is that it could have provided a differ- 
ent method of attack to the problem of the stability of the ground-state of hydro- 
gen. Rutherford's discovery of the atomic nucleus in 1911 together with Thomson's 
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previous discovery of the electron in 1897 led to the analogy between atomic struc- 
ture and planetary orbits about the Sun. In this naive analogy however, electrons, 
being charged, would radiate away their orbital energy and quickly collapse into 
the nucleus. Bohr [23] resolved the problem of radiative collapse of the hydrogen 
atom. He recognized that Planck's constant, h, could be combined with Rydberg's 
empirical relationship among the spectral lines of hydrogen to solve the problem 
of atomic stability by boldly postulating that only discrete transitions are allowed 
between states whose angular momenta are multiples of fi, where fi = h /2z .  The 
ground state of the hydrogen atom would then have angular momentum mvao = fi, 
or equivalently mooai = fi, and would be forbidden to decay below this "orbit" by 
Bohr's fiat. A more complex picture quickly developed from this that substituted 
wave functions for orbiting point particles, and in that view the orbital angular 
momentum of the ground state is actually 1 = 0: the wavefunction is spherically 
symmetric and has a radial probability distribution whose most probable value is 
ao (the expectation value being ao). 

As with the classical derivation of the blackbody function made possible by the 
assumption of a real ZPF, modern SED analysis of the Bohr hydrogen atom has 
yielded a suggestive insight. A simple argument assuming strictly circular orbits by 
Boyer [ I S ]  and Puthoff [24] indicated that while a classically circularly-orbiting 
electron would indeed radiate away energy, if one takes into account the ZPF as a 
source of energy to be absorbed, then it is at the Bohr orbit, ao, that a condition 
of balance would take place in absorbed and emitted power such that 
( P ~ ~ ~ ) ~ , ~ ~  = (Prad)cl,,. In other words, a classically orbiting and radiating electron 
would pick up as much energy as it loses, and thus be energetically stabilized. In 
the analysis a strong assumption was introduced, namely that the electron moves 
around the nucleus along strictly circular orbits. This stabilization was found to be 
somewhat at odds with the more realistic analysis of Claverie and coworkers [25] 
who studied the problem in detail. A prediction of this much more detailed sto- 
chastic but still subrelativistic analysis was that the atom would, unfortunately, un- 
dergo self-ionization. A study has recently been initiated by D. Cole to look more 
carefully at the details of the binding potentials with the expectation that self-ioni- 
zation effects might be quenched. The physical ideas underlying this approach 
were developed a decade ago [26] but were, unfortunately, intractable at the time. 
Numerical simulation techniques are now available to deal with the extremely non- 
linear dynamics involved. 

The detailed SED analysis of Claverie and coworkers was not restricted to glo- 
bal quantities and contemplated the general case of orbits not restricted to be 
circular, but where the much more realistic stochastic motion was allowed to hap- 
pen. It used the more sophisticated Fokker-Planck approach (see [25] and refer- 
ences therein) and it involved other dynamic quantities such as momentum and 
not just average energies. But, being subrelativistic, these models assumed the elec- 
tron to be a purely pointlike particle with no structure and they therefore ne- 
glected zittevbewegung and spin, ingredients that surely are relevant and probably 
essential for the stability of the hydrogen atom. This was discussed in detail by 
Rueda [27]; see also Haisch, Rueda and Puthoff 1281 and de la Peiia and Cetto [4] 
for a general discussion and references. The ultrarelativistic point-electron motions 
should be an essential ingredient not only in the constitution of the particle itself 
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but also in the stability of its states in the hydrogen atom. This is why an SED 
theory at subrelativistic speeds and without possibilities to apprehend the particle 
structure features is unlikely to succeed in solving problems such as that of the 
stability of the hydrogen atom. The fact that tz independently appears in the ZPF 
spectrum and in the spin of the electron clearly points towards some common 
origin. The proper SED study of this will require dealing not only with the difficul- 
ties of the ultrarelativistic speeds of the electron point charge, but also with sto- 
chastic non-linear partial differential equations with colored noise that are well 
beyond present-day techniques [27]. 

3 The zero-point field as viewed from uniformly-accelerating reference frames 

The ZPF spectral energy density, cf. eqn. (3), 

would indeed be analogous to a spatially uniform constant offset that cancels 
out when considering net energy fluxes. However an important discovery was 
made in the mid-1970s that showed that the ZPF acquires special characteristics 
when viewed from an accelerating frame. In connection with radiation from 
evaporating black holes as proposed in 1974 by Hawking [29], wofking indepen- 
dently Davies [30] and Unruh [31] determined that a Planck-like component of 
the ZPF will arise in a uniformly-accelerated coordinate system, namely one 
having a constant proper acceleration a with what amounts to an effective 
"temperature" 

where a = la1 This "temperature" does not originate in emission from particles 
undergoing thermal  motion^.^ As discussed by Davies, Dray and Manogue [32]: 

"One of the most curious properties to be discussed in recent years is the predic- 
tion that an observer who accelerates in the conventional quantum vacuum of 
Minkowski space will perceive a bath of radiation, while an inertial observer of 
course perceives nothing. In the case of linear acceleration, for which there ex- 
ists an extensive literature, the response of a model particle detector mimics the 
effect of its being immersed in a bath of thermal radiation (the so-called Unruh 
effect)." 

This "heat bath" is a quantum phenomenon. The "temperature" is negligible for 
most accelerations. Only in the extremely large gravitational fields of black holes 
or in high-energy particle collisions can this temperature become significant. This 
effect has been studied using both QED [30], [31] and the SED formalism [33]. For 

One suspects of course that there is a deep connection between the fact that the ZPF spec- 
trum that arises in this fashion due to acceleration and the ordinary blackbody spectrum have 
identical form. 
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the classical SED case it is found that the spectrum is quasi-Planckian in T,. Thus 

I for the case of zero true external thermal radiation ( T  = 0) but including this ac- 
celeration effect (T,), eqn. (3) becomes [3314 

where the acceleration-dependent pseudo-Planckian component is placed after the 
hv/2 term to indicate that except for extreme accelerations (e.g. particle collisions 
at high energies) this term is negligibly small. While these additional acceleration- 
dependent terms do not show any spatial asymmetry in the expression for the ZPF 
spectral energy density, certain asymmetries do appear when the (vector) electro- 
magnetic field interactions with charged particles are analyzed, or when the mo- 
mentum flux of the ZPF is calculated. The ordinary plus a2 radiation reaction 
terms in eqn. (12) of HRP mirror the two leading terms in eqn. (5). 

An analysis was presented by HRP and this resulted in the apparent derivation 
of at least part of Newton's equation of motion, f = ma, from Maxwell's equations 
as applied to the ZPF. In that analysis it appeared that the resistance to accelera- 
tion known as inertia was in reality the electromagnetic Lorentz force stemming 
from interactions between a charged particle (such as an electron or a quark) trea- 
ted as a classical Planck oscillator and the ZPF, i.e. it was found that the stochasti- 
cally-averaged expression (v,,, x BZl') was exactly proportional to and in the oppo- 
site direction to the acceleration a. The velocity v,,, represented the internal 
velocity of oscillation induced by the electric component of the ZPF, EZ" 011 the 
harmonic oscillator. This internal motion was restricted to a plane orthogonal to 
the external direction of motion (acceleration) of the particle as a whole. The Lor- 
entz force was found using a perturbation technique due to Einstein and Hopf 
[35]. Owing to its linear dependence on acceleration we interpreted this resulting 
force as a contribution to Newton's inertia reaction force on the particle. 

The HRP analysis can be summarized as follows. The simplest possible model of 
a particle (which, following Feynman's terminology, was referred to as a parton) is 
that of a harmonically-oscillating point charge ("Planck oscillator"). Such a model 
would apply to electrons or to the quarks constituting protons and neutrons for 
example. Given the peculiar character of the strong interaction that it increases in 
strength with distance, to a first approximation it is reasonable in such an explora- 
tory attempt to treat the three quarks in a proton or neutron as independent oscil- 
lators. This Planck oscillator is driven by the electric component of the ZPF, EZ*, 
to motion with instantaneous velocity, v,,,, assumed for simplicity to be in a plane 
perpendicular to the direction of the externally-imposed uniform acceleration. This 
oscillatory-type motion is the well-known zittevbewegung motion. The oscillator 
moves under constant proper acceleration, a, imposed by an independent, external 
agent. New components of the ZPF will appear in the frame of the accelerating 

However, further analysis by Boyer [34] showed that although the spectrum of the fields in an 
accelerated frame is correctly given by eqn. (5 ) ,  a dipole oscillator attached to the uniformly-accel- 
erated frame will have an additional radiation reaction term that exactly compensates for the addi- 
tional factor [I + ( a / 2 ~ c v ) ~ ]  in eqn. (5). As a result the detector will still detect only a Planckian 
spectrum insofar as the scalar detector-ZPF interaction is concerned! 
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particle having the spectral energy density given in eqn. (5). The leading term of 
the acceleration-dependent terms is taken; the electric and magnetic fields are 
transformed into a constant proper acceleration frame using well-known relations. 
The Lorentz force, f ~ ,  arising from the acceleration-dependent part of the BZp act- 
ing upon the Planck oscillator is calculated: it is found to be proportional to accel- 
eration. Following the approach in S; 1, our result may be expressed as, 
fr = fL = -m,a, i.e. the reaction force created by the ZPF due to acceleration 
through the quantum vacuuum is the Lorentz force, and m, is an electromagetic 
parameter. To maintain the acceleration process, a motive force, f, must continually 
be applied to compensate for f,, and therefore f = -f, = mia. 

The electromagnetic constant of proportionality, mi, is interpreted as the physi- 
cal basis of the inertial mass of the Planck oscillator and thus at least as a contribu- 
tion to the total mass of the real particle that was modeled for simplicity as a 
Planck oscillator. This inertial mass, m,, was found to be a function of a radiation 
damping constant for zitterbewegung, T,, of the oscillator and of the interaction 
frequency with the ZPF. In the HRP analysis it was assumed that the interaction 
between the ZPF and the Planck oscillator takes place at a very high cutoff fre- 
quency, a , ,  which was suggested to be the Planck frequency, or perhaps a limiting 
frequency reflecting some minimum size of an elementary particle. The expression 
that was found relating mass to the zitterbewegung damping constant and a cutoff 
frequency was (eqn. 111 of HRP): 

For reasons discussed below, we now think it more likely that the ZPF-parton 
interaction takes place at a resonance. We thus replace w,, a cutoff frequency, by 
w,, a resonance frequency, and rewrite eqn. (6) in terms of cycle frequency, v,, 
rather than angular frequency, w,, to arrive at 

For the case of the electron, if v, = vc, the Compton frequency, then 
hv, = 512 keV and clearly we then want r,v, = 1 for the mass of the electron to 
"come out right." This tells us straightaway that r, = 8.07 x lo-'' s, which is much 
longer than the characteristic radiative damping time for the electron, 
re = 2e2/3mc3 = 6.26 x s (cf. eqn. 16.3 in Jackson [36]). 

What can we claim to have accomplished with this approach? We have shown 
how a relation like f = ma can be derived based on the electrodynamics of a ZPF- 
Planck oscillator interaction. The electrodynamic parameter, m,, relating f to a 
looks very much like an inertial mass. Assuming the ZPF-Planck oscillator interac- 
tion involves a resonance, we can replicate the mass of the electron by choosing 
v, = vc and Tzvc = 1. Below we will discuss a physical argument for why v, must 
be the Compton frequency, vc. This argument involves a connection between this 
inertia-generating resonance and the origin of the de Broglie wavelength of a mov- 
ing electron. What remains to be done is to establish some independent basis for 
determining T,. It is tantalizing to think that a physical understanding of the origin 
of rz for the electron might allow us to predict additonal T,'s corresponding to 
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excited resonances that might correspond to the muon and the tauon, which ap- 
pear to be simply heavy electrons. 

Keeping in mind that only the electromagnetic interaction has been taken into 
account, the HRP concept, if correct, substitutes for Mach's principle a very specific 
electromagnetic effect acting between the ZPF and the charge inherent in matter. 
Inertia appears as an acceleration-dependent electromagnetic (Lorentz) force. New- 
tonian mechanics would then be derivable in principle from the ZPF via Maxwell's 

I 

, equations and in the more general case from the other vacuum fields also. Note that 
1 this coupling of the electric and magnetic components of the ZPF via the technique 

of Einstein and Hopf is very similar to that found in ordinary electromagnetic radia- 
tion pressure. A similar observation, we conjecture, should hold for the other vac- 

I uum fields. So we conclude that inertia appears as a radiation pressure exerted by 
I the fields in the vacuum opposing the acceleration of material elementary particles. 

4 The relativistic formulation of inertia from the ZPF Poynting Vector 

The oversimplification of an idealized oscillator interacting with the ZPF as well as 
the mathematical complexity of the HRP analysis are understandable sources of 
skepticism, as is the limitation to Newtonian mechanics. A relativistic form of the 
equation of motion having standard covariant properties has since been obtained 
[6] which is independent of any particle model, since it relies solely on the stand- 
ard Lorentz-transformation properties of the electromagnetic fields. 

Newton's third law states that if an agent applies a force to a point on an object, 
at that point there arises an equal and opposite reaction force back upon the agent. 
In the case of a fixed object the equal and opposite reaction force can be traced to 
interatomic forces in the neighborhood of the point of contact which act to resist 
compression, and these in turn can be traced more deeply still to electromagnetic 
interactions involving orbital electrons of adjacent atoms or molecules, etc. 

Now a similar experience of an equal and opposite reaction force arises when a 
non-fixed object is forced to accelerate. Why does acceleration create such a reac- 
tion force? We suggest that this equal and opposite reaction force also has an 
underlying cause which is at least partially electromagnetic, and specifically may be 
due to the scattering of ZPF radiation. Rueda and Haisch (RH) [6] demonstrated 
that from the point of view of the pushing agent there exists a net flux (Poynting 
vector) of ZPF radiation transiting the accelerating object in a direction opposite 
to the acceleration. The scattering opacity of the object to the transiting flux would 
create a back reaction force that can be interpreted as inertia. 

The RH approach is less complex and model-dependent than the HRP analysis in 
that it assumes simply that electromagnetically-interacting elementary particles in any 
material object interact with the ZPF in a way that produces ordinary electromagnetic 
scattering.5 In the more general R H  analysis one simply needs to assume that there is 

It is well known that treating the ZPF-particle interaction as dipole scattering is a successful 
representation in that the dipole-scattered field exactly reproduces the original unscattered field 
radiation pattern in unaccelerated reference frames [16]. It  is thus likely that dipole scattering 1s an 
appropriate way - at least to first order - to describe several forms of ZPF-particle interaction. 
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some dimensionless efficiency factor, ~ ( w ) ,  that describes whatever the process is. We 
suspect that ~ ( o )  contains one or more resonances - and in the following section 
discuss why these resonances likely involve Compton frequencies of relevant particles 
forming a material object - but again this is not a necessary assumption. 

The RH approach relies on making standard transformations of the EZP and BZP 
from a stationary to an accelerated coordinate system. In a stationary or uni- 
formly-moving frame the EZP and BzP constitute an isotropic radiation pattern. In 
an accelerated frame the radiation pattern acquires asymmetries. There is thus a 
non-zero Poynting vector in any accelerated frame carrying a non-zero net flux of 
electromagnetic momentum. The scattering of this momentum flux generates a re- 
action force, f,. RH found that the inertial mass is of the form 

where qzp is the well known spectral energy density of the ZPF of eqn. (3). The 
momentum of the object is of the form 

Not only does the ordinary form of Newton's second law, f = ma, emerge from 
this analysis, but one can also obtain the relativistic form of the second law [6]: 

The origin of inertia, in this picture, becomes remarkably intuitive. Any material 
object resists acceleration because the acceleration produces a perceived flux of 
radiation in the opposite direction that scatters within the object and thereby 
pushes against the accelerating agent. Inertia in the present model appears as a 
kind of acceleration-dependent electromagnetic vacuum-fields drag force acting 
upon electromagnetically-interacting elementary particles. The relativistic law for 
"mass" transformation - that is, the formula describing how the inertia of a body 
has been calculated to change according to an observer's relative motion - is auto- 
matically satisfied in this view, because the correct relativistic form of the reaction 
force is derived, as shown in eqn. (10). 

5 Inertial mass and the de Broglie relation for a moving particle: A = h/p 

The four-momentum is defined as 

where IP( = moc and E = ymocZ. The Einstein-de Broglie relation defines the 
Compton frequency hvc = moc2 for an object of rest mass mo, and if we make the 
de Broglie assumption that the momentum-wave number relation for light also 
characterizes matter then p = iikB where k~ = 2~(;1;1~, J,;l12, We thus write 

P 2 q v c  1 1  2~ - -- ---- -- - = ( C l k B ) =  I2 (l C '  A B , ~  ' A B , ~ '  A B , ~  , (I2) 



1 B. Haisch et al., Inertial mass and the quantum vacuum fields 407 

and from this obtain the relationship 

between the Compton wavelength, A,, and the de Broglie wavelength, dB .  For a 
stationary object dB is infinite, and the de Broglie wavelength decreases in inverse 
proportion to the momentum. 

Eqns. (6), (7) and (8) are very suggestive that ZPF-elementary particle interaction 
involves a resonance at the Compton frequency. De Broglie proposed that an ele- 
mentary particle is associated with a localized wave whose frequency is the Compton 
frequency. As summarized by Hunter [37]: ". . . what we regard as the (inertial) mass 
of the particle is, according to de Broglie's proposal, simply the vibrational energy 
(divided by c2) of a localized oscillating field (most likely the electromagnetic field). 
From this standpoint inertial mass is not an elementary property of a particle, but 
rather a property derived from the localized oscillation of the (electromagnetic) 
field. De Broglie described this equivalence between mass and the energy of oscilla- 
tional motion . . . as 'une grande loi de  la Nature' (a great law of nature)." 

This perspective is consistent with the proposition that inertial mass, mi, may be 
a coupling parameter between electromagnetically interacting particles and the 
ZPF. Although De Broglie assumed that his wave at the Compton frequency origi- 
nates in the particle itself (due to some intrinsic oscillation or circulation of charge 
perhaps) there is an alternative interpretation discussed in some detail by de la 
Pefia and Cetto that a particle "is tuned to a wave originating in the high-fre- 
quency modes of the zero-point background field" [38]. The de Broglie oscillation 
would thus be due to a resonant interaction with the ZPF, presumably the same 
resonance that is responsible for creating a contribution to inertial mass as in eqns. 
(7) and (8). In other words, the ZPF would be driving this vc oscillation. 

We therefore suggest that an elementary charge driven to oscillate at the Comp- 
ton frequency, vc, by the ZPF may be the physical basis of the q(v)  scattering 
parameter in eqn. (8). For the case of the electron, this would imply that q(v)  is a 
sharply-peaked resonance at the frequency, expressed in terms of energy, 
hvc = 512 keV. The inertial mass of the electron would physically be the reaction 
force due to resonance scattering of the ZPF at that frequency. 

This leads to a surprising corollary. It has been shown that as viewed from a 
laboratory frame, a standing wave at the Compton frequency in the electron frame 
transforms into a traveling wave having the de Broglie wavelength for a moving 
electron [4] [37] [38] [39]. The wave nature of the moving electron (as measured in 
the Davisson-Germer experiment, for example) would be basically due to Doppler 
shifts associated with its Einstein-de Broglie resonance at the Compton frequency. 
A simplified heuristic model shows this, and a detailed treatment showing the 
same result may be found in de la Pefia and Cetto [4]. Represent a ZPF-like driv- 
ing force field as two waves having the Compton frequency wc = 2xvc travelling 
in equal and opposite directions, 4~2. The amplitude of the combined wave acting 
upon an electron fixed at a given coordinate x will be 

~ But now assume an electron is moving with velocity v in the +x-direction. The 
wave responsible for driving the resonant oscillation impinging on the electron 
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from the front will be the wave seen in the laboratory frame to have frequency 
o- = yoc( l  - vlc), i.e. it is the wave below the Compton frequency in the labora- 
tory that for the electron is Doppler shifted up to the wc resonance. Similarly the 
ZPF-wave responsible for driving the electron resonant oscillation impinging on 
the electron from the rear will have a laboratory frequency o+ = yoc(l  + vlc) 
which is Doppler shifted down to wc for the electron. The same transformations 
apply to the wave numbers, k+ and k-. The Lorentz invariance of the ZPF spec- 
trum ensures that regardless of the electron's (unaccelerated) motion the up- and 
down-shifting of the laboratory-frame ZPF will always yield a standing wave in the 
electron's frame. 

It can be shown [4] [39] that the superposition of these two waves is 

(b' = @: + (b' = 2 cos (ywct - kBx) cos (wBt - ykcx) . (15) 
Observe that for fixed x, the rapidly oscillating "carrier" of frequency ywc is 
modulated by the slowly varying envelope function in frequency cog. And vice ver- 
sa observe that at a given t the "carrier" in space appears to have a relatively 
large wave number ykc which is modulated by the envelope of much smaller wave 
number ks. Hence both timewise at a fixed point in space and spacewise at a 
given time, there appears a carrier that is modulated by a much broader wave of 
dimension corresponding to the de Broglie time tg = 2Tr/mB, or equivalently, the 
de Broglie wavelength /ZB = 2x/kB. 

This result may be generalized to include ZPF radiation from all sther direc- 
tions, as may be found in the monograph of de la Peiia and Cetto [4]. They con- 
clude by stating: "The foregoing discussion assigns a physical meaning to de Bro- 
glie's wave: it is the modulation of the wave formed by the Lorentz-transformed, 
Doppler-shifted superposition of the whole set of random stationary electromag- 
netic waves of frequency o c  with which the electron interacts selectively." 

Another way of looking at the spatial modulation is in terms of the wave func- 
tion: the spatial modulation of eqn. (15) is exactly the e p x / h a v e  function of a 
freely moving particle satisfying the Schrodinger equation. The same argument has 
been made by Hunter [37]. In such a view the quantum wave function of a moving 
free particle becomes a "beat frequency7' produced by the relative motion of the 
observer with respect to the particle and its oscillating charge. 

It thus appears that a simple model of a particle as a ZPF-driven oscillating charge 
with a resonance at its Compton frequency may simultaneously offer insight into the 
nature of inertial mass, i.e. into rest inertial mass and its relativistic extension, the 
Einstein-de Broglie formula and into its associated wave function involving the de 
Broglie wavelength of a moving particle. If the de Broglie oscillation is indeed driven 
by the ZPF, then it is a form of Schrodinger's zitterbewegung. Moreover there is a 
substantial literature attempting to associate spin with zitterbewegung tracing back to 
the work of Schrodinger [12]; see for example Huang [13] and Barut and Zanghi [40]. 

6 Comments on Gravitation 

If inertial mass, mi, originates in quantum vacuum-charge type interactions, then, 
by the principle of equivalence so must gravitational mass, m,. In this view, and 
within the restricted context of the electromagnetic approach, gravitation would be 
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a force originating in ZPF-charge interactions analogous to the ZPF-inertia con- 
cept. Sakharov [9], inspired by previous work of Zeldovich [41], was the first to 
conjecture in a more general sense this interpretation of gravity. If true, gravitation 
would be unified with the other forces: it would be a manifestation of the other 
fields. 

General relativity (GR) attributes gravitation to spacetime curvature. Modern 
attempts to reconcile quantum physics with GR take a different approach, treating 
gravity as an exchange of gravitons in flat spacetime (analagous to the treatment 
of electromagnetism as exchange of virtual photons). A non-geometric (i.e. flat 
spacetime) approach to gravity is legitimate in quantum gravity. Similarly another 
non-geometric approach would be to assume that the dielectric properties of space 
itself may change in the presence of matter: this can be called the polarizable 
vacuum (PV) approach to gravity. Propagation of light in the presence of matter 
would deviate from straight lines due to variable refraction of space itself, and 
other GR effects such as the slowing down of light (the coordinate velocity as 
judged by a distant observer) in a gravitational potential would also occur. But of 
course it is the propagation of light from which we infer that spacetime is curved 
in the first place. This raises the interesting possibility that GR may be successful 
and yet not because spacetime is really curved: rather because the point-to-point 
changes in the dielectric (refractive) properties of space in the presence of matter 
create the illusion of geometrical curvature. A PV type of model does not directly 
relate gravitation to the ZPF (or to the more general quantum vacuum) but it 
does appear to provide a theoretical framework conducive to developing the con- 
jecture of Sakharov that it is changes in the ZPF that create gravitational forces. 

There were some early pioneering attempts, inspired by Sakharov's conjecture, 
to link gravity to the vacuum from a quantum field theoretical viewpoint (by Ama- 
ti, Adler and others, see discussion and references in Misner, Thorne and Wheeler 
[42]) as well as within SED (see Surdin [43]). The first step in developing Sakha- 
rov's conjecture in any detail within the classical context of nonrelativistic SED 
was the work of Puthoff [ll].  In this approach gravity is treated as a residuum 
force in the manner of the van der Waals forces. Expressed in the most rudimen- 
tary way this can be viewed as follows. The electric component of the ZPF causes 
a given charged particle to oscillate. Such oscillations give rise to secondary elec- 
tromagnetic fields. An adjacent charged particle will thus experience both the ZPF 
driving forces causing it to oscillate, and in addition forces due to the secondary 
fields produced by the ZPF-driven oscillations of the first particle. Similarly, the 
ZPF-driven oscillations of the second particle will cause their own secondary fields 
acting back upon the first particle. The net effect is an attractive force between the 
particles. The sign of the charge does not matter: it only affects the phasing of the 
interactions. Unlike the Coulomb force which, classically viewed, acts directly be- 
tween charged particles, this interaction is mediated by extremely minute propagat- 
ing secondary fields created by the ZPF-driven oscillations, and so is enormously 
weaker than the Coulomb force. Gravitation, in this view, appears to be a long- 
range interaction akin to the van der Waals force. 

The Puthoff analysis consists of two separate parts. In the first, the energy of 
Schrodinger's zitterbewegung motion is equated to gravitational mass, m, (after di- 
viding by c2). This leads to a relationship between m, and electrodynamic param- 
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eters that is identical to the HRP inertial mass, m,, apart from a factor of two. This 
factor of two is discussed in the appendix of HRP, in which it is concluded that the 
Puthoff mg should be reduced by a factor of two, yielding mi = mg precisely. 

The second part of Puthoff's analysis is more controversial. He quantitatively 
examines the van der Waals force-like interactions between two driven oscillating 
dipoles and derives an inverse square force of attraction. This part of the analysis 
has been challenged by Carlip to which Puthoff has responded [44], but, since 
problems remain [45], this aspect of the ZPF-gravitation concept requires further 
theoretical development, in particular the implementation of a fully relativistic 
model. 

One might think that the ZPF-inertia and the ZPF-gravitation concepts must 
stand or fall together, given the principle of equivalence. Yet this may not be the 
case. Following the notation of Jammer [I] one may identify two aspects of gravita- 
tional mass: ma, the active gravitational mass, is the source of gravitational field, 
and mp, the passive gravitational mass, describes a body's response to an imposed 
gravitational field. In a geometrical theory of gravity mi = mP, the principle of 
equivalence, is automatically satisfied, because a gravitational "force" is an inertia 
reaction force as seen in the locally Minkowskian frame. This remains true 
whether m, is intrinsic or a product of extrinsic interactions. The identity m, = m, 
is not as immediately obvious, but since the source of gravitational curvature is 
energy (or rather, the energy-momentum tensor), rn, =ma will follow as long as 
the ZPF-inertia theory respects the relativistic relationship between inertia and en- 
ergy, as discussed in earlier sections. 

Although ZPF-inertia does not require ZPF-gravity as a support, it is the case 
that a ZPF-driven theory of gravity such as the one attempted by Puthoff would 
legitimately refute the objection that the ZPF cannot be a real electromagnetic 
field since the energy density of this field would be enormous and thereby act as a 
cosmological constant, A, of enormous proportions that would curve the Universe 
into something microscopic in size. This cannot happen in the Sakharov-Puthoff 
view. This situation is clearly ruled out by the fact that, in this view, the ZPF can- 
not act upon itself to gravitate. Gravitation is not caused by the mere presence of 
the ZPF, rather by secondary motions of charged particles driven by the ZPF. In 
this view it is impossible for the ZPF to give rise to a cosmological constant. (The 
possibility of non-gravitating vacuum energy has recently been investigated in 
quantum cosmology in the framework of the modified Born-Oppenheimer approx- 
imation by Datta [46].) 

The other side of this argument is of course that as electromagnetic radiation is 
not made of polarizable entities one might naively no longer expect deviation of 
light rays by massive bodies. We speculate however that such deviation will be part 
of a fully relativistic theory that besides the ZPF properly takes into account the 
polarization of the Dirac vacuum when light rays pass through the particle-antipar- 
ticle Dirac sea. It should act, in effect, as a medium with an index of refraction 
modified in the vicinity of massive objects. This is very much in line with the origi- 
nal Sakharov [9] concept. Indeed, within a more general field-theoretical frame- 
work one would expect that the role of the ZPF in the inertia and gravitation 
developments mentioned above will be played by a more general quantum vacuum 
field, as was already suggested in the HRP appendix. 
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7 Concluding comments on the Higgs Field as originator of mass 

In the Standard Model of particle physics it is postulated that there exists a scalar 
field pervasive throughout the Universe and whose main function is to assign mass 
to the elementary particles. This is the so-called Higgs field or Higgs boson and it 
originated from a proposal by the British physicist Peter Higgs who introduced 
that kind of field as an idea for assigning masses in the Landau-Ginzburg theory of 
superconductivity. Recent predictions of the mass that the Higgs boson itself may 
have indicate a rather large mass (more than 60 GeV) and this may be one of the 
reasons why, up to the present, the Higgs boson has not been observed. There are 
alternative theories that give mass to elementary particles without the need to 
postulate a Higgs field, as, e.g., dynamical symmetry breaking where the Higgs 
boson is not elementary but composite. But the fact that the Higgs boson has not 
been detected is by no means an indication that it does not exist. Recall the 
26 years which passed between the proposal by Pauli in 1930 of the existence of 
the neutrino and its first detection when the Reines experiment was performed. 

It should be clearly stated that the existence (or non-existence) of the hypotheti- 
cal Higgs boson does not affect our proposal for the origin of inertia. In the Stand- 
ard Model attempt to obtain, in John Wheeler's quote, "mass without mass," the 
issue of inertia itself does not appear. As Wilczek 1471 states concerning protons 
and neutrons: "Most of the mass of ordinary matter, for sure, is the pure energy of 
moving quarks and gluons. The remainder, a quantitatively small but qualitatively 
crucial remainder - it includes the mass of electrons - is all ascribed to the con- 
founding influence of a pervasive medium, the Higgs field condensate." An expla- 
nation of proton and neutron masses in terms of the energies of quark motions 
and gluon fields falls short of offering any insight on inertia itself. One is no closer 
to an understanding of how this energy somehow acquires the property of resis- 
tance to acceleration known as inertia. Put another way, a quantitative equivalence 
between energy and mass does not address the origin of inertial reaction forces. 

Many physicists apparently believe that our conjecture of inertia originating in 
the vacuum fields is at odds with the Higgs hypothesis for the origin of mass. This 
happens because of the pervasive, one might even say invisible, assumption that 
inertia can only be intrinsic to mass and thus if the Higgs mechanism creates mass 
one automatically has an explanation for inertia. If inertia is intrinsic to mass as 
postulated by Newton, then inertia could indeed be considered to be a direct re- 
sult of the Higgs field because presumably the Higgs field is the entity that gener- 
ates the corresponding mass and inertia simply comes along with mass automati- 
cally. However if one accepts that there is indeed an extrinsic origin for the inertia 
reaction force, be it the gravity field of the surrounding matter of the Universe 
(Mach's Principle) or be it the electromagnetic quantum vacuum (or more gener- 
ally the quantum vacua) that we propose, then the question of how mass origi- 
nates - possibly by a Higgs mechanism - is a separate issue from the property of 
inertia. This is a point that is often not properly understood. The modern Standard 
Model explanation of mass is satisfied if it can balance the calculated energies with 
the measured masses (as in the proton) but obviously this does not explain the 
origin of the inertia reaction force. Returning to our epistemology of observables, it 
is the inertia reaction force associated with acceleration that is measureable and 
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fundamental, not mass itself. We are proposing a specific mechanism for genera- 
tion of the inertia reaction force resulting from distortions of the quantum vacua 
as perceived by accelerating elementary particles. 

We do not enter into the problems associated with attempts to explain inertia 
via Mach's Principle, since we have discussed this at length in a recent paper [48]: 
a detailed discussion on intrinsic vs. extrinsic inertia and on the inability of the 
geometrodynamics of general relativity to generate inertia reaction forces may be 
found therein. It had already been shown by Rindler [49] and others that Mach's 
Principle is inconsistent with general relativity, and Dobyns et al. [48] further elabo- 
rate on a crucial point in general relativity that is not much appreciated: Geometro- 
dynamics merely defines the geodesic that a freely moving object will follow. But if 
an object is constrained to follow some different path, geometrodynamics has no 
mechanism for creating a reaction force. Geometrodynamics has nothing more to 
say about inertia than does classical Newtonian physics. Geometrodynamics leaves 
it to whatever processes generate inertia to generate such a force upon deviation 
from a geodesic path, but this becomes an obvious tautology if an explanation of 
inertia is sought in geometrodynamics. 

Concerning neutrino mass, if, unlike the neutron which consists of three quarks 
whose charges cancel, the neutrino is truly a neutral particle, it could have no 
electromagnetically originating mass. It was announced in 1997 that the Super-ICa- 
miokande neutrino observatory had, at last, succeeded in measuring a mass for the 
neutrino. Of course these measurements did not directly measure the hroperty of 
inertial mass; this is an impossibility at present. What was measured was the ratio 
of electron neutrinos to muon neutrinos due to cosmic rays. In the current Stand- 
ard Model of particle physics, this ratio implies an oscillation between the two 
types of neutrinos which in turn implies a theoretical mass. This is a "mass" based 
on a specific interpretation from the Standard Model not a direct measurement of 
inertial mass (and the quantum vacuum-inertia concept of mass proposes specifi- 
cally that mass is a quite different thing than the concept of mass in the Standard 
Model). However there is a more likely resolution. There are two other vacuum 
fields: those associated with the weak and strong interactions. The neutrino is gov- 
erned by the weak interaction, and it is possible that a similar kind of ZPF-particle 
interaction creates inertial mass for the neutrino but now involving the ZPF of the 
weak interaction. At present this is pure conjecture. No theoretical work has been 
done on this problem. In either case, it is prudent to be open to the possibility that 
certain areas of standard theory may benefit from a fundamental reinterpretation 
of mass which would resolve these apparent conflicts. 

Inertia is frequently taken as the defining feature of mass in the development of 
classical and relativistic mechanics. This has the virtue of parsimony, but a deeper 
understanding of the profound connections between inertia and energy, and inertia 
and gravity, may be achievable if a consistent theory for a dynamical origin of 
inertia can be found. The question of why the mass associated with either matter 
or energy should display a resistance to acceleration is a valid one that needs to be 
addressed even if the Higgs boson is experimentally found and confirmed as the 
origin of mass. 

We acknowledge NASA contract NASW-5050 for support of this research. 
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A Modular Model of Mind/Matter Manifestations (M5)
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Abstract—While ongoing empirical research into anomalous mind/matter
interactions continues to reaffirm the reality of such phenomena, it has
heretofore failed to stimulate viable theoretical models, or even to suggest ef-
fective strategies for more productive experimentation.  In contrast to preva-
lent presumption, re-examination of several large databases from this labora-
tory raises doubt that such effects are produced by direct attention of the
conscious mind to the observable physical processes addressed.  Rather, an
alternative route is indicated wherein unconscious mind and intangible physi-
cal mechanisms are invoked to achieve anomalous acquisition of mental in-
formation about, or anomalous mental influence upon, otherwise inaccessible
material processes. Implications for more effective experiments include sub-
tler feedback schemes that facilitate submission of conscious intention to un-
conscious mental processing; physical target systems that provide a richness
of intangible potentialities; operators who are amenable to such interactions;
and an environmental ambience that supports the composite strategy.  Theo-
retical requisites include better understanding of the information dialogue be-
tween conscious and unconscious aspects of mind; more pragmatic formula-
tions of the relations between tangible and intangible physical processes; and
most importantly, cogent representation of the merging of mental and materi-
al dimensions into indistinguishability at their deepest levels.

Keywords: consciousness-related anomalies — engineering anomalies —
human/machine anomalies — mind/matter interactions — mod-
els of mind/matter interactions — remote perception

I. Background

Over the past century or more of systematic research into consciousness-relat-
ed anomalous physical phenomena, itself laid upon many millennia of record-
ed anecdotal attention to such topics,(1) little credible progress has been made
toward reliable definitions of situations, individuals, or strategies that regular-
ly enhance the scale or reproducibility of these extraordinary events.  Whereas
any reasonable meta-analyses of the huge bodies of extant data clearly estab-
lish the reality of such effects and crudely circumscribe their size and gross
mental and technical correlates,(2) little indication of routes to systematic im-
provement of yield or reliability appears therein.  To the contrary, in many
cases apparent hints of potentially productive strategies gleaned from one set
of experiments, when implemented more directly in subsequent studies, have
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Fig. 1. Tangible Physical Module T .

failed to improve the yield, or even to produce equivalent results.  In other
cases, experiments that logically have seemed less propitious, either in their
attractiveness to the  participants or in the difficulty of their tasks, have pro-
vided some of the largest effect sizes.  And not infrequently, attempts at direct
replication conducted under essentially identical conditions have shifted the
anomalous behavior away from the primary indicators into various secondary
structural aberrations.(3) At the end of the day, we are confronted with an
archive of irregular, irrational, yet indismissable data that testifies, almost
impishly, to our enduring lack of comprehension of the basic nature of these
phenomena.

Most of this long chain of less than enlightening experiments have been de-
signed and operated under the implicit, if not explicit, presumption that we are
seeking other direct, albeit anomalous, routes of access of the conscious mind
into the material world that can function in parallel with the known sensory
channels.  Hence, the experimental strategies have employed simple and at-
tractive physical targets, feedback displays that are aesthetically engaging to
the operator while providing immediate information on the achievement, and
operator strategies involving direct attention to the tasks.  The proposition ad-
vanced in this paper is that all of this actually may have been a misguided
search for the key to these phenomena under a familiar intellectual lamp post,
while the processes we seek to understand actually are functioning in more
shadowy regions of the mental and physical worlds.

To develop this suspicion in a bit more detail and to begin construction of
our alternative model, consider two conceptual modules labeled T and
C , denoting the tangible physical world and the conscious mind, respectively

(Figures 1 & 2).  The former comprises all of the known material substances
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and structures, dynamic and energetic processes, and information transfer
mechanisms commonly represented in the contemporary natural and biologi-
cal sciences.  The primary functions of this domain are to preserve and evolve
itself, and to provide viable habitats for living creatures.  The modes of internal
communication are via contact interactions among its material units, bulk
transport of substance or energy, and radiations of various kinds.  Its most
commonly employed observables are based on fundamental measures of posi-
tion, time, mass, and electric charge.  Searches for the ultimate constituents of
this material domain have led historically to identification of a plethora of
atomic, nuclear, sub-nuclear, and yet more esoteric “particles,” all of which
can display complementary wave-like characteristics.  Conversely, all of its
radiation processes have been found to display particulate characteristics
under appropriate observational conditions.  Despite this duality, almost all
aspects of this venue appear to conform to a hierarchy of well-understood dy-
namical relations, conservation laws, and other physical principles that pre-
side over their orderly deployment and representation.

The module C , representing all the conscious aspects of the mind, sub-
sumes the psychological capacities commonly termed perception (awareness),
cognition (contemplation), representation (organization), memory (recollec-
tion), volition (intention), activation (behavior), etc. The primary processes
executed in this domain are the establishment of subjective experiences de-
rived from interactions with the physical world and with other consciousness-
es, and the logical organization thereof via its own internal ruminations.  At-
tempts to define the composition and dynamics of the mind traditionally have
been pursued from two widely disparate presumptions regarding the relation-
ship of mind to brain.  From a currently popular materialistic perspective, all of
the conscious functions and experiences of mind are established by the elec-
trochemical states of the brain, themselves induced by sensory stimulations
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from the entire physiology.  As such, the conscious mind module would center
on the brain and, in principle, could be represented adequately by the methods
of objective science.  But in a sharply alternative non-materialistic view,
which we shall favor, conscious experience is regarded as a much more exten-
sive, less explicitly definable, perhaps even conceptually ineffable purview,
with the brain and its associated neurophysiological processes more properly
included in the tangible physical module T , where they serve as transducers
between objective signals and subjective impressions.  In taking this option,
we cannot avoid invoking a host of less explicitly definable or measurable sub-
jective dimensions for which a comprehensive quantitative science does not
yet exist.  In several other publications we have offered some speculations on
possibilities for formulation of such a “science of the subjective,”(4) with par-
ticular attention to the metaphoric applications of quantum mechanics for such
purposes.(1, 5) These formulations introduce a number of “soft” coordinates,
along with expanded roles for uncertainty and probability, proactive teleology,
and interdisciplinary metaphors, well beyond those usually allowed in materi-

Fig. 3. Interactions of Conscious Mind with Tangible Matter (a) Acquisition of information from
environment; (b) Insertion of information into environment .
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alistic science, and, to some extent, we shall presume the validity of such ex-
trapolations in the development of this model.

From this perspective, we can illustrate the inadequacy of the current
mind/matter paradigm and begin assembly of our modular model by juxtapos-
ing segments C and T , as sketched in Figures 3a and b.  The essential issue
is how C acquires information about T , and vice versa.  In “normal”
processes, we presume that information about physical states or events is first
transmitted by contact, radiation, or some other transport process to the physi-
ological corpus, where it is detected by some appropriate sensory transducer,
whence it is converted to corresponding neurological signals that are transmit-
ted to and organized by the brain, establishing therein an array of micro and
macro, localized and distributed, states to which the conscious mind, either by
experience or instinct, can respond.  Inversely, a conscious intention to affect
the physical environment follows a reverse route wherein the brain, somehow
configured by that intention, transmits appropriate instructions to physiologi-
cal transmitters and activators, such as the voice equipment, hands, or legs, to
perform some physical functions that influence, i.e., insert information into,
the physical environment.  Note that the brain/mind and mind/brain steps that
terminate, or initiate, penetration of the T / C and C / T interfaces, re-
spectively, remain obscure.  Nonetheless, the details of the other physical and
neurophysiological links in these chains are well enough established in the
preponderance of common situations that a large body of “normal” behavior
has been catalogued.  Those rare cases of information where such linkages
have not yet been identified are regarded as anomalous, and search for the req-
uisite missing links has been pursued under the continuing presumption that it
is this same interface that somehow is being penetrated.  It is this presumption
that our model proposes to challenge.

The stimulation for this challenge has been a re-contemplation of a broad
range of experimental results obtained in the Princeton Engineering Anom-
alies Research (PEAR) program over the last two decades.  While the bulk of
these results have verified the reality, scale, and certain characteristics of the
anomalous effects, a number of experiments specifically configured to en-
hance the operator interactions with the target devices or tasks have displayed
disappointingly small, null, or even negative yields.  In contrast, other designs
in which the feedback was rudimentary or totally absent, or where the tasks
seemed much more difficult or illogical for the operator to accomplish, have
yielded surprisingly strong results.  In still other cases, repetition of identical
experimental designs has yielded anomalous results of varying character, or
none at all.

Before attempting further specification of these correlations, we might re-
mind the reader that the PEAR program has concentrated almost entirely on
two classes of experiments: anomalous human/machine interactions, and re-
mote perception, albeit with many variants of each.  In the former category,
untrained human operators attempt to influence the output of a variety of ran-
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dom event generators (REGs), most of which are electronic in character, but
some also of a mechanical, optical, acoustical, or fluid mechanical nature.(6) In
the latter, similarly unexceptional human “percipients” attempt to acquire sub-
jective or objective information about remote physical targets at which a
human “agent” is stationed, with no known sensory communication channel
available.(7) Given the large reservoir of prior publications detailing many ver-
sions of these experiments,(1, 8) and the desire to keep this article concise, we
shall eschew any detailed review of this prior work, and simply note the partic-
ular evidence in each category that casts doubt on any direct C / T interface
penetration model:

1. Ineffectiveness of Direct Feedback

The early “benchmark” REG experiments that established the reality, acces-
sibility, scale, and primary correlates of our human/machine anomalies pro-
vided the operators with numerical LED displays of their ongoing and com-
pounding achievements.  In an attempt to engage the operators in more
intimate bonds with the machines and their outputs, subsequent versions dis-
played colorful cumulative deviation graphs that developed in real time on
screens of the data acquisition computers.  For many years, these “digital” vs.
“graphic” feedback options were left to operator preference, and while some
individual operator idiosyncrasies were observed, no overall superiority of
one or the other mode was established.  Indeed, a smaller body of data taken
with no feedback at all showed at least as large a composite effect size as that
of either of the visual modes.(9)

This insensitivity to conscious feedback has been underscored by the results
of a large body of “remote” REG experiments, wherein operators stationed up
to global distances away from the laboratory attempt to influence the machine
outputs at pre-arranged times of their operation in the laboratory.  Although no
form of concurrent feedback is available to these remote operators, the overall
effect sizes have been at least as large as those obtained in the “local” experi-
ments, even when the time of operator effort has been different from the time
of machine operation.(10)

Notwithstanding these bemusing first indications of the insensitivity of the
anomalous effects to feedback format, many other techniques to enhance ef-
fect sizes by more engaging visual stimulation have been attempted, with sim-
ilar lack of success.  For example, the first major departure from our use of mi-
croelectronic REGs as target systems utilized a large “Random Mechanical
Cascade” (RMC) device, described in detail in other publications.(1, 11) In the
laboratory-based version of the experiment, the operator is in intimate visual
contact with a flux of many small balls through an array of scattering pegs into
a line of collecting bins, and receives detailed feedback on the temporal devel-
opment of the accumulating bin populations via LED displays.  Despite these
major differences in the physical character of the machine and the form of its
feedback, the overall effect sizes, statistical merits, and many structural as-
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pects of the anomalous output distributions have been found to be quite similar
to, but no larger than, those achieved with the microelectronic devices.  Re-
mote experiments performed using this same device have yielded essentially
similar results.

Several other types of human/machine interactions involving random phys-
ical sources and feedback modalities of electronic, optical, mechanical,
acoustical, and fluid mechanical types also have been explored in a broadcast
search for configurations that would intensify the operator/machine interac-
tions and yield larger effect sizes.  To date, no such configuration has been
found.  A large, colorfully illuminated crystal pendulum on which the opera-
tors attempt to alter damping rate or swing symmetry, although presenting
some interesting internal structure in its database, has yielded no larger bot-
tom-line results, but maintains significant remote effects.(12) An “ArtREG”
experiment, wherein two attractive illustrations compete for dominance of a
computer screen whose pixels are driven by an electronic REG, has shown
weaker overall results than other REG experiments driven by the same sources
but presenting less engaging feedbacks.(13) Various implementations of a
beautifully illuminated fountain, wherein the random element is provided by
the dynamical collapse of the upward jetting water column itself so far have
failed to yield convincingly superior effect sizes.  A Native American drum,
whose random beats are driven by a standard REG has shown little evident or-
ganization of its acoustical output patterns.  And a charming mechanical robot
that is driven around a circular table by its own on-board REG has yielded lit-
tle evidence of greater anomalous response to operator intention than have
more rudimentary incorporations of the same noise source.

2. Indirect Feedback Experiments Yielding Larger Effect Sizes

In contrast to the array of unsuccessful attempts to enhance anomalous ef-
fect sizes via more engaging feedbacks, other experimental designs that intrin-
sically provide less explicit, less attractive, or less immediate feedback, or that
would seem to present more difficult tasks for the human participants, often
have yielded larger anomalous effect sizes.  One example already has been
mentioned, i.e., the persistence, and in some cases amplification, of the anom-
alous effect sizes in the “remote” and “off-time” REG, RMC, and Pendulum
experiments.  A second example appears in the complex of remote perception
experiments where in both “on-time” and “off-time” protocols no direct, con-
temporary feedback is available.  Yet, the overall effect size, digitized via 30-
element descriptor codes, exceeds that of the majority of REG laboratory ex-
periments by two orders of magnitude.(14) But perhaps the most striking
example of this high-yield category would be the spectrum of “FieldREG” ex-
periments, wherein miniaturized electronic REGs are placed unobtrusively in
a variety of group convocation venues such as religious services, sporting
events, musical and theatre performances, business and professional meetings,
clinical therapies, etc.,(15, 16) or are deployed to monitor consequential public
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events on an international scale.(17, 18) Although in most applications the
human participants are unaware of the presence of the device and have no basis
for establishing a state of intention for its output, a strong and persistent corre-
lation of the output with the quality of the particular prevailing group dynamic
has been demonstrated.  Specifically, those group scenarios that are character-
ized by a high degree of shared purpose and enthusiasm, creativity, spiritual
ritual, or other forms of collective resonance, are signaled by anomalous ex-
cursions of the REG outputs that are several times larger than the typical re-
sults of our laboratory-based REG experiments.  In contrast, group venues that
are more pedestrian in character tend to be accompanied by REG traces that
conform anomalously closely to the chance mean values.

3. Effects of Operator Strategy or Personality

Another component of our experience that testifies to the enigmatic nature
of direct feedback influence on operator performance is a body of admittedly
anecdotal evidence relating to the broad range of operator personalities and
experimental styles.  Some are outgoing, ebullient, and light-hearted; others
shy, quiet, and serious; others dour, imposing, and blunt.  Some concentrate
intensely on the experimental task and the feedback; others are much more re-
laxed and detached.  Some cajole the machine; others threaten it; others ignore
it totally, listen to music, or read a book or magazine to achieve a degree of dis-
traction from the task.  While we have attempted no quantitative correlations
of results with these strategic or personality parameters, it does seem clear that
there is little positive correspondence of operator performance with the degree
of conscious attention to the task.  Indeed, some of the largest effects have
been provided by the least attentive operators.

4. Objective versus Subjective Parameters

A more quantitative index bearing on our proposed model has been provid-
ed by numerous attempts to identify the most salient parameters and correlates
of the human/machine anomalies by analysis of variance (ANOVA) tech-
niques.  These invariably have verified ad hoc empirical observations regard-
ing the relative insensitivity of the anomalous phenomena to such technical or
objective parameters as machine type, rate of data generation, size of data
units, spatial or temporal separation of operator from machine, or feedback
modalities.  The parameters which do emerge from such analyses as conse-
quential are much more subjective in character, most notably the operator in-
tention, but also other features of an operator-specific nature, including gen-
der,(19) persistence of effort (serial position),(20) and the effects of co-operator
partners.(6, 21) A similar correlation of degree of success with degree of subjec-
tivity is apparent in the pattern of remote perception results, where the more
impressionistic and generic aspects of the target scenes tend to be more readily
perceived than their objective or specific details, and percipient descriptions



often resort to symbolic terminology.(7, 14) While it is true that conscious mind
processes both objective and subjective information, the tangible physical do-
main, by definition, does not trade in the latter currency.  Hence, the suspicion
arises that the anomalous information routes do not proceed directly from
C to T , or vice versa.

5. Appearance of Structural Anomalies Subordinate to Primary Intention 

In a number of experiments, most notably a huge three-laboratory
“PortREG” replication study conducted recently,(3) the anomalous results have
shifted from direct correlation of the mean shifts with operator intentions, to
an assortment of unsolicited structural aberrations in the database that collec-
tively compound to a similar level of statistical departure from chance expec-
tation.  Since these aberrant sub-correlations were not consciously considered,
let alone desired, by the participating operators or experimenters in any of
these studies, it again would seem that other than conscious mental processes
may be implicated.

II. The Unconscious and the Intangible

From this potpourri of enigmatic evidence, we distill our first radical propo-
sition: the processes of anomalous information acquisition and physical influ-
ence that we seek to understand are not to be found primarily in the conscious
mind and its interactions with the tangible world.  Rather, we must move our
search to the domains of the unconscious and the intangible.  In other words,
our model needs two other modules, which we shall label U and I .  With
reference to Figure 4, we first circumscribe by U those aspects of the human
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308 R. G. Jahn & B. J. Dunne

mind that have been labeled in various contexts and applications as “uncon-
scious,” “subconscious,” “preconscious,” “non-conscious,” or “implicit,” and
to which have been attributed a polyglot variety of functions including efficient
storage of information and past experience; autonomic control of physiological
and cognitive processes; subliminal reactions to stimuli; preparation or confir-
mation of those experiences which register as conscious; instinctive behavior
and insight; protection from trauma and other experiential overloads; altered
states of consciousness; and various extraordinary abilities such as homing,
trailing, or swarm behavior.  An important distinction is made between “proce-
dural” unconscious processes, which encompass a host of benign capacities for
efficient performance of simple physiological and mental tasks outside of con-
scious awareness, and “dynamic” unconscious processes, which are maintained
out of awareness for reasons of psychological conflict, ambivalence, or trauma.
For our present purposes, however, we shall subsume all such capacities and
regimes, along with others to be proposed in this model, under the generic
rubric of an undifferentiated foundation for the conscious mind.

Again we must choose between a materialistic perspective that purports to
base all unconscious processes on complex neurophysiological activity, and a
more impressionistic conceptualization that is more elusive to define.  In either
perspective there is only incomplete intellectual architecture available at this
time, despite the pioneering work of Janet, Freud, Jung, Adler, Ellenberger,
and many others,(22) and the development and application thereof in contem-
porary psychoanalytic and psychotherapeutic theory and practice,(23, 24) as well
as in various forms of “mind-body medicine” and many aspects of cognitive
science research.  Far from achieving comprehensive understanding of uncon-
scious mental functioning, efforts have been focused largely on locating em-
pirical means of access to unconscious processes, and deriving practical impli-
cations of such access for clinical and therapeutic purposes.

Invocation of the unconscious module in and of itself would seem to benefit
our model little, given a lack of empirical evidence or even plausible ideas of
how this domain might share information directly with the tangible physical
world any more effectively than the conscious mind.  It is here that we take
note of a common presumption of contemporary theoretical physics, namely,
that there exists a domain of intangible physical processes that underlies the
tangible world, much as the unconscious mind underlies the conscious.  To
this we add our own radical postulate that this regime enjoys a much more inti-
mate dialogue with the unconscious than does the tangible with the conscious,
and in this form we appropriate it as yet another module, I , of our model (cf.
Figure 5).  

Such a conceptual domain has been postulated in abstract and mystical
terms by natural philosophers over the full history of scientific rumination, but
only recently it has attracted more orderly and analytical attention from a num-
ber of physicists.  This attention has taken many parochial forms, each with its
own peculiar nomenclature, metaphoric imagery, and mathematical tech-



niques, but each grasping for some sub-tangible framework for representation
of an ineffable physical reservoir upon which float the tangible phenomena of
observable physical events, or from which they erupt under appropriate stimu-
lation or conditioned observation.  The catchy titles of these diverse efforts are
splattered throughout contemporary journals of theoretical science: “impli-
cate order;” “ontic description;” “string theories;” “vacuum physics;” “EPR-
entanglement;” “quantum wholeness;” etc. All struggle to capture some
essence of this strange undifferentiated world that William James propounded
in even more florid philosophical terms as the “blooming buzzing confusion,”
or the “aboriginal sensible muchness,” into which consciousness reaches to as-
semble its palpable personal experiences.(25)

Like its tangible counterpart, the composition of this shrouded, intangible
domain comprises the seeds of substance, energy, and information, but now
present in less distinguishable, more abstract forms that lend themselves to
greater fungibility than their tangible counterparts.  In some of the formalisms
this loss of discrimination extends into the metric, as well, where time and
space blur and lose their functional utility.  And at the deepest levels of this
zone, some authors contend, even the distinctions between mind and matter,
between concept and percept, between model and data, dissolve into uncer-
tainty.(26) It is at this level that our own model of mind/matter intersection has
some hope of completing its circuit of logic, but not until we study its inter-
faces in more detail.

III. The Modular Structure and Its Interfaces

Utilizing the four conceptual modules defined above, we now propose to as-
semble them into an architecture of mind/matter interactions like that
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sketched in Figure 6, which allows us to supplement direct modes of informa-
tion exchange between the conscious mind and the tangible physical world by
more circuitous, anomalous routes, which we postulate to proceed either from
T to I to U  to C , or the reverse, covering anomalous information acqui-

sition from the tangible world, or anomalous insertion of information into it
(i.e., anomalous influence upon it), respectively.  For example, given an inten-
tion or desire to affect a physical process or event not normally accessible, it is
proposed that the conscious mental processes surrender the task or goal to un-
conscious processing, which by some means is capable of imparting that inten-
tion to the sub-physical melange of undifferentiated matter/energy/informa-
tion, which in turn can stimulate manifestation of the desired effect into the
tangible regime.  Conversely, if the task is to acquire information from the
physical manifest, the tangible details must dissolve into the sub-tangible for-
mat, whence it is more recognizable by the unconscious mind, which in turn
may percolate its impression upward into conscious realization.

For such a model to secure any theoretical credibility and to provide any
empirically testable hypotheses, we must labor more diligently over its most
salient aspects, namely the interfaces among the four modules.  As a first step
in this refinement, we should concede that none of these interfaces is concep-
tually sharp.  Rather, each entails a vague and diffuse progression of properties
and processes from those of one adjacent zone to those of the other.  To illus-
trate this boundary softening, consider again the “normal” interface between
zones  C and T .  As described briefly in Section I and Figures 3a and 3b, in-

Fig. 6. Modular Model of Mind/Matter Manifestations.



formation flowing from T to C , or vice versa, does not abruptly exchange
itself into local currency at one sharply defined border.  Rather, a sequence of
transformations is involved whereby, in the T ® C case, information re-
garding substantive physical effects is first propagated within T by some
transport process, arriving at some  primary physiological sensors, which then
stimulate local and distributed neurological responses, which in turn configure
brain states, which then, in some poorly understood fashion, stimulate and cor-
relate with subjective conscious experiences.  An inverse scenario prevails for
the reverse information route C ® T .  In both cases, the mind/brain inter-
face remains a “no-man’s-land” of mental/material transition, with even sub-
tler aspects implicit in the recognition that most of the participating physical,
physiological, and mental processes, however objective or subjective they
may be, have been conceptualized, named, defined, and analyzed by the con-
scious human mind.

Similar diffusions prevail within the other three interfaces. Between
C and U , for example, the mind progresses from fully conscious awareness

to complete oblivion via various intermediate states of consciousness that
have less structured or organized conceptual characteristics, e.g., states of au-
tonomic control, subliminal perception, reverie, fantasy, dreaming, repressed
memory, trance, hypnosis, dementia, hallucination, anesthesia, coma, or near-
death experience, most of which do not switch on or off abruptly, but blur into
one another in chaotic, unpredictable, and sometimes phantasmagorical mix-
tures. Some of these states are readily accessible to conscious inspection and
control, e.g., breathing, heartbeat, and other forms of autonomic awareness.
Other states can be broached by meditation, dream analysis, hypnosis, psycho-
analysis, or other forms of therapy.  But many states are more deeply buried,
requiring psychoanalysis or hypnotic intervention to penetrate.  And some, so
far as we now know, are totally impregnable.  The productive negotiation of
the C / U “interface,” therefore, is a complex and delicate task, especially if
the purpose is to achieve some benign unconscious state that can establish vi-
able communication with an amenable level of I in the adjacent sub-physi-
cal quadrant of the house.

The blurring of interface is equally evident on the material side of our mod-
ular structure, where the distinctions between tangible and intangible phenom-
ena already are rather arbitrary, even in the classical physical and biological
representations.  While mechanical processes involving the substances, con-
figurations, motions, and interactions of discrete objects may present the ap-
pearance of unambiguous tangibility to our perceptual and conceptual senses,
once we attempt to represent heat transfer and other thermodynamic effects, or
the phenomena of electricity and magnetism, we inevitably are drawn into
progressively more intangible abstractions of fields and waves.  For example,
while the wave patterns on a violin string or on the surface of the ocean qualify
as tangible in the usual sense, the propagation of sound and light waves in-
volves intrinsically less tangible properties, and when we come to quantum
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mechanics we have lost almost all claim to tangibility, certainly at the level of
the wave function, or state vector, itself, and we are dealing with some form of
potential information to be manifested probabilistically in T .  From this
quantum platform, deeper progress into the intrinsically intangible formula-
tions comprising the module I sub-structure follow along increasingly ab-
struse paths whereon intangibility and uncertainty are not only tolerated but
exploited, and all tangible and specific coordinates ultimately disappear.
Again we might note that this transition also entails a growing transfer of at-
tributed properties from common experiential features to abstract mathemati-
cal concepts and nomenclature imposed by the theorist in the construction of
his particular model and its syntax, and in this sense mental aspects already
have permeated this material domain.

The most crucial interface in our model, that between U and I , is the
least sharply defined.  Indeed, if the contention of several authors regarding
the indistinguishability of mental and physical phenomena at the deepest lev-
els of these two domains is valid, there can remain no interface there at all,
only a pre-distinction continuum bearing only vestigial characteristics of the
Cartesian divide between C and T .  We are proposing that it is this homoge-
neous deepest layer of U and I that provides the tunnel for anomalous pas-
sage of information from the mental side to the material side or vice versa, or
perhaps more aptly, that provides the gestation site for some embryonic “pre-
information” commodity that connects both tangible events and conscious ex-
periences.  Given their common origin, these events and experiences in-

Fig. 7. Correlation of Tangible Events and Conscious Experiences via Subliminal Seeds.
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evitably will display intrinsic correlations, and it is these correlations which
comprise the apparent mind/matter anomalies that bemuse our conscious
minds (cf. Figure 7).

Acknowledgment of the intrinsically diffuse natures of the four interfaces
somewhat compromises the discrete modular character of our basic model and
complicates its topological representation, particularly at its central nexus (cf.
Figure 8a).  An alternative polar geometry could be posed which obviates this
difficulty and offers additional metaphorical options (cf. Figure 8b).  In this
representation, information is conceived to flow through circular sectors,
crossing the distributed interfaces as required for specific tasks.  To further
complicate the imagery, we should also anticipate that even these diffuse or
evanescent interfaces may not be static, but rather dependent on the particulars
of the participating individuals, processes, and environments.  Like the ebb
and flow of the interface of the sea on the shore, what is a conscious experience
on one occasion may be handled subliminally on another; what is a hard phys-
ical event in one context may be less tangibly manifested in another; and, per-
haps most importantly, the extent of mind/matter distinction or merger may be
keenly participant and mood dependent.  None of this blurring or sloshing of
the interfaces, however, compromises their essential function:  they represent
the sites where, via each of their implicit dialogues, material, mental, and
merged realities are established.

IV. The Source

One other fundamental question needs to be posed before our model can be
completed.  Namely, whether the conceptual modules, the interfaces between
them, and the information flow routes and mechanics so far assembled are
epistemologically and ontologically adequate in and of themselves to capture
the essence of experiential reality, or whether they are enhanced and activated
by some external agency that creates, energizes, informs, interrelates, and per-
haps even subsumes all of those components.  Clearly this takes us directly
into the most subjective of all mental experience, that of personal spirituality,
and we intend no advocacy here.  Those readers who regard this dimension as
inappropriate and are content with a secular framework may pass over this
possibility and ponder the implications of the configuration so far assembled.
For others, who acknowledge some transcendental dimension in human expe-
rience, we add a few remarks about the possible role of such a spiritual source
module, and its implications for pragmatic science.

If we take our initial clues from the tenets of most established spiritual tradi-
tions, past and present, the overarching functions of this agency, however
clothed, are nothing less than the creation and oversight of the material and
spiritual universes which it provides for the utilization and celebration of all
living creatures.  One could argue that such a sublime source hardly lends it-
self to encapsulation in a conceptual module, but we shall retain this form of
representation to complete the symbolic architecture of our M5 model.  With



314 R. G. Jahn & B. J. Dunne

Fig. 8b. Modular Structure with Fuzzy Interfaces: Circular Representation.

Fig. 8a. Modular Structure with Fuzzy Interfaces: Rectilinear Representation.



reference to Figure 9, while most of the other characteristics of this domain are
largely ineffable, its modes of interaction with the other conceptual modules
have some established precedents.  Again drawing on the heritage of religious,
spiritual, and mystical practices, these might be catalogued as prayer, medita-
tion, inspiration, revelation, ecstatic union, or divine intervention.  Also com-
monly attributed to this source are the pervasive powers of wisdom, morality,
courage, and love, by which it implements a teleological purpose of spiritual
evolution.

The positioning of this source module S in the architecture of the M5

model is at least as arbitrary as specification of its attributes.  One possibility is
simply to surround the other four modules, in either their rectangular or circu-
lar representations as sketched in Figures 10a and 10b, to emphasize its over-
arching capacity and role.  Alternatively, S could be placed below the U and

I modules, whence it could directly stimulate and supply pre-information
raw material to the deepest levels of these merging domains, somewhat like an
alchemical stove for the vessels resting upon it (Figure 10c).  In yet another con-
ceptualization, it could reside at the center of the circular representation, serv-
ing as a Copernican sun for all of the surrounding sectors (Figure 10d).

Clearly our geometrical metaphors are becoming somewhat strained by this
point, but the relevance of some role for such a source needs to be confronted
and assessed in terms of individual intellectual and spiritual experience.  The
philosophical and scientific literatures are replete with such personal assess-
ments, ranging from categorical rejections by many secularly disposed schol-
ars, to soaring endorsements by others, few more eloquent than those of Albert
Einstein:

The most beautiful and most profound emotion we can experience is the sensation of
the mystical.  It is the sower of all true science.  He to whom this emotion is a stranger,
who can no longer wonder and stand rapt in awe, is as good as dead.  To know that what

Modular Model of Mind/Matter Manifestations (M5) 315

Fig. 9. The Source Module S  .



316 R. G. Jahn & B. J. Dunne

is impenetrable to us really exists, manifesting itself as the highest wisdom and the most
radiant beauty which our dull faculties can comprehend only in their most primitive
forms—this knowledge, this feeling is at the center of true religiousness.

The cosmic religious experience is the strongest and noblest mainspring of scientific
research.(27)

Now, even though the realms of religion and science in themselves are clearly marked
off from each other, nevertheless there exist between the two strong reciprocal relation-
ships and dependencies.  Though religion may be that which determines the goal, it has,
nevertheless, learned from science, in the broadest sense, what means will contribute to
the attainment of the goals it has set up.  But science can only be created by those who
are thoroughly imbued with the aspiration towards truth and understanding.  This
source of feeling, however, springs from the sphere of religion…  The situation may be
expressed by an image: Science without religion is lame, religion without science is
blind.(28)

V. Experimental Implications

Although our modular model has been constructed to be consistent with the
bemusing bodies of empirical data accumulated heretofore in our laboratory
and elsewhere, it can aspire to scientific credibility only if its future applica-
tions lead to more replicable and significant experimental results.  Unfortu-

Fig. 10. Modular Structures with the Source.



nately, given the abstract nature of the components and configurations of the
models, opportunities for such validation are quite limited and elusive to im-
plement, but three categories of exploration suggest themselves.  First, if we
accept the hypothesis that direct and explicit feedback is not supportive of the
requisite operator states for achievement of anomalous mind/matter interac-
tions, and even may be counter-productive in that it locks the process into un-
productive C / T modes, it follows that subtler forms of feedback that dis-
tract the conscious mind from the task and stimulate unconscious involvement
could prove more efficacious.  These might entail relaxing, numinous, or mild-
ly hypnotic visual displays or auditory backgrounds that are not explicitly cou-
pled to the outputs of the experiments, or a more complete absence of sensory
stimulation as employed, for example, in conventional “ganzfeld” experi-
ments.(29) Possibly most ideal would be some format that provides subliminal
stimulation that is related to the operator’s task or employs psychological
“priming” techniques that are known to affect unconscious mental activity.
Whatever the form of such environmental conditioning, the operator would
need to achieve a delicate balance between maintaining some teleological
sense of intention or desire for a particular experimental outcome, while still
surrendering conscious control or responsibility for the achievement of that
goal to the unconscious mind and its deeper resources.  In so doing, the opera-
tor would give up any need for biofeedback-like “How am I doing?” reassur-
ances usually provided in traditional human/machine experiments which, in
this model, are hypothesized to obstruct access to the deeper unconscious, in-
tangible levels of interaction.  A number of new experiments to test this hy-
pothesis currently are underway in our laboratory involving, for example,
major modifications of our existing ArtREG, Fountain, and Drumbeat facili-
ties.  Given the large bodies of data that need to be accumulated before credible
anomalous trends can be discerned above the background random noise, it is
much too early to post even preliminary results, but as these become available,
they will be reported.

Another potentially effective strategy that has been suggested by operator tes-
timony, by some abstract theoretical issues and, quite frankly, by some bald intu-
ition, is to establish a paradoxical environment which inhibits the operator from
focusing on any particular reality.  For example, enigmatic images, like those de-
picted in paradoxical art or utilized in psychological experiments in perception,
could be presented to induce a bifurcated state of consciousness that we have in
other contexts labeled the “space between the bits,” or the “world between the
worlds.”  From such an equivocal state, it is hypothesized that the unconscious
mind may more readily surrender its usual conceptual reality, and merge its
identity more intimately with that of the target device, in somewhat the same
manner that aboriginal people merge their personalities with those of the ani-
mals and other features of their natural environments.  From this state of “inno-
cence” (i.e., not tainted by any preconceptions, prejudices, or consensus reali-
ties), the mind and the machine could establish a new shared reality that would
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manifest as anomalous in both sectors, by our usual criteria.  As one contributor
to this proposition put it, in this bonded state, the mind does not directly query or
instruct its environment; it “dances” with it, each partner sensing and conform-
ing to the other until a new reality resonance is found.

Beyond the provision of more subtle feedback environments and the en-
couragement of operator strategies and attitudes amenable to the circuitous
routes of interaction proposed by the model, some judicious selection of the
random physical source and its implementation within the experimental target
devices also may enhance the desired process of anomalous information flow.
Specifically, if the properties and functions of the T / I interface so far pro-
posed and discussed further in the following sections are at all valid, it follows
that physical target systems entailing complex or chaotic processes, strong
non-linearities, quantum physical domains and entanglements, or any other
processes embodying high degrees of dynamical uncertainty would offer the
greatest possibilities for dialogue with the corresponding mental states.  His-
torically, these were not the targets of choice in the earliest mind/matter exper-
iments.  Zener cards, dice, and other simple mechanical devices simply did not
qualify by these criteria, and it was not until the advent of electronic or ra-
dioactive REGs a few decades ago that one could address systematically the
experimental efforts to truly complex sources.  Here, probably as much by
blind luck as by cogent design, processes deeply rooted in quantum uncertain-
ty underlay the tangible data streams, and more credible and replicable results
could be produced.  Whether the growing contemporary understanding and
implementations of yet more complex and indeterminate physical systems, at
both the microscopic and macroscopic levels, offer options for greater reso-
nance with the even more complex and indeterminate human mind is yet to be
established, but surely should be pursued.

VI. Theoretical Implications

Our current understanding and modes of representation of the regimes of ex-
perience represented in modules C and T and, to a lesser degree, by the
upper portions of U and I and their communications with C and T ,
while imperfect, probably are adequate to support this stage of our conceptual
pursuit of the M5 model.  The more crucial regime for further theoretical de-
velopment and refinement is that where the deepest-lying levels of the uncon-
scious mental and intangible physical sectors merge into some autonomous,
holistic amalgam where, in the words of Fred Hoyle, “mind and matter
meld.”(30) It is a misty world of innumerable abstract variables, where space
and time have not yet been defined, let alone distinguished, where information
waits to be born, and where all of our common material and mental metaphors
fail.  It is the “unus mundus” of Carl Jung, from which emerged his family of
archetypes and their associated experiential synchronicities.  It is the “ultimate
reality” of Bernard d’Espagnat; the “causa sui” of Baruch Spinoza; the “pre-
established harmony” of Gottfried Leibniz; the “unbroken symmetry” of Eu-



gene Wigner and his successors.  Into this region plunge from one side the
most phantasmagoric experiences of human consciousness, and from the other
the most abstract mathematical formalisms constructed by human conscious-
ness, both groping in the dark for some coherent validity, some mutually con-
sistent reification of their disparate semantics.

It is not our purpose here to attempt any detailed review or critical assess-
ment of either of these two mixing epistemological streams.  What is more crit-
ically needed is some ontological grasp, however imperfect, of the properties
of their merged state.  In this regard, we have found most stimulating the work
of Harald Atmanspacher and his colleagues which has endeavored to display
the essential unity between the conceptual representations of depth psycholo-
gy and those of quantum physics, in a somewhat similar tone to that first dis-
played by Jung and Pauli.(31) In his cogent and courageous article entitled
“Mind and Matter as Asymptotically Disjoint, Inequivalent Representations
with Broken Time-Reversal Symmetry,”(32) Atmanspacher provides a compre-
hensive review and reference list of pertinent philosophical, psychological,
and physical attention to this topic, and introduces the provocative possibility
that the emergence of separate regimes of mind and matter from their underly-
ing automorphic domain might be associated with the breaking of the time-re-
versal symmetry that prevails in this distinction-free zone.  Upon emergence
into the more sharply defined epistemic sectors, the future-directed temporal
dynamics would, as usual, represent the causal, deterministic evolution of ma-
terial states from initial conditions.  The mathematically equivalent backward-
going representations, conventionally disregarded in natural science applica-
tions, then would be available for characterization of the evolution of mental
states that are teleologically responsive to some “final causation.”  If such an
interpretation is valid, it re-opens the door to a full complementarity of mind
and matter in the establishment of reality, wherein expressed physical events
self-consistently follow the local dynamical laws our conscious minds have
devised for them, but some form of consciousness-based teleological influ-
ence, perhaps utilizing the intrinsic uncertainties inherent in those physical
processes, may steer the grand pattern of such events toward purposeful goals.

The dichotomy of causality vs. free will has long been a major fiber in the
fabrics of philosophy, religion, and science, and persists in its academic be-
musement to this day.  Among the patriarchs of quantum science, rumination
on this puzzle was widespread, and so pertinent and stimulating to our task as
to merit serious reconsideration in this context.  The excerpts that follow are
included not so much to provide authoritative support as to illustrate the par-
ticular foci of their authors’ interests in this issue that are pertinent to our pro-
posed applications of M5 (our italics):

Planck:

How can the independence of human volition be harmonized with the fact that we are
integral parts of a universe which is subject to the rigid order of nature’s laws?… 
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At first sight these two aspects of human existence seem to be logically irreconcil-
able.  On the one hand we have the fact that natural phenomena invariably occur ac-
cording to the rigid sequence of cause and effect…. But, on the other hand, we have our
most direct and intimate source of knowledge, which is the human consciousness,
telling us that in the last resort our thought and volition are not subject to this causal
order….  The principle of causation is either universally applicable or it is not.  If not,
where do we draw the line, and why should one part of creation be subject to a law that
of its nature seems universal, and another part be exempted from that law?…

Once we have decided that the law of causality is by no means a necessary element in
the process of human thought, we have made a mental clearance for the approach to the
question of its validity in the world of reality.(33)

Bohr:

…the impossibility in introspection of sharply distinguishing between subject and ob-
ject as is essential to the ideal of causality would seem to provide the natural play for
the feeling of free will.(34)

With regard to this, however, it must not be forgotten that, in associating the psychical
and physical aspects of existence, we are concerned with a special relationship of com-
plementarity which it is not possible thoroughly to understand by one-sided application
either of physical or of psychological laws.  In consideration of the general lessons we
have learned from the atomic theory, it would also seem likely that only a renunciation
in this respect will enable us to comprehend…that harmony which is experienced as
free will and analyzed in terms of causality.(35)

Heisenberg:

We could ask whether the aim to be reached, the possibility to be realized, may not in-
fluence the course of events.  If we do that, we are almost back with quantum theory.
For the wave function represents a possibility and not an actual event.  In other words,
the kind of accident which plays so important a role in Darwinian theory may be some-
thing very much subtler than we think, and this precisely because it agrees with the laws
of quantum mechanics.(36)

Pauli:

The “unconscious” itself has a certain analogy with the “field” in physics, and both
are brought into the realm of the irrepresentable (Unanschauliche) and paradoxical
through a problem of observation.  In physics however we do not speak of self-repro-
ducing “archetypes,” but of “statistical laws of nature involving primary probabilities;”
but both formulations meet in their tendency to extend the old narrower idea of
“causality (determinism)” to a more general form of “connections” in nature, a con-
clusion to which the psycho-physical problem also points.  This way of looking at
things leads me to expect that the further development of the ideas of the unconscious
will not take place within the narrow framework of their therapeutic applications, but
will be determined by their assimilation to the main stream of natural science as applied
to vital phenomena.(37)



Schrödinger:

To my view the “statistical theory of time” has an even stronger bearing on the philoso-
phy of time than the theory of relativity.  The latter, however revolutionary, leaves un-
touched the unidirectional flow to time, which it presupposes, while the statistical theo-
ry constructs it from the order of the events.  This means a liberation from the tyranny
of old Chronos.  What we in our minds construct ourselves cannot, so I feel, have dicta-
torial power over our mind, neither the power of bringing it to the fore nor the power of
annihilating it.  But some of you, I am sure, will call this mysticism.  So with all due ac-
knowledgement to the fact that physical theory is at all times relative, in that it depends
on certain basic assumptions, we may, or so I believe, assert that physical theory in its
present state strongly suggests the indestructibility of Mind by Time.(38)

The only possible inference from these two facts is, I think, that I—I in the widest
meaning of the word, that is to say, every conscious mind that has ever said or felt “I”—
am the person, if any, who controls the “motion of the atoms” according to the Laws of
Nature.(39)

Jeans:

…the indeterminacy does not reside in objective nature, but only in our subjective in-
terpretation of nature….  

Essentially the same solution was propounded by Clerk Maxwell.  The course of a
railway train is uniquely prescribed for it at most points of its journey by the rails on
which it runs.  Here and there, however, it comes to a junction at which alternative
courses are open to it, and it may be turned on to one or the other by the quite negligible
expenditure of energy involved in moving the points.  Maxwell thought that the human
body might come to similar junctions, at which it could be turned into one course or an-
other by the action of the mind, without any expenditure of mechanical energy—the
body is the train, the mind is the points-man.  The indeterminacy of atomic motions has
seemed to many to provide just the kind of junction, and possibly also of points, that
Maxwell needed.

This may suggest a possible way in which mind can act on matter, but it leaves the
deeper problem of freedom of choice untouched. …

Again we can hardly say that the new physics justifies any new conclusions on de-
terminism, causality or free-will, but we can say that the argument for determinism is in
some respects less compelling than it seemed to be fifty years ago.  There appears to be
a case for reopening the whole question as soon as anyone can discover how to do so.(40)

In Atmanspacher’s approach we now glimpse a possible basis for analytical
pursuit of these heretofore intuitive convictions.  The task ahead is to develop
this into testable predictions, and to devise rigorous experiments to validate or
falsify them.

VII. Model Summary and Applications

Our purpose has been to suggest a fresh conceptual model of the relation be-
tween the human mind and its material environment that can comfortably ac-
commodate those empirically established forms of information exchange that
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appear anomalous within the prevailing theoretical paradigms.  From this pro-
posed perspective, insights are sought that may enable more effective and in-
structive experimental designs, and eventually some pragmatic applications of
these inherently elusive, but potentially powerful phenomena.  The first
premise of this model has been that further attempts at direct penetration of the
Cartesian interface between the universe of tangible physical events and the
realm of conscious mental experience will not be productive, and possibly
even may be counter-productive, for this purpose.  Rather, mind and matter
each must first dissemble into their less explicit and focused forms, i.e., the un-
conscious and the intangible, to degrees where the traditional coordinates of
conscious experience and tangible events lose their utility, and a holistic merg-
er of their purviews obtains.  This ultimate, autonomous reality then serves as
a common subliminal origin or seed from which can emerge coupled physical
events and conscious experiences whose correlations exceed prevailing episte-
mological expectations (cf. Figure 7).

An attractive possibility for the theoretical representation of this correlated
emergence process is the invocation of the traditionally rejected negative time
branches of the dynamical physical relations for application to the mental
modules, in parallel to the usual positive time versions for the material formu-
lations.  In other words, whereas the fully expressed physical branches would
continue to conform to a future-directed evolution from prescribed initial
states (within the established limits of their microscopic and macroscopic un-
certainties), the mental branch would be imbued with the capacity for some
teleological response to a final goal, e.g., to a desire or need or intention (with-
in the functional limits of uncertainty available to it).  To activate this capaci-
ty, it presumably would be necessary to bias those intrinsic uncertainties of the
composite mind/matter systems so that their conscious, tangible crystalliza-
tions embodied, however slightly, these teleological influences.  This biasing
of elemental probabilities actually has some empirical support deriving from
analyses of the count distributions that comprise the outputs of several of our
earlier mind/matter experiments.(41)

To illustrate the proposition in our most familiar context, the interaction of
a human operator with an electronic REG, let us suggest the following sce-
nario:  The machine is designed and calibrated to produce, in the absence of
operator involvement, a randomly alternating sequence of binary digits that
compound into combinatorial distributions having a well-established mean,
but a broad variance expressive of the intrinsic uncertainty in the outcome of
any given bit sample.  In unattended operation (e.g., calibration), the elemen-
tal binary probability of bit outcome, as determined by the quantum physics of
the noise source and its subsequent electronic processing, remains at its 50/50
design ratio, and the accumulating distribution mean hovers close to N/2,
where N is the total number of samples, with a distribution variance of N/4.
When the operator first engages the machine by expressing an intention or de-
sire for its subsequent performance, e.g., “high,” “low,” or “baseline,” this is



recorded in the data manager as an objective experimental parameter, but it
also stands henceforth as the subjective teleological driver of the mental side
of the emergent mind/matter bifurcation.  For this reverse causality to con-
tribute to the evolution of the bonded system, however, certain attitudinal
caveats appear to be relevant.  Specifically, several of our most prolific and ef-
fective operators testify to the efficacy of surrendering conscious control of, or
investment in, the target process, and submitting rather to a state of detached
indifference or ambivalence to its outcome, perhaps similar to that prevailing
objectively in the physics of the machine.  In this regard, we might note that
since the very concepts of “uncertainty” and “probability,” including their ob-
jective observation, inescapably entail subjective features, it may be that only
within such a bonded state of uncertainty can the elemental binary probabili-
ties be biased, and thereby the subjective goals become objectively manifest-
ed.  In short, the mind of the operator needs to enter a “fuzzy” state—call it
meditation, dream, trance, altered, unconscious—where conceptual bound-
aries blur, categories fail, space and time evaporate, and uncertainty prevails.
The experimental ambience therefore should be conducive to such surrender
of precise focus, and the operator’s personality should be amenable to it.  Note
that in this merged dynamic, the initial conditions prevailing for the emergent
material branch of the bonded system and the teleological conditions prevail-
ing for the mental branch are playing fully complementary roles of equivalent
importance: the former, as it were, pushing the system onward from the past,
the latter drawing it forward into the future, so that its course acknowledges
both its heritage and its destiny.

Applications of M5 to other forms of consciousness-related anomalies fol-
low similar conceptual logic, with appropriate acknowledgment of the direc-
tion and scale of the information fluxes.  With respect to the remote perception
effects mentioned earlier, for example, we are dealing with an acquisition of
information about module T by module C , rather than an insertion of in-
formation into T by C .  Thus, we now must think in terms of the physical
information about the target scene being diffused into its underlying intangible
composition, whence it may interact with, and exert some formative influence
upon, the intermingling elements of the unconscious mind of the percipient,
who then constructs therefrom a conscious impression and subsequent de-
scription of the scene.  Considering the critical role of uncertainty in this trans-
mutation of information, we would expect that those features of the scene that
intrinsically entail the least precision of specification, i.e., the most general-
ized and impressionistic aspects, should survive this gauntlet better than fea-
tures that require sharper definition.  As already mentioned, our experience
with various analytical scoring techniques based on alphabets of target de-
scriptors is generally consistent with this expectation.(14)

So far as techniques and ambience to enhance such a process are concerned,
we again are led to favor strategies that disengage the conscious mind, yet
stimulate unconscious connection with the task.  In this regard, the role of the
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human agent who is stationed at the target site, and presumably immersed in
that experience, is probably relevant in some way to the percipient’s uncon-
scious information search.  Whether this is primarily a telepathic process, per
se, or whether the agent is serving as a beacon or focus for the percipient’s
clairvoyance has not been definitively resolved by the experiments, although
limited success with protocols wherein the human agent is replaced by map co-
ordinates, functional designations, or other directives that guide the focus of
the percipient to the target, would seem to favor the latter.  In any case, the
model proposes that some merging or blurring of the identities of these three
components—target, agent/locator, and percipient—is requisite to the effect.

Speaking of telepathy and clairvoyance, the extensions of the model to
these generic categories of anomalous phenomena also seem reasonably evi-
dent.  For the former, we simply posit two adjacent mental structures, each
with its own conscious and unconscious stratifications leading downward to a
common reservoir, reminiscent of Jung’s “collective unconscious,” through
which fuzzy information may flow in either direction.  Representation of direct
clairvoyance would be similar to that of remote perception, with the notable
exception that many anecdotal examples of this phenomena appear to be spon-
taneous, i.e., not elicited by conscious intention, but frequently are stimulated
by severe emotional factors, thereby extending identification of a teleological
driver beyond conscious, into unconscious, intentionality.  We shall address
this point in the context of the FieldREG application that follows.

The model also lends itself to representation of various alternative healing
modalities such as therapeutic touch, remote diagnosis and healing, and prayer
therapy, where in each case some emotional engagement with the patient is de-
ployed to stimulate beneficial cellular or systemic physiological responses, or
even to acupuncture and homeopathy, where stimulation of rather abstract, es-
sentially intangible physiological information paths or processes appears to
yield a variety of demonstrable clinical benefits.  Again, the premise would be
that these tangible changes arise as material consequences of more subtle re-
arrangements in the relevant intangible substructures, themselves responsive
to the unconscious imposition of the desires of the healers and the patients, via
the intrinsic uncertainties prevailing in both sectors.

Application of M5 to our FieldREG experiments, which were part of its orig-
inal motivation, presents both a confirmation and a complication.  On the one
hand, these results provide strong evidence for anomalous REG output in the
absence of any direct feedback.  Indeed, in most situations the participants are
unaware of the presence of the device.  On the other hand, we now have lost
the primary correlate of all of the other human/machine experiments, namely
the pre-stated intentions of the operators.  So while it is clear that the box is re-
sponding to some mental property of the group, it is less clear what collective
property that may be.  More specifically, it again is not obvious what here is
the teleological driver.  As mentioned in Section I, our FieldREG database di-
vides sharply between those venues we (pre-) characterize as “resonant” or



“creative,” where the composite chi-squared deviations of the data signifi-
cantly exceed chance expectation, and those of the more pedestrian remainder,
where the chi-squared results deviate significantly less than would be expect-
ed by chance.  But these group characteristics bear no evident relevance to the
functioning of the REG electronics; the participants are not attempting, con-
sciously or unconsciously, to produce higher or lower bit counts.  Whatever
the intentions or desires may be, they are (a) unrelated to the electrodynamics
of the circuit, and (b) largely unconscious.

The concept of unconscious or “non-conscious” intentionality has some
sound empirical support from contemporary psychological research,(24, 42, 43, 44)

and it may be that such an influence also is functioning here.  Over the multi-
varied FieldREG applications there would seem to be only one such uncon-
scious common denominator:  a propensity to organize, cohere, create, or res-
onate emotionally as a group (or a lack thereof).  And remarkable as it may
appear, it may be this mental property that impresses itself, at some deep phys-
ical level, on the technical performance of the noise and sampling circuit,
yielding correspondingly higher, or lower, bit scores in its output.  (In this re-
gard, it is useful to recall that the only technical distinction between pure
chance REG outputs and anomalous outputs is a slight ordering or imbalancing
of the bit stream, which again would be consistent with a slight alteration of
the elemental binary probabilities of the bits themselves.)  Thus, it appears
that the same unconscious drive toward organization that pervades the human
assembly here may be manifesting also in the physical electronics, this homo-
geneity again utilizing the intrinsic uncertainties available in each of those
otherwise disparate venues.  Hence, the REG appears to be functioning as a
sensor of the degree of coherence or resonance in the group environment or, if
you prefer, as a detector of a “probability-distortion field.”

In this FieldREG context particularly, but in the other experimental applica-
tions as well, it is not unfair to question what role the experimenter, i.e., the
person tending the device or analyzing the data it yields, may play in condi-
tioning its observed responses.  As mentioned earlier, our model, although ad-
vocating a dominant role for the unconscious mind, by no means excludes
conscious mental processing from the party.  Rather, that sector clearly must
retain the function of localizing the teleological goal to a specific venue, situa-
tion, or purpose, at various levels.  For example, in the standard REG experi-
ments the operator consciously commits to attempting to influence a particular
electronic device to deviate from chance behavior in the form of particular
correlations between the output bit distributions and the pre-stated high, low,
or baseline goals.  But overlaid on this is the somewhat more implicit intention
of the experimenter to establish equipment, protocol, and analyses that
demonstrate these anomalous correlations.  Both of these levels of intention or
desire must somehow focus the emergence of the event/experience couple
from the otherwise undifferentiated reservoir of subliminal seeds, to the par-
ticular mind/matter manifestations addressed.
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In the remote perception experiments, such conscious teleological localiza-
tion is imposed not only by the percipient, who desires to describe a particular
target defined by the presence of the agent or by some other criterion, but also
by the agent, who has direct conscious access to the target and who also is
mindful of the percipient’s effort.  And again, the experimenter who designs
and oversees the protocol and the data processing may add to the teleological
specification.  In the FieldREG experiments, as just noted, the intentions of
the group participants are much more subtle and indirect, but the role of the
experimenter, if anything, is more central.  It is he who selects the particular
group venue, deploys the REG therein, and analyzes the data, again with the
hope of acquiring anomalous results.  In the other applications mentioned, this
localization or specification can be achieved in other ways, of course, such as
by the intrusion of a particular environmental or emotional situation, but how-
ever established, the prevailing ambience of desire it engenders may be an im-
portant component of the teleological driver of the eventual experimental ef-
fects.

Returning to the other possible applications of the model, it is tempting to
extend these beyond laboratory-based evidence into such intractable and awe-
some major anomalies as poltergeist phenomena, efficacious prayer, miracles,
and even survival of bodily death, but in these areas we must proceed very cau-
tiously, for many technical and professional reasons.  In passing, we simply
might note that one of the few well-established features of poltergeist appear-
ances is the central presence of a severely repressed individual, usually a
young person forced by social circumstance, personality, or illness into recur-
ring states of intense emotional stress that, in this model, might engender ex-
ceptionally vigorous dialogue with, and distortion of, the adjacent physical
substrate, which then transmits the burden of expression of this mental tor-
ment into the tangible material domain.(45)

The ubiquitous religious practices of intercessory prayer also lend them-
selves to similar applications of the model.  Whether directed toward improve-
ment of the physical, emotional, spiritual, or circumstantial welfare of oneself
or of others, such pertinent ingredients as strong desire, abdication thereof to
unconscious processing, denial of personal benefit, resonant emotional bond-
ing, and uncertainties in both the mental and material sides of the interactions
frequently are in place.  Indeed, the common liturgical invocations of “faith,”
“hope,” “love,” and the establishment of mystical contexts for worship all have
their metaphorical secular counterparts in the model.  Similarly, the putative
miracles of many religious traditions and cultural legends could be represent-
ed as substantial reconfigurations of physical reality that erupted from the
depths of the intangible, when triggered by some intense human need or social
crisis.

The ultimate application of such a conceptual model, of course, would be to
the most pervasive of human concerns, the survival of bodily death, which we
broach here with only the highest reverence and deepest trepidation, and only



for those who can concede a scholarly interest in the topic.  We know that as
the physical corpus approaches its demise, it passes, either gradually or
abruptly, through progressively deeper stages of unconsciousness into some
realm from which little tangible evidence emerges.  With the possible excep-
tions of neurophysiological recordings of comatose patients or the testimonies
of near-death experiencers, we hold precious little evidence to define such a
state, but it is not inconsistent with our model to suggest that this may be the
most propitious mental regime of all from which to instigate major reconfigu-
rations of physical, and in this case biological, reality by the means we have
suggested.  In the rare cases of apparent reincarnation, for example, we may be
observing an incomplete metamorphosis of the unconscious mind of a dying
individual into a new mortal configuration.(46) In the more common prepon-
derance of deaths, however, the process could be hypothesized to terminate in
a totally different embodiment that is essentially inaccessible to mortal obser-
vation, but nonetheless retains some aspects of its identity in its radically new
environment.  The properties and parameters of this new environment are, by
definition, beyond our conscious comprehension, but it seems unlikely that
our human constructs of space and time, and the distinction between mind and
matter, will remain salient.
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Abstract—A supplement to the M5 model of mind/matter interactions( 1 ) is
proposed wherein the subliminal seed space that undergirds tangible reality
and conscious experience is characterized by an array of complex vectors
whose components embody the pre-objective and pre-subjective aspects of
their interactions. Elementary algebraic arguments then predict that the de-
gree of anomalous correlation between the emergent conscious experiences
and the corresponding tangible events depends only on the alignment of these
interacting vectors, i.e., on the correspondence of the ratios of their individual
‘‘hard’’ and ‘‘soft’’ coordinates. This in turn suggests a subconscious align-
ment strategy based on strong need, desire, or shared purpose that is consis-
tent with empirical experience. More sophisticated versions of the model
could readily be pursued, but the essence of the correlation process seems ru-
dimentary.

Keywords: Consciousness-related anomalies — engineering anomalies —
human/machine anomalies — mind/matter interactions — models
of mind/matter interactions — remote perception

Background

The M5 model provided us with a conceptual architecture whereby anomalous
mind/matter interactions could be accommodated via circuitous routes of in-
formation processing that involved the unconscious mind and intangible phys-
ical processes (cf. Fig. 1)(1 ). In particular, it implicated the deepest portions of
these domains as an holistic, or undifferentiated regime in which mental and
material aspects could not be distinguished, per se, but wherein dwelled sub-
liminal ‘‘seeds’’ of pre-information, from which material events and corre-
sponding mental experiences could emerge (cf. Fig. 2). No attempt was made,
however, to propose any conceptual format or mechanics for the subliminal
seed region that would allow it to germinate anomalous mind/matter correla-
tions, other than to suggest that a directed intention or volition might be im-
posed on such emergence processes via a ‘‘backwards causality’’ or teleology
that utilized negative-time branches of the physical formalisms. The purpose
of this note is to sketch an analytical metaphor that could accommodate both
normal and anomalous emergence effects.
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Assumptions and Formats

We begin by restating the M5 presumption that every element or complex
of reality that emerges from the seed region manifests both as an event/situa-
tion/state in the material domain, and as a corresponding experience/impres-
sion/perception in the mental domain. What is at issue now, however, is how
such seeds may configure and interact in their own regime to acquire the ca-
pacity for such manifestation as a plethora of normal, and anomalous, mind/
matter displays. In this extension of the model, our first proposition is that
some interaction of two or more such seed elements or complexes is a requi-
site stimulus for such palpable manifestations. Next, we propose that if the in-
teraction is ‘‘linear,’’ in the sense that ‰S1Š ‡ ‰S2Š ˆ ‰S1 ‡ S2Š, where ‰ Š
denotes a given form of representation of the seed manifestations, the ensuing
event/experience dyads will be ‘‘normal.’’ If they are ‘‘non-linear,’’ i.e., if
‰S1Š ‡ ‰S2Š 6ˆ ‰S1 ‡ S2Š, they will be ‘‘anomalous,’’ by the usual definitions.

Fig. 1. Normal and anomalous routes of information transfer in the modular model of mind/
matter manifestations (M5 )(1 ). C® denotes all conscious mental processes; U® denotes all
unconscious processes; T® comprises all tangible, i.e., observable, physical events; I®
subsumes all intrinsically unobservable processes undergirding tangible reality. (The ar-
rows on this and the following figure, and the associated sequential vocabulary in the
text, do not necessarily imply temporal or spatial relations, per se, but rather suggest an
implicit conceptual hierarchy.)
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For these cases, various mathematical and schematic non-linear interactions
may then be explored for their metaphoric appeal.

To pursue such representations, we must first make reference to some expe-
riential concepts drawn from the conscious mental and tangible physical do-
mains C® and T®. In particular, we stipulate that all states of conscious mind
and of material reality can be assigned two primary categories of descriptors
which, for lack of better terms, we shall label ‘‘objective’’ and ‘‘subjective,’’
or simply ‘‘hard’’ and ‘‘soft.’’ Table 1 contains a lengthy list of possible pairs
of such descriptors, none of which is completely adequate, but the ensemble
of which captures some of the essence of this division(2 ). Although these des-
ignations can only be expressed in upper-level nomenclature, i.e., in the vo-
cabulary of modules C® and T®, nonetheless, as we conceptually proceed
downward through the underlying, less palpable U® and I® domains, we pre-
sume that some aspects of these must persist, even into the undifferentiated
lowest level, although there they become progressively more difficult to speci-
fy or articulate. What is essential to our purpose, however, is that at any level
these categories be regarded as orthogonal and complementary, in the usual
physical and mathematical senses, and as fully comprehensive to triangulate

Fig. 2. Correlation of tangible events and conscious experiences emergent from subliminal
seeds(1 ).
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all objective and subjective mental experience, in the usual psychological,
philosophical, and spiritual senses of those terms. It is then presumed that if
we appropriate and pursue some established mathematical formalism for rep-
resenting such components and their interactions, the analytical results may
retain some metaphoric relevance for the emergence of anomalous mind/mat-
ter manifestations.

As a simple format to illustrate this proposition, let us represent all seeds
of potential information resident in the unified lowest level of U®/ I® by com-
plex quantities, utilizing either the usual rectilinear or polar notations, as
sketched in Fig. 3:

S ˆ s ‡ ir ˆ Sei / …1†
where S ˆ

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒ
s2 ‡ r 2

p
and tan / ˆ

r

s :

It is tempting to presume that the orthogonal designators s and r somehow em-
body the ‘‘pre-material’’ and ‘‘pre-mental’’ aspects of the seeds, respectively,
but this is probably too direct and simplistic an assignment. More likely, they
presage the ‘‘hard’’ and ‘‘soft’’ discriminations just proposed, but again, in an
ineffable, pre-emergent form that pertains to both the material and mental paths.
Hence, it is next necessary to specify a functional assembly of such representa-
tions that does denote the palpable material or mental properties associated with
any such item or system of items, as denoted by ‰ Š above. Here we shall take
our hint from quantum wave mechanics, where the enduring presumption has
been that it is the product of the complex quantity with its conjugate,
S¤ ˆ s i r ˆ Se i/ , that represents its probability of observation, i.e.,

‰SŠ ˆ SS¤ ˆ s2 ‡ r
2 ˆ S2 …2†

For our purposes, we might generalize this to represent a ‘‘probability of ex-

TABLE 1
Subliminal Seed-Space Coordinates—Possible Conjugate Pairs

Adjectives Nouns

‘‘Hard’’ ‘‘Soft’’ ‘‘Hard’’ ‘‘Soft’’

objective Á! subjective substance Á! tone
rational Á! emotional doing Á! being

analytical Á! aesthetic knowing Á! feeling
pragmatic Á! passionate intellect Á! intuition

sharp Á! diffuse implementation Á! conception
detailed Á! holistic situation Á! sensation
rigorous Á! flexible diagram Á! impression

deterministic Á! probabilistic function Á! form
masculine Á! feminine words Á! music
particulate Á! wavelike yang Á! yin
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perience.’’ Note that in either coordinate representation ‰SŠ is the square of the
length of the vector radiating from the origin to the seed state location in the
complex plane. Note also that although this and subsequent illustrations utilize
only the first quadrant of the s; i r space, negative values of either coordinate
can be accommodated in the vector algebra.

Seed Interactions

Let us now consider the interaction of two (or more) such seed states, still
of course in the undifferentiated regime. Label them S1 and S2, and presume
that the interaction can be represented as an addition process, S12 ˆ S1 ‡ S2,
where S12 now represents their interacting or bonded state (cf. Fig. 4). In the
rectangular frame,

S12 ˆ S1 ‡ S2 ˆ …s1 ‡ i r 1† ‡ …s2 ‡ i r 2† ˆ …s1 ‡ s2† ‡ i… r 1 ‡ r 2† …3†

whose conjugate product is

S12S¤
12 ˆ …s1 ‡ s2†2 ‡ … r 1 ‡ r 2†2

ˆ s2
1 ‡ 2s1s2 ‡ s2

2 ‡ r
2
1 ‡ 2 r 1 r 2 ‡ r

2
2 ˆ S2

12

…4†

Fig. 3. Representation of a subliminal seed by a vector in the complex plane, having rectilinear
coordinates s and ir , or polar coordinates S and / .
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which, when compared to the sum of the conjugate products of S1 and S2:

S1S¤
1 ‡ S2S¤

2 ˆ s2
1 ‡ r

2
1 ‡ s2

2 ‡ r
2
21 ˆ S2

1 ‡ S2
2 …5†

differs by two terms, i.e.,

S2
12 …S2

1 ‡ S2
2† ˆ 2…s1s2 ‡ r 1 r 2† ˆ d 12 …6†

It is this disparity, d 12, introduced in the vector combination of the two seeds,
that we shall presume represents the palpable anomalies of the interaction that
manifest in C® and T®. (Later we shall attempt to interpret these generaliza-
tions in more specific contexts, such as our human/machine interaction and
remote perception experiments.)

The situation perhaps can be better visualized in the polar frame, where

S1 ˆ S1e
i/ 1 …7a†

S1S¤
1 ˆ S2

1 …7b†
S2 ˆ S2e

i/ 2 …7c†
S2S¤

2 ˆ S2
2 …7d†

Fig. 4. Complex vector representation of the interaction of two subliminal seeds, S12 S1 S2.
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S12 ˆ S1e
i/ 1 ‡ S2e

i/ 2 …7e†
S12S¤

12 ˆ S2
12e

i / 12 …7f†

and / 1; / 2, and / 12 are phase angles, such that

/ 12 ˆ tan 1 S1 sin / 1 ‡ S2 sin / 2

S1 cos / 1 ‡ S2 cos / 2

£ ¤
…7g†

To evaluate S2
12, utilize the law of cosines:

S2
12 ˆ S2

1 ‡ S2
2 ‡ 2S1S2 cos… / 2 / 1† …8†

so that the difference between S2
12 and …S2

1 ‡ S2
2† falls out by comparison:

S2
12 …S2

1 ‡ S2
2† ˆ 2S1S2 cos… / 2 / 1† ˆ d 12 …9†

where we shall henceforth denote / 2 / 1 as / , noting that it is not the
same as / 12. Rather, it is the phase difference between the vectors S1 and S2

which, along with their absolute magnitudes, S1 and S2, determines the scale
of the anomalous term, d 12. ‰We may confirm the equivalence of the rectilin-
ear and polar expressions for d 12 via the trigonometric equality:

cos… / 2 / 1† ˆ cos / 2 cos / 1 ‡ sin / 2 sin / 1:Š

If one wishes a dimensionless normalization that captures the relative im-
portance of the anomaly, in either the rectilinear or polar form, one might
simply invoke as denominator the ‘‘linear’’ sum of the separate ‘‘experien-
tials,’’ S2

1 ‡ S2
2, i.e.,

^dd 12 ˆ
2…s1s2 ‡ r 1 r 2†

S2
1 ‡ S2

2

ˆ
2S1S2 cos /

S2
1 ‡ S2

2

…10†

or conversely,

ŜS 2
12 ˆ S2

12

S2
1 ‡ S2

2

ˆ 1 ‡ ^dd 12 …11†

In the polar form, d 12 ˆ 2S1S2 cos / , the importance of phase correla-
tions between the systems S1 and S2 in determining the scale of the anoma-
lous term is particularly explicit. Consider the special cases where S1 and S2
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are parallel, anti-parallel, and perpendicular, respectively (cf. Fig. 5 and Table
2). We may generalize this vector algebra to conclude that if S1 and S2 align
at a relative phase angle / 90 , (or 270 ), the anomalous term d 12 will
be positive; if 90 / 270 , it will be negative. Only for / ˆ 90 or
270 will d 12 disappear, and the compound of S2

1 and S2
2 be linear.

Therefore, if the palpable experience/event dyad devolving from the seed
interaction S12 is identified with the conjugate product …S12S¤

12†, it follows
that for given magnitudes of S1 and S2, this will display no single value of
S12, but rather a distribution of values ranging from …S1 ‡ S2†2 to S1 S2j j2,
depending on the phase alignment of the two subliminal systems. Only at

/ ˆ 90 or 270 will this coincide with the linear combination of the sepa-
rate system values, S2

1 ‡ S2
2. For example, if we simply assume that over

many such S12 interactions / will distribute uniformly over 0--360 , d 12 will
distribute as the cosine function, whose mean value is clearly zero, and hence
the mean value of S2

12 reverts to S2
1 ‡ S2

2 (cf. Fig. 6). All of this we might as-
sociate with a ‘‘normal’’ statistical behavior. If, however, any distortion or
bias is introduced into the alignment function, / , this will be reflected in a
non-zero mean of d 12 and a different mean value of S2

12, which we may then
associate with an anomaly. In this view, the common laws of probability
(which are intrinsically experiential), would simply reflect the normally pre-
vailing random distributions of / , whereas the appearances of statistical
anomalies in any interaction would devolve solely from a biasing, volitionally
or otherwise, of those / distributions. (The situation is thus somewhat simi-
lar to atomic-scale scattering phenomena where the differential cross sections

Fig. 5. Three special cases of alignment of two interacting seed vectors (cf. Table 2).

TABLE 2
Seed Vector Summations

/ S2
12 d 12 / 12 ŜS 2

12

S1jjS2 : 0 …S1 ‡ S2†2 2S1S2 / 1 …S1 ‡ S2†2
.

…S2
1 ‡ S

2
2†

S1jj S2 : 180 S1 S2†2¥¥ ¥¥ 2S1S2 / 1 or / 2 S1 S2j j2
.

…S2
1 ‡ S2

2†

S1?S2 : 90 S2
1 ‡ S2

2 0 / 1 ‡ tan 1…S1=S2† 1
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derive solely from the phase shifts of the incoming de Broglie waves as they
pass over the potential profile of the scattering particle.)

The mechanisms for such individual and collective biasing of the / dis-
tribution in any interaction context are inescapably speculative and obscure,
given that all of this must function in the subliminal domain to which the
entire metaphor pertains. However, if we reflect on common allusions of our
experimental operators and percipients to ‘‘getting in phase/resonance with...
(any given device, task, or person),’’ a conceptual recipe could be suggested.
Recalling that the rectangular and polar geometries are related by simple trig-
onometric relations, e.g.,

ei / ˆ cos / ‡ i sin / …12a†
s ˆ S cos / …12b†
r ˆ S sin / …12c†

tan / ˆ
r

s …12d†

it follows that the phase angles simply reflect the prevailing ratios of the ‘‘soft’’
to the ‘‘hard’’ components of the systems involved. Thus, an increase in the
anomalous effect by better alignment of / 1 with / 2 could be achieved by a cor-

Fig. 6. Interactions of two seed vectors, randomly aligned.
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responding balancing of the ratio of r 1=s1 to that of r 2=s2. That is, the respec-
tive characters of the two seed elements, as expressed in the relative importance
of their soft vs. hard features, should bear as much similarity as possible.

At some point we would like to specify what portion of the anomalous
effect appears in the ‘‘hard’’ and ‘‘soft’’ coordinates of the bonded S12 system,
respectively. Given the abstract definitions of s and r in the pre-emergent
domain, we have no guarantee how they will manifest in the palpable upper
regions of the bonded system, but since, for the ‘‘normal’’ composition,
S2

12 ˆ S2
1 ‡ S2

2 ˆ s2
1 ‡ s2

2 ‡ r
2
1 ‡ r

2
2, whereas all anomalous compositions add

the terms 2s1s2 ‡ 2 r 1 r 2, it may not be unreasonable to suggest that the prod-
uct 2s1s2 is somehow associated with the ‘‘hard’’ segment of the anomalous
effect and 2 r 1 r 2 with the ‘‘soft’’ segment, where again we could normalize
both of these by the ‘‘normal’’ sums s2

1 ‡ s2
2 and r

2
1 ‡ r

2
2, respectively.

Alternatively, we might argue that since we originally assigned
S12S¤

12 ˆ S2
12 the role of representing the palpable properties of the bonded

system, and that only the objective features are strictly measurable, all of the
anomalous component, d 12 ˆ 2 s1s2 ‡ r 1 r 2… † must appear in that category.
Either way, the prediction is that the anomalous behavior of the bonded sys-
tem is enhanced by optimizing the products s1s2 and/or r 1 r 2, which is again
tantamount to optimal alignment of the vectors S1 and S2, but also to balanc-
ing their magnitudes, since the normalized ratio 2s1s2

¦
s2
1 ‡ s2

2
§ ¨

has its maxi-
mum at s1 ˆ s2.

We recognize that our representation of the subliminal seed systems by
single vectors in the complex plane must be extremely over-simplified, but
several levels of complication discourage attempts at elaboration. Even setting
aside the intrinsic ineffability of this seed domain and the vagueness, prolifer-
ation, and inherent difficulties in specification, let alone quantification, of the
possible hard and soft features listed in Table 1, even in the palpable domains
C® and T®, we would still need to acknowledge the personal, temporal and
contextual variabilities, probabilities, and uncertainties that must embellish
each of these property sets in any quadrant of the mind/matter space. None-
theless, the essence of their complementarity and the anomalous effects that
may devolve from it could, in principle, survive even these ponderous gener-
alizations. Again taking a metaphoric example from quantum wave mechan-
ics, we could imagine designating complex wave functions, rather than mere
points in the complex plane, to represent the interacting seeds in more com-
prehensive formats, but still regarding their complex products as representa-
tive of their experiential manifestations, much like the traditional Schr dinger
formalism. Yet more sophisticated quantum algebraic formats could conceiv-
ably be turned to the task, so long as they offered the requisite capacities for
non-linear interactions.

Also to be questioned is whether other interaction recipes beyond the simple
addition S12 ˆ S1 ‡ S2 could profitably be explored. The obvious next candi-
date would be the multiplicative combination, S12 ˆ S1S2, but in Appendix I we
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show that this does not generate similar non-linearities. Also, the possibility
could be raised that a similar vector representation could be imposed at the C®/
T® level of mind/matter interactions, without invoking the subtleties of the sub-
liminal seed regime. As sketched in Appendix II, this too offers little additional
insight.

Applications, Interpretations, and Implications

If this metaphorical musing is to have any pragmatic benefit, it needs to
provide some advances in the design, operation, and interpretation of our pan-
orama of mind/matter experiments. To to so requires more specific assign-
ments of the salient elements of the schematic model to those of particular
experimental interactions. For example, for our benchmark REG studies(3), we
need some specification of the pertinent ‘‘soft’’ and ‘‘hard’’ characteristics of
the two interacting participants, in this case the machine and the operator,
even before transforming them into the subliminal seed phase space. Since
this lower regime is inherently ineffable except by abstract associations with
perceptible T® and C® characteristics, it seems that our only route is first to
identify such features at these manifest levels, and then assume that they are
isomorphically related to, or rooted in, corresponding components at the seed
level. Thus, presuming that each operator brings to the interaction with the
REG device some balance of hard and soft characteristics of the sort listed in
Table 1, some seminal aspects of which exist in the subliminal level, we can
pose two corresponding seed components, so and r o, whose absolute and rela-
tive importance define a vector So of magnitude So and phase / o in the seed
space. Similarly, if we assume that the machine, in addition to its evident
technical features, possesses a certain subjective character of its own, we can
also posit for its seed-level representation two corresponding hard and soft co-
ordinates, sm and r m, comprising the complex vector Sm ˆ Smei/ m . (This
anthropomorphic assumption is of course intrinsically unverifiable, but we
might reflect on the attributes of personality, purpose, and compatibility we
commonly ascribe to our computers, appliances, and automobiles in our daily
interactions with them. We might also concede that our assessment of the sub-
jective features of the human operators is similarly indirect, largely derived
from behavioral characteristics displayed in our interactions with them. In the
same sense, the experimental machines, by their external appearances, the na-
ture of their feedback displays, the noise they emit, and the manner in which
they respond to our initiatives, likewise convey certain subjective characters
with which the operator may resonate, or possibly even identify.)

Now, if over a given period of interaction the vectors So and Sm align ran-
domly in terms of their / o vs: / m orientations, the resulting palpable appear-
ance of their interaction, S2

om, will display a ‘‘normal’’ distribution centered
on S2

o ‡ S2
m, where S2

o and S2
m could be identified as the individual character-

istics of the operator and machine, respectively, in the absence of that interac-

M*: Vector Representation of the Subliminal Seed Regime of M5 351



tion, as might be determined by calibration, conventional theoretical chance
calculations, or more subjective criteria. If, however, the operator can achieve
some subliminal phase resonance with the machine, the relative phase angle
distribution would shift toward a better alignment of the seed vectors So and
Sm, so that the mean value of the S2

om distribution would shift to a higher val-
ue; conversely, if the alignment distribution were to worsen, the S2

om experi-
ential mean would be reduced below the ‘‘normal’’ value, i.e., using our
earlier notation scheme,

S2
om ˆ S2

o ‡ S2
m ‡ d om

where d om again represents the anomalous component of the interaction. Note
that in the first interpretation suggested in the previous section, d om must sub-
sume not only the change in the output count distribution of the machine, but
also any changes in the mental state of the operator that arise in the interac-
tion, such as the frequently reported feelings of ‘‘resonance,’’ identification, or
transference of experience with the machine. In the alternative interpretation,
these subjective properties would be excluded from d om because of their lack
of quantitative measurability.

Application of the model to our PRP experiments(4 ) could proceed in much
the same fashion, with the possible complication that the relative importance
of the percipient’s resonance with the agent, vis- -vis that with the target, per
se, has never been totally clarified empirically. If the latter predominates, the
argument could proceed much as above, with the target characteristics replac-
ing those of the machine, and the resulting anomalous manifestations S2

pt and
d

2
pt representing the anomalous information acquisition, and possibly the al-

tered mental state of the percipient. If the primary phase resonance is with the
agent, the formalism could be similarly cast, but the relative magnitudes of
the prevailing soft and hard components of the two seed vectors could be
quite different. Nonetheless, the broadening of applications from mind/matter
interactions into anomalous interpersonal interactions seems straightforward.

For either of these genres of application, however, it remains to suggest a
recipe for incorporation of the teleological intentions of the human partici-
pants into the interaction dynamics. That is, how does the primary empirical
correlate of the anomalous effects, namely the pre-stated, conscious intention
of the operator to achieve greater (high intention) or lesser (low intention)
numbers of binary coincidences in the output data strings of the REG, or the
intention of the percipient to acquire greater than chance degrees of informa-
tion about details of the remote physical target, impress itself upon the sub-
liminal alignment process? Elusive as it may be to specify, the most likely
possibility is that it is the human desire or need that drives this alignment;
desire or need that can be consciously expressed in tangible terms, but that is
inevitably imbued with emotional overtones that can readily impregnate the
seed region of the unconscious mind, wherefrom they can condition the mani-
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fest mental experience and, in this model, the material behavior as well. It is
this ‘‘wind’’ or ‘‘field’’ of desire, prevailing over the full conscious and uncon-
scious scope of the interactions, that may align the subliminal vectors, like
seabirds on the beach or dipoles in a dielectric, and thereby bias the tangible
results.

When we turn to the FieldREG applications(5 ), any tangible correlate of
conscious operator intention appears to be replaced by some less specific in-
dex of cohesiveness, coherence, or resonance of the prevailing group environ-
ment (note the objective/subjective duality of these descriptors). But rather
than weakening our teleological hypothesis, these experiments actually
strengthen and extend it, in the sense that here the desire or need already
resides primarily in the unconscious or subliminal minds of the participants,
e.g., in their communal purpose or goal which serves to align their individual
vectors with one another, and with them, apparently, the sensing REG unit.

In our first proposition of the M5 model(1 ), we timorously suggested a fifth
module, termed ‘‘the Source’’ S®. How the ‘‘wishing wind’’ of need, hope, or
purpose just proposed as the explicit and implicit organizing factor of mind/
matter or mind/mind interactions relates to, or derives from, this Source we
leave to the individual reader to consider. We might only note in passing that
by any terminology, in any religion or culture, and in any context of meaning,
the primary premise of prayer, or of wishing in general, is the invocation of
some superior power to align events and experiences into configurations of
our preference.

Summary

The salient presumptions and consequent predictions of this schematic sup-
plement to the M5 model of mind/matter interactions have been drawn from a
variety of empirical results of our laboratory program; informal testimony of
our operators, experimenters, and analysts; logical extensions and evolutions of
prior theoretical efforts; and a certain amount of intuitive rumination, namely:

1. Every conscious experience, and every tangible physical event, can be
characterized by two orthogonal properties, arrays of properties, or func-
tional spaces, one of which subsumes its objectively identifiable fea-
tures, the other its subjective, impressionistic features.

2. These complementary representations are isomorphically rooted in two
corresponding but ineffable properties pertinent to the undifferentiated
subliminal seed domain proposed in the M5 model, wherein they func-
tion as orthogonal coordinates of an appropriate phase space, labeled
s and r in rectilinear notation, and S and / in polar notation, respec-
tively.

3. Any element of this subliminal space may be specified by a complex
vector S ˆ s ‡ ir ˆ Sei/ .
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4. The palpable (tangible, conscious) manifestations of this subliminal seed
may be represented by the product of S with its complex conjugate,
S¤ ˆ s i r ˆ Se i / , i.e., by SS¤ ˆ S2, where S is the magnitude of the
complex vector.

5. The interaction of any two seed elements may be represented by the
complex vector summation S12 ˆ S1 ‡ S2, and its palpable manifesta-
tion by S12S¤

12 ˆ S2
12.

6. Elementary complex algebra then predicts that in general S2
12 6ˆ S2

1‡S2
2,

i.e., that anomalous effects may appear in the palpable manifestations of
the seed interactions, depending for their relative magnitudes on the
phase alignments of the two interacting vectors:

d 12 ˆ S2
12 S2

1 ‡ S2
2

§ ¨
ˆ 2 s1s2 ‡ r 1 r 2… † ˆ 2S1S2 cos / 12

where / 12 ˆ / 1 / 2:

7. The key to larger anomalous effects thus resides in better alignment and
balancing of the two interacting complex seed vectors, i.e., in the
matching of their respective ‘‘hard’’ and ‘‘soft’’ components.

8. This alignment is driven by personal or interpersonal need or desire per-
tinent to the prevailing context or meaning of the palpable situation, but
resident in the subliminal psyche.

9. The implications for experimental strategy to achieve larger anomalous
effects, consistent with those suggested by the M5 model, are for the hu-
man participants first to establish a stated conscious goal and a basis for
resonance with that target, then by some personal technique to release
these into their unconscious minds. They then must rely on the inherent
capacity for information sharing that prevails between the unconscious
mind and the pre-emergent physical dynamics to acknowledge and im-
plement their subliminal desire.

10. All of this must proceed within the multi-statistical nature and conse-
quent essential uncertainties of the composite process, which can be
poisoned by intrusive attempts to examine or specify internal objective
or subjective aspects prior to their mature external emergence.

In summary, the essence of this M* model is that any traffic of information
between the mental and material domains that flows via the deepest regions
of unconscious mind and intangible matter enjoys a degree of freedom not
available to more direct routes between conscious mentation and tangible
substance. It is a flexibility borne on the inherent unobservability and con-
comitant uncertainty and indistinguishability of this seed regime, which neces-
sitates an added conceptual and corresponding analytical step in the
establishment of palpable reality, namely the bifurcating eruption of the sub-
liminal seeds into the domains of mental experiences and corresponding phys-
ical events, as represented in this model by the conjugated vector products.
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Like the legendary magical watchmaker who disappears into his private back-
room to work his technical wonders, leaving his customers out front simply to
state their desires and to marvel at his products, we can only hypothesize, but
never directly observe, the esoteric transformations that go on in that forbid-
den space. Indeed, any attempts to make such observations inevitably polarize
the processes into premature tangible events and conscious experiences that
preclude further anomalous manifestations of the interactions(4).

Our model therefore is purely epistemological, and primitive at best. It
attempts to symbolize these wonders of creation by crude line diagrams,
abstract mathematical operations, and strained linguistic metaphors, which
merely provide some conceptual vocabulary and self-consistent algebraic rela-
tions. But at the end of the day, it lacks any ontological authority, other than to
suggest that both objective and subjective strains of information permeate all
levels of mind/matter interaction, that mind and matter are themselves episte-
mological distinctions that fade as one approaches the ontological heart of exis-
tence, and that the most basic and ubiquitous of evolutionary drivers, those of
need or desire or purpose, can extend their teleological influence even to this
depth.
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Appendix I: Multiplicative Model of Seed Interactions

The question is whether representation of the compound seed system as a
product rather than as a sum of its two elements would also provide a similar
capacity to generate an anomalous cross-term, i.e., whether

S1S2‰ Š ˆ S1‰ Š S2‰ Š …A1†

would yield a disparity in its experientials. Performing the complex algebra,

S1S2 ˆ …s1 ‡ i r 1†…s2 ‡ i r 2† ˆ …s1s2 r 1 r 2† ‡ i…s1 r 2 ‡ s2 r 1† …A2†
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which has as conjugate

…S1S2†¤ ˆ …s1s2 r 1 r 2† i…s1 r 2 ‡ s2 r 1† …A3†

and hence a conjugate product:

…S1S2†…S1S2†¤ ˆ …s1s2 r 1 r 2†2 ‡ …s1 r 2 ‡ s2 r 1†2

ˆ s2
1s

2
2 ‡ r

2
1 r

2
2 2s1s2 r 1 r 2 ‡ s2

1 r
2
2 ‡ s2

2 r
2
1

‡ 2s1s2 r 1 r 2 …A4†

whereas the product of the individual conjugate products

…S1S¤
1†…S2S¤

2† ˆ …s2
1 ‡ r

2
1†…s2

2 ‡ r
2
2† ˆ s2

1s
2
2 ‡ r

2
1 r

2
2 ‡ s2

1 r
2
2 ‡ s2

2 r
2
1; …A5†

which is identical. Hence, there is no disparity to accommodate an anomalous
effect.

Likewise, in polar form

S1S¤
1 ˆ S2

1 …A6a†

S2S¤
2 ˆ S2

2 …A6b†

whereas

…S1S2†…S1S2†¤ ˆ S1S2e
i…/ 1‡ / 2†§ ¨

S1S2e
i… / 1‡ / 2†§ ¨

ˆ …S1S2†2 …A6c†

i.e.,

…S1S¤
1†…S2S¤

2† ˆ …S1S2†…S1S2†¤ …A7†

Again, the multiplicative superposition is distributive, and produces no anom-
alous cross terms, insofar as its experiential product is concerned.

Appendix II: Vector Representation of C®/ T® Interactions

While similar vector representations of mind/matter interactions at the con-
scious, tangible level may be cast, they intrinsically lack the capacity to ac-
commodate anomalous effects. Let any tangible physical event be represented
by a vector T, having (real) components t and s , embodying the ‘‘hard’’ and
‘‘soft’’ aspects of the event, respectively. Let any conscious experience be rep-
resented by a vector C, with ‘‘hard’’ and ‘‘soft’’ components c and c . Presume
that the event/experience dyad of any matter/mind interaction can be denoted
by the summation vector E ˆ C ‡ T, having components t ‡ c… † and s ‡ c… †
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(cf. Fig. A-1). Since in the C® and T® domains all components are by defini-
tion real, there is no need to form conjugate squares to represent experiential
quantities. Rather we need only note that the ‘‘hard’’ and ‘‘soft’’ components
each compound linearly, i.e.,

Eh ˆ Th ‡ Ch ˆ t ‡ c

Es ˆ Ts ‡ Cs ˆ s ‡ c

and hence there is no capacity for representing anomalies in either dimension
of these interactions.
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Abstract—Systems exhibiting relationshipsbetween mental states and material
states, briefly mind-matter systems, offer epistemological and methodological
problems exceeding those of systems involving mental states or material states
alone. Some of these problems can be addressed by proceeding from standard
first-order approaches to more sophisticated second-order approaches. These
can illuminate questions of reference and validity, and their ramifications for
the topic of reproducibility. For various situations in complex systems it is
shown that second-order approaches need to be employed. Considering mind-
matter systems as generalized complex systems provides some guidelines for
analyzing the problem of reproducibility in such systems from a novel
perspective.

Keywords: complexity—meaning—mind-matter systems—reproducibility—
second-order thinking

1. Introduction

In a fundamental philosophical sense, the very idea of reproducibility derives
from the presumption of ontically given, invariant, ordered structures of nature.
In contrast to sense data or introspective data, these structures are assumed to be
of universal character. Insofar as their epistemic manifestations are essentially
governed by their ontic, invariant origin, any proper acquisition of empirical
knowledge (perception, observation, or measurement) about those manifestations
should reveal the same aspects of the ontic order. As a consequence, it should be
possible to reproduce, at least in principle, manifestations indicative of the same
invariant order that are independent of where, when, or by whom the perception,
observation, or measurement is carried out.

Given the importance of the concept of reproducibility and the extensive use
of the term in the literature, it is astonishing how rarely the term is precisely
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defined. In many texts, it is more or less assumed that the reader knows what
reproducibility is, so it is not easy to find comprehensive or exhaustive charac-
terizations. A compact general account of some basic features of reproducibility
is presented in the German Enzyklopädie Philosophie und Wissenschaftstheorie
(Tetens, 1995):

Reproducibility means that the process of establishing a fact, or the conditions under
which the same fact can be observed, is repeatable. A fact F2 is a repetition of a fact F1 if
only a few designators in the description of F1 must be replaced to obtain a description of
F2. Therefore it makes sense to speak of the reproducibility of a fact only relative to an
explicitly formulated description.

The requirement of reproducibility is one of the basic methodological standards for all
sciences claiming lawlike knowledge about their domain of reference. In particular,
reproducibility is an inevitable requirement for experiments in the natural sciences: each
experiment must be repeatable at any time and at any place by any informed experi-
mentalist in such a way that the experiment takes the same course under the same initial
and boundary conditions. The reproducibility of an experiment in the natural sciences
includes the reproducibility of experimental setups and measuring instruments . . ..

While the requirement of reproducibility is largely uncontroversial in physics,
chemistry, and biology, the possibility of reproducible experiments in behavioral science,
psychology, and cultural science is questionable. The reason is that in experiments about
the behavior and action of human beings the test persons know that an experiment is
repeated. This reflexive knowledge changes the initial and boundary conditions of the
original experiment in a way which is essential for its outcome. As a consequence, the
original experiment cannot be repeated under the same initial and boundary conditions.

The commonly agreed primacy of reproducibility as a pillar of scientific
methodology was explicitly challenged by Popper (1965). His main point of
criticism was due to a switch of perspective from ahistoric, time-independent
knowledge to historically evolving knowledge which crucially depends on the
time at which it is acquired. While it most often turns out to be inconsequential
to disregard historicity in the natural sciences, its consideration is obviously
crucial in many problems of psychological and cultural areas of research.

Therefore it is not astonishing that the main body of literature on repro-
ducibility is found in behavioral science, psychology, and cultural science,
where the notion of replicability is often used instead of reproducibility. Some
key monographs in these respects are Sidman (1960), Cronbach (1983), and
Krathwohl (1985). Specific questions of reproducibility in psychological
research have been addressed by Lykken (1968) and Smith (1970).1

The quoted characterization of reproducibility addresses a number of crucial
issues such as the significance of a theoretical framework (description), the
domain of referents, the role of initial and boundary conditions, and different
variants of reproducibility in different sciences. These issues are discussed in
some detail in Section 2. The epistemological framework for this discussion
is based on the Cartesian roots of modern science, leading to the distinction
between first-order and second-order schemes of thinking.

In Section 3, the general notions of Section 2 are applied to the field of com-
plex systems. Concepts of second-order complexity are related to particular
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information theoretical concepts (3.1). Non-stationarity and non-ergodicity are
described as typical features of complex systems. Large deviations statistics is
suggested as a potential formal framework to deal with such features from a
second-order point of view (3.2).

Section 4 extends the approach to complex mind-matter systems, i.e., systems
whose description is assumed to require both a mental and a material component
to be complete.2 In this respect, the concepts of meaning and complexity can be
understood to refer to mental and material domains, respectively, in a comple-
mentary manner (4.1). Several candidates for second-order features of such sys-
tems are presented and briefly discussed with respect to their reproducibility(4.2).

Section 5 contains a summary and conclusions.

2. Epistemological Remarks

2.1. First-Order and Second-Order Frameworks

All contemporary sciences share some basic characteristics with respect to
their epistemological structure and methodological rules. Generally speaking,
they are all based on the fundamental distinction between two domains: some
kind of description and its set of referents. Although one can argue about the
status of these domains as well as about the distinction itself, it is hard to
imagine any serious scientific body of knowledge not embedded within such
a scheme.

The specific appearance of the two domains depends on the particular science
considered. In the natural sciences, more or less formalized kinds of description
are desirable, denoted as theories or models. The set of referents, to which these
theories and models refer, typically is a subset of elements of the material world.
The historical roots of this framework go back to Descartes’ distinction of res
cogitans, thinking substance, and res extensa, extended substance. While the
first is the domain of non-material theories and models, the second is the domain
of their material referents.3

In the social sciences and the humanities, modes of descriptions are usually
less formalized, largely due to the more complicated structure and function of
most of their referents. Moreover, these referents are not restricted to elements
of the material world. In fact, most of the concepts and models of those scientific
areas refer to mental, psychological, categorial, conceptual and other elements
belonging to the non-material domain of res cogitans. In such a situation, it is
essential to distinguish between two subsets or levels of elements of the non-
material domain, if one wants to avoid problems of self-reference.4

If models and conceptions are supposed to be more general than their
referents, they are to be located at an upper, second level of description, hence
the designation ‘‘second-order’’ description. A description is of second order if
its set of referents includes another, first-order description.5 In more detail,
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a second-order model or theory (sometimes also called meta-model or meta-
theory) refers to second-order facts or data which usually include a first-order
framework consisting of a first-order model, first-order data, and their mutual
relationship. (Key elements of the reference structure of second-order
approaches will be explicated in Section 2.2.) In principle, yet higher-order
frameworks are conceivable as well, but we do neither discuss them nor the
associated problem of infinite regress in this article.

Natural sciences do not meet problems of self-reference as long as they do not
reflect their epistemological status explicitly. Under this condition, it is entirely
sufficient to work with first-order approaches. However, there are examples
for which the mentioned condition is not satisfied. In other words, there are
situations in which a particular mode of description refers to elements of both
the non-material and the material domain. A striking example, which will be
discussed in Section 3, is the study of complex systems. Moreover, it will be
argued that the study of conscious and unconscious aspects of mind-matter
systems requires that similar considerations be taken into account.

In the study of complex systems, it has become increasingly clear that the
complexity of a system cannot be defined without explicitly referring to the
intentionsor purposes to be realized by such a definition.This implies that defini-
tions of complexity are not context-free. Among other issues, the concept of
meaning becomes crucial in this respect. This situation is particularly interesting
insofar as it evolved from within the physical sciences. It represents an example
where explicit considerations of epistemological issues arise in specific physical
problems.

In the study of mind-matter systems, it is clear that the mind-brain system
cannot be understood without considering both non-material mental states and
material brain states together. This is the arena in which sciences such as
neuropsychology and neurophysiology meet. The corresponding problem of
psychophysiological relations can be extended to mind-body relations and, more
generally, to mind-matter relations beyond the boundaries set by individual
living beings, e.g., particular aspects of their collective behavior.

All these examples presume that an appropriate material system (e.g., a central
nervous system or brain) is a necessary condition for a functioningmental system.
Relaxing this condition leads to broader questions of consciousness, e.g., ques-
tions as to the existence of ‘‘mentality’’ independent of a material body, or, from
a different perspective, questions as to the relationship between mental and
material systems which are not ‘‘bound together’’ within an individual living
being. This broad scope pertains to the psychophysical problem or mind-matter
problem in its most general sense. Particular aspects of this will be discussed in
Section 4.2.

Since in both the study of complexity and of consciousness, including mind-
matter research in its most general sense, models are required to refer to both
material and non-material elements, they are paradigmatic cases for the neces-
sity of second-order descriptions. It is obvious that this necessity can complicate
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the standard scientific methodology considerably. In the following, some of
the ramifications implied by these complications will be discussed.

2.2. Reference

Standard, first-order approaches usually operate with clear-cut reference
relations between elements of a model or theory and elements of the system to
be described. Each theoretical term in a physical theory is defined in such a way
that it refers as uniquely as possible to an equivalence class of elements of the
material world. To give some oversimplified examples, the laws of classical
mechanics refer to the behavior of solid bodies, the laws of hydrodynamics refer
to the behavior of liquids, the laws of electrodynamics refer to the behavior of
substances with electric and magnetic properties, and so on.

It is important to realize that the reference relations themselves cannot be
explicitly investigated in terms of first-order approaches. Second-order
approaches are needed to provide a reference structure more sophisticated than
that of first-order approaches. In principle, the entire framework of first-order
approaches can become the referent of a second-order approach. This is to say
that a first-order model plus its first-order referent(s) plus the relation between the
two can become the second-order referent of a second-order model (see Figure 1).

Although suggestive, it is not a triviality that first-order models and first-order
referents can be decomposed with respect to each other. It is possible that the
relation between them is of such a kind that, for particular issues, it is even illegiti-
mate to conceive them as decomposable. This possible difficulty notwithstand-
ing, the success of scientific practice seems to indicate that such a decomposition
is at least very useful in many situations. The methodology of sciences such as
physics, for instance, relies essentially on the assumption that first-order models
and their first-order referents can be decomposed.

Based on this assumption, two special cases can be distinguished for second-
order models. One of them deals with models about first-order models, such as
in large parts of the social sciences and humanities. Epistemology is an example
of a discipline in which knowledge about the tools for gaining knowledge is
developed. The other, simpler case addresses models about first-order referents,
such as in the natural sciences. Here, second-order models can typically be con-
densed into first-order models. As far as complexity is concerned, this will be
discussed in detail below (Section 3). Such special cases are also conceivable
for the study of certain aspects of consciousness.

Second-order models allow us to consider the relations between first-order
models and their referents as a referent of second order. If the decomposability
of first-order models and their referents cannot be presupposed or is question-
able, i.e., in holistic approaches, this option is of vital significance. After all,
second-order approaches introduce a major extension of scientific modeling,
and along with this a distinct shift of perspective. Before discussing this in
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more detail (Sections 2.3, 2.4), three short examples may serve to illustrate the
basic idea.

° The relation between first-order models and their referents is crucial for
any process of scientific discovery. Although the rational reconstruction
of a first-order model and its application usually disregards this process
retrospectively, the psychology of scientific discovery (and, more gener-
ally, of creativity) cannot dispense with it. The aspects of interpretation
and understanding of a first-order model depend in large part on its rela-
tion to its referents. Typical questions of a second-order framework in this
respect would be: Why is there a relation between mental categories (i.e.,
theoretical terms) and material referents (i.e., empirical facts)? Why is this
relation not entirely arbitrary? How is it constituted? By contrast, first-
order frameworks presuppose that such a relation exists and use it to answer
questions referring to the structure and behavior of systems in the material
world.

° A bit more specific is the problem of relationships between mental states of
a mind and material states of a brain. In another terminology, this is phrased

Fig. 1. Schematic illustration of second-order (meta-) models and their relations with first-order
(conventional) models and their first-order referents.
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in terms of so-called neural correlates of consciousness. Interestingly, a
major part of current neuroscientific research focuses on specifying partic-
ular correlates of this kind. The problem of what constitutes the correlations
is mostly ignored, rarely stated, hardly addressed, and absolutely un-
solved.This situationis remarkablesince the terminologyof neuralcorrelates
would indicate consideration of the relation between mind and brain in a
second-order sense. Actual research questions, however, refer more or less
to first-order referents of first-order neurobiological models.

° In computer science and automata theory, frameworks of second order
abound insofar as the key to almost everything in this field is the relation
between hardware and software. This example is especially interesting
since it refers to an area of investigation which is not only conceptually
important but also of high practical relevance. Electronic chips and their
elements (hardware) serve to implement algorithms (software) extremely
efficiently. In this way, relations between hardware and software at a
first-order level are established by sophisticated engineering tools. The
engineer, however, is lost without a second-order perspective. For instance,
developing a computing architecture means to determine beforehand which
relations between hardware and software are required to design any in-
tended devices for a specified purpose. Needless to say, this applies as well
if human engineers are replaced by AI systems.

2.3. Validity

The issue of reference is of crucial importance for the validity of a model. In
order to check whether a model is valid, e.g., is correct in a particular domain to
be specified, the predicted behavior of some system due to the model has to be
compared with the actual behavior of that system to which the prediction refers.
At a first-order level, this is the core of the mutual relation between theory and
experiment as it is properly applied in traditional areas of science. If theoretical
predictions are correct, corresponding experiments provide results consistent
with the predictions and thus confirm the theory. If theoretical predictions are
incorrect, corresponding experiments provide results inconsistent with the pre-
dictions and thus disconfirm the theory and lead to its rejection or revision.

Although there are many complications to this brief and rough characterization
if one looksat concrete situationsof scientificpractice in detail, this is a fair overall
characterization for first-order frameworks. Considering second-order frame-
works, the scenario becomes more involveddue to the more complicated structure
of reference relations. An experiment in the sense of a second-order framework
deals with more than first-order referents of first-order models.6 Second-order
referents are in principle the entire complex of first-order models plus first-order
referents plus their mutual relation with each other (compare again Figure 1).

As a consequence, a second-order model cannot be disconfirmed by first-
order referents alone, except in cases where second-order referents can be shown
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to be reducible to first-order referents. In all non-trivial second-order situations
this will not be possible. Hence, an experiment in the sense of a second-order
framework is markedly different from a conventional first-order experiment. It
has to include mental referents (e.g., psychological states) in addition to material
referents (e.g., physical states), and, ideally, it should even include some explicit
reference with respect to the relations between the two.

In non-trivial second-order situations, experiments must be designed in such
a way that the more or less intricate relation between first-order models and their
referents is properly taken into account. In general, this means that an experi-
mental result capable of confirming or disconfirming a second-order model de-
rives from a sophisticated combination of first-order models and their first-order
referents. Only such a sophisticated combination as a whole can be a referent of a
second-order model. Specific examples will be discussed below.

One can easily see how misleading an attempt to use first-order experiments
to check the correctness of second-order models can be. Let us use two examples
of the preceding subsection to demonstrate this. Consider a mind-matter system
with correlated mental and material states. A second-order model would start
with referring to such a system as a whole, and then proceed to its separate
mental and material properties and their interrelations. Only in such a way
would it be possible to address the issue of mind-matter correlations explicitly.
Trying to confirm or disconfirm such a second-order model by first-order ex-
perimental results would amount to using material properties alone, e.g., the
behavior of a particular neuron assembly, to check the correctness of the second-
order model. The inappropriateness of such an approach is obvious.

It would be similarly inappropriate to try to check the validity of a proper
implementation of a computing architecture by checking whether the transistors
in the chips operate properly. Of course, the operation of transistors is a neces-
sary precondition for the functioningof the computer, but it does not say anything
about the proper operation of hardware and software together.

2.4. Reproducibility

Checking the validityof a model or a theory requires empirical results which are
reliable. The reliability of a result clearly depends on whether it is a singular
(chance) event or it can be reproduced under appropriate conditions. In this sense,
the issue of reproducibilityis a central methodologicalingredientof contemporary
sciences.7 If an empirical observation cannot be reproduced, then the general
opinion will be to ignore it, disregard it, or at least not take it as seriously as
other results belonging to the established body of scientific knowledge. Non-
reproducible results are incapable of confirming or disconfirming a theory.8

The criterion of reproducibility is not unconditional. First of all, to reproduce
an empirical result means to observe the same result under circumstances es-
sentially identical with those leading to its preceding observation. The essence
of this condition is that the relevant circumstances must be known and controlled
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to such an extent that they can be adequately reestablished for any future attempt
to reproduce an observation. If the circumstances are known well enough, the
aspect of control is often achieved by suitable laboratory designs. In a given
laboratory experiment, the setup is chosen in a way enabling a precise obser-
vation of a deliberately selected feature of a system.

An experiment provides conclusive answers only to questions for which it is
properly designed. This is sometimes expressed by the sloppy notion of
a ‘‘Procrustes strategy’’ governing laboratory-based science.9 More generally
speaking, there are always features which must be disregarded since they are
considered irrelevant for the question to be answered. It is part of the art of
experimental science to design experiments in such a way that a particular ques-
tion is translated into relevant experimental conditions as precisely as possible.
In simple words, the goal is to establish (relevant) facts within (irrelevant)
noise. For the issue of reproducibility it does not matter if irrelevant conditions
vary: only the relevant conditions must be kept fixed.

Many situations in large-scale systems (e.g., geophysicsor astrophysics) do not
enable any active control of empirical observations. Such situations are examples
for an intermediate situation between typical experimental science with well-
controlled boundary conditions and the notorious loss of precise control which is
inherent in inanimate complex systems (e.g., the atmosphere of the earth), and
evenmore so in livingsystems. Nevertheless, a large body of sound, important,and
sophisticatedknowledge has been collected for such systems. Of course, the same
holds in those areas of the life sciences, e.g., behavioral or developmentalbiology,
in which rigorously fixed laboratory conditions generally do not make sense.

To reproduce an empirical result also means that the quantitative value of
an observable obtained in a measurement must be consistent with the values
obtained in previous measurements. This is important since experimental results
always have (epistemic) measurement errors. For this reason, a limit for an
admissible scatter of individual results is required beyond which results are not
considered as successfully reproduced.

At this point the significance of statistics enters; in many situations, the
standard deviation of a distribution of measured values around a mean serves as
a key quantity to distinguish individual results consistent with the expected
distribution from those which are inconsistent (so-called ‘‘outliers’’10). A result
satisfies the criterion of individual reproducibility if it is consistent with the
expected distribution. Such a strategy presupposes that the distribution of mea-
sured results is known or can be reasonably assumed, e.g., as a normal (Gaussian)
distribution. Moreover, care must be taken that the measured results are not
obscured by systematic errors, or the measured results must be corrected for such
errors if they are known.

A basic assumption for such a strategy is the existence of a sharp, dispersion-
free (ontic) value of an observable which would be identical with its measured
value if there were no measurement errors or other distortions due to the
measuring process. There are two possible complications, though, to this
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assumption. First, there may in principle be dispersion-free values of observables
for individual events, but the events cannot be precisely and uniquely prepared
(for all practical purposes). This implies variability, and one has to deal with
a dispersed distribution of assumed dispersion-free values for an ensemble
of individual events. Conventional areas of physics (such as classical point
mechanics) consider the limit of a delta function for this distribution. In complex
systems such an idealization is inappropriate, e.g., due to epistemic uncertainties
introduced by uncontrollable influences in preparation and measurement.

Second, there are situations in which the assumption of a dispersion-free ontic
valuation itself cannot be guaranteed. For instance, a quantum system with non-
commutative observables cannot be in a state in which two such observables
have dispersion-free expectation values. In this case, even observables for indi-
vidual events cannot be valuated pointwise, but require valuations over sets of
points. Corresponding non-vanishing dispersions are not a result of imperfect
measurement or measurement distortions (epistemic problems), but they are
intrinsic to the system as such (an ontic problem).They are the result of an interval-
valued ontic observable rather than an epistemic uncertainty.

If the assumption cannot be maintained that measurement errors introduce only
a scatter of results around a sharp value, reproducibility must be understood with
respect to ensembles of events rather than individual events. In such cases, the
identification of ‘‘outliers’’ is more complicated. It may then be appropriate to
assume a whole distributionof values as the primary object of measurement rather
thanone sharp value.The overall scatter of results is then givenby a convolutionof
this primary distributionwith the distribution accounting for measurement errors.
It is obvious that this can entail complications for increasingly complex systems.

Such complications can make it necessary to proceed from traditional first-
order thinking to second-order approaches to describe complex systems more
appropriately. An illustrative example typical for complex systems is the prob-
lem that an expectation value of an observable, defined in some limit N ! `
does not exist. In this situation, a possible second-order point of view can be
realized by studying the way in which the mean value of the considered observ-
able changes as a function of (finite) N. Any model predicting such a functional
dependence, regardless of the existence of the limit N ! ` , would qualify as a
second-order model. The criterion of reproducibility would then have to refer
to this functional dependence. It would be pointless to try to disconfirm such
a second-order model by the lack of reproducibility due to the non-existence of
an expectation value in a first-order framework. This and other examples will be
discussed in detail in the following sections.

3. Complexity as a Second-Order Concept

The concept of complexity and the study of complex systems constitute an
important focus of research in contemporary science. Although one might say
that its formal core lies in mathematics and physics, complexity in a broad sense

252 H. Atmanspacher & R. G. Jahn



is certainly one of the most interdisciplinary issues scientists of many back-
grounds talk about today. Beyond the traditional disciplines of the natural
sciences, the ‘‘virus’’ of complexity has even crossed the border to areas like
psychology, sociology, and ecology, among others. (For a rough overview con-
cerning different approaches and applications see Atmanspacher [1997].)

It is the intention of the present section to provide arguments for the relevance
of second-order frameworks in the study of complex systems (Section 3.1).
Central to these arguments is the classification of complexity measures, which
can be related to different classes of information measures. On this basis it is
possible to outline formal ways of implementing second-order approaches for
complex systems, in particular large deviations statistics (Section 3.2). Coupled
map lattices are briefly addressed as particularly interesting candidates for con-
crete applications.

3.1. Convex Complexity and Pragmatic Information

A systematic orientation in the jungle of concepts of complexity is impossible
unless a reasonable classification is at hand. There are several approaches that
can be found in the literature: two of them are (i) the distinction of structural
and dynamical measures (Wackerbauer et al., 1994) and (ii) the distinction of
deterministic and statistical measures (Crutchfield & Young, 1989). Another,
epistemologically inspired, scheme (iii) assigns ontic and epistemic levels of de-
scription to deterministic and statistical measures, respectively (Atmanspacher,
1994; Scheibe, 1973).

In addition to these approaches, a purely phenomenological criterion for
classification can be given by the functional behavior in which a complexity
measure is related to measures of randomness.11 Within such an approach (for an
early reference see Weaver [1968]), there are two classes of complexitymeasures:
(iv) those for which complexity increases monotonically with randomness and
those with a globally convex behavior as a function of randomness (cf. Figure 2).
It turns out that classifications according to (ii) and (iii) distinguish measures of
complexity in precisely the same manner as (iv) does: deterministic or ontic
measures behave monotonically,and statistical or epistemic measures are convex.
In other words, deterministic (ontic) measures are essentially measures of ran-
domness, whereas statistical (epistemic) measures are not.

The class of monotonic measures of complexity contains, e.g., algorithmic
complexity (Kolmogorov, 1965), various kinds of Rényi information (Balatoni &
Rényi, 1956) (among them Shannon’s information [Shannon & Weaver, 1949]),
multifractal scaling indices (Halsey et al., 1986), and dynamical entropies
(Kolmogorov, 1958). The class of convex measures of complexity contains,
e.g., effective measure complexity (Grassberger, 1986), e -machine complexity
(Crutchfield & Young, 1989), fluctuation complexity (Bates & Shepard, 1991),
and variance complexity (Atmanspacher et al., 1997). See also Landsberg and
Shiner (1998) and Feldman and Crutchfield (1998) for further discussion.
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A most intriguing additional difference (v) between both classes can be
recognized if one focuses on the way statistics is implemented in each of these
measures. The crucial point is that convex measures, in contrast to monotonic
measures, are meta-statistically formalized, i.e., effectively represent (in one or
another way) second-order statistics in the sense of ‘‘statistics of statistics’’.12

Fluctuation complexity is the standard deviation (second-order) of a net mean
information flow (first-order); effective measure complexity is the convergence
rate (second-order) of a difference of entropies (first-order); e -machine
complexity is the Shannon information with respect to machine states

Fig. 2. Schematic illustration of two different classes of complexity measures, distinguished by
their functional dependence on randomness.
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(second-order) that are constructed as a compressed description of a data stream
(first-order); and variance complexity is based on the variance (second-order) of
the mean of many individual variances (first-order) of a distribution of data. To
our knowledge, there is no monotonic complexity measure providing such a two-
level statistical structure. Although it would be desirable to have a theorem for
the corresponding relationship between convex complexity measures and their
two-level statistical structure, such a theorem is not yet available.

Since so many complexity measures bear an intimate relation to information
theoretical concepts, it is interesting to see whether first-order and second-order
complexity measures can be related to corresponding information measures. The
way information theory has been traditionally applied in physics up to now is
limited to its syntactical component, going back to the influential work Shannon
published in a book coauthored with Weaver (Shannon & Weaver, 1949).
Weaver’s contribution in this book already pointed out that this syntactical com-
ponent of information requires extension to semantic and pragmatic aspects (for
more details see Atmanspacher [1997]).

An interesting approach in this direction was introduced by E. von Weizsäcker
(1974) as a way to deal with the usage that is based on the meaning of a message
in terms of pragmatic information. This concept relies on the two notions of
primordiality (‘‘Erstmaligkeit’’) and con�rmation (‘‘Bestätigung’’). Weizsäcker
argued that a message that does nothing but confirm the prior knowledge of
a receiver will not change its structure or behavior. On the other hand, a message
providing only material completely unrelated (primordial) to any prior know-
ledge of the receiver will also not change its structure or behavior, simply be-
cause it will not be understood. In both cases, the pragmatic information of the
message vanishes.A maximum of pragmatic information is assigned to a message
that transfers an optimum mixture of primordiality and confirmation to its
receiver. For the limiting case of complete confirmation, purely syntactic
Shannon information and pragmatic information vanish coincidentally. If pri-
mordiality is added, Shannon information increases monotonically.

Applying a proper algorithm in order to generate a regularly alternating,
periodic pattern, the corresponding generation process is obviously recurrent
after the first two steps, i.e., after the generation of the first two elements of the
pattern. Considering the entire generation process as a process of information
transmission, it presents only confirmation of its first two time steps once they
have passed by. In this sense, a regular pattern, exhibiting no complexity, corre-
sponds to a process of information transmission that has vanishing pragmatic
information (or ‘‘meaning’’) as soon as an initial transient phase (the first two time
steps) has passed by. This applies to both notions of complexity, the determin-
istic as well as the statistical one.

For a completely random pattern the situation is more involved, since
deterministic complexity and statistical complexity lead to different viewpoints.
Deterministically, a random pattern is generated by an incompressible algorithm
which contains as many steps as the pattern contains elements. The process of
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generating the pattern is not recurrent within the length of the algorithm. This
means that it never ceases to produce elements that are unpredictable, except
under the assumption that the entire algorithm was known a priori. Such
knowledge, however, would imply that the pattern itself was known, since the
algorithm is nothing but an incompressible description of it. Hence, the process
generating a random pattern can be interpreted as a transmission of information
completely lacking confirmation, and, consequently, with vanishing pragmatic
information.

As a consequence, there is indeed a strong conceptual similarity between com-
plexity measures and information measures. Pragmatic information is as con-
vex as second-order complexity, and syntactic information is as monotonic as
first-order complexity. We will come back to this similarity in Section 4, where a
generalization from complex systems to complex mind-matter systems will be
discussed. At that point, the important role of pragmatic information as a mea-
sure of meaning will become crucial (Section 4.1).

3.2. Large Deviations, Limit Theorems, and Ergodicity in Complex Systems

In contrast to many areas of conventional physics, non-stationary, transient
states play a significant role in complex systems. Before a complex system reaches
a stationary attractor characterized by an invariant measure, it can show exceed-
ingly long transients. Along those transients, time averages are not equivalent
to ensemble averages, such that ergodicity must not be presupposed in general,
and ergodic measures must be used with caution (Tanaka & Aizawa, 1993).
Moreover, it is now well known that careless applications of limit theorems in
statistical analyses of data from complex systems can lead to misinterpreta-
tions (Wolfram, 1984). We are only beginning to understand these complications
in detail.

In addition to Crutchfield’s highly developed approach in terms of e -machine
reconstruction, the framework of large deviations statistics (LDS) (Aizawa, 1989;
Bucklew, 1990; Ellis, 1985; Oono, 1989; Seppäläinen, 1995) offers itself as a
promising route of access. Relationshipsbetween LDS and e -machine reconstruc-
tion have been indicated by Young and Crutchfield (1994). LDS is particularly
attractive since it distinguishes explicitly between statistical (monotonic) and
meta-statistical (convex) measures of complexity. For some introductory formal
remarks on LDS, including their relation to Jaynes’ maximum entropy principle,
see Amann and Atmanspacher (1999).

A basic element in LDS is a switch of perspective from statistical moments
of a distribution, e.g., expectation values, to the probability measure itself, e.g.,
moments of a distribution of distributions. Moments of a distribution provide
first-order statistical characterizations of this distribution. They are defined in
the limit of N ! ` , where N can be the number of particles, of degrees of freedom,
of subensembles, etc. The corresponding ‘‘law of large numbers’’ states that in
this limit a distribution converges weakly to the unit point measure at the
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expectation value. LDS specifies that this convergence is exponential as
a function of N (Ellis, 1985; Oono, 1989). The convergence rate is the so-
called ‘‘large deviations entropy’’.

If an observable is defined in the sense of an expectation value, then the
relevant framework is that of a so-called level-1 description in the terminology of
LDS. For instance, the formalism of multifractal measures (Halsey et al., 1986;
Paladin & Vulpiani, 1987) is based on the limit N ! ` ; hence it is a level-1
theory and uses only first-order statistical measures. A more restrictive limit
theorem which (other than a law of large numbers) presupposes the existence of
the second moment of a distribution is the ‘‘central limit theorem’’. It gives an
estimate for the probability that the size of properly defined, i.e., normalized,
fluctuations around the expectation value is of the order of

ƒƒƒƒ
N

p
.

If the limit N ! ` as a precondition for a law of large numbers in the sense of
a level-1 description cannot be presupposed, one can consider a higher level at
which the observed empirical distribution functions themselves (not single
variables) are treated as stochastic objects. Measures on such a higher level are
second-order measures; they characterize the fluctuations of the distribution
functions as a function of N. Distributions in a purely structural (non-dynamical)
sense then give rise to (second-order) level-2 descriptions. A good example is
the behavior of histograms of scaling indices for finite N as a function of N
(which become multifractal measures for N ! ` ). For distributions covering
structural as well as dynamical elements it can be reasonable to proceed to meta-
statistical descriptions that are called level-3 descriptions in the terminology of
LDS (Ellis, 1985; Oono, 1989). The objects of these descriptions are trajectories
or histories instead of level-2 distributions.

A level-(n-1) theory can in general be obtained from the corresponding level-n
theory (‘‘contraction principle’’; Ellis, 1985; Oono, 1989). For instance, it is
possible to infer the convergence rate toward an expectation value (assuming
that it exists) from the convergence rate of its probability distribution. An analo-
gous contraction principle does not in general apply to the moments. If the
distribution function depends on time, averages over time and ensemble averages
are not necessarily identical (cf. Feller, 1971). If this difference is not explicitly
taken into account, pitfalls with respect to the validity of a law of large numbers
are to be expected. Pikovsky and Kurths (1994) have recently clarified such a
misunderstanding for a level-3 situation (see also Griniasty & Hakim, 1994).
They have shown that properly defined higher-order fluctuations do not violate
a level-3 law of large numbers, whereas such a law is irrelevant for fluctuations
in a lower-level description.Briefly speaking, Pikovsky and Kurths demonstrated
that stationarity and ergodicity must not be presupposed in complex systems
such as coupled map lattices or, more specifically, globally coupled maps.13

This is interesting in view of the fact that under particular conditions such
systems can provide long-living transients—a type of non-stationary behavior far
from being explored exhaustively.14 For a detailed study of so-called ‘‘super-
transients’’ in coupled maps, see, e.g., Kaneko (1990). In addition to the
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significance of coupled maps in general (Kaneko, 1993) and in the life sciences
(Kaneko & Tsuda, 2000), non-stationaryand non-ergodic behavior in this sense is
expected to play a significant role in cognitive systems (cf. Freeman, 1994;
Nozawa, 1994). Moreover, coupled map lattices offer an interesting perspective
for non-hierarchical ‘‘control’’ insofar as the behavior at each site in the lattice
crucially depends on its environment (consisting of neighboring sites). It is not
simply determined by an externally adjusted (set of) parameter(s), which is the
central idea in hierarchical approaches such as controllingchaos (Ott et al., 1990).

In summary, LDS provides a formal framework for addressing systems whose
long-living transients prevent a straightforward application of limit theorems. If
the existence of the limit in which expectation values are defined cannot be
presupposed, LDS provides an approach to characterize a distribution function
by its behavior as a function of N rather than its moments. If an expectation
value exists, the large deviations entropy is simply an exponential decay rate
of fluctuations. In principle, other kinds of convergence are possible, and even
cases with a non-converging size of fluctuations can be conceived.

In the light of the discussions of Section 2, there is an important lesson to be
learned from these deliberations. The validation of a first-order model with first-
order data is usually considered to have failed if the distribution of data does not
converge to an expectation value (of a relevant observable). From a second-
order point of view, which may be necessary if first-order models and first-order
data cannot be straightforwardly decomposed, such an attribution of failure is
premature. In such cases, the non-existence of an expectation value can be an
indication of the necessity of a second-order model, for whose validation first-
order data alone are irrelevant. In the following section, this scenario will be
discussed in more detail.

4. Mind-Matter Systems as Complex Systems

Why and in what sense can the psychophysical problem (i.e., the problem of
how mind and matter are related to each other) be considered as a problem of
complexity? Consciousness is often regarded as a property of a mental system
arising when a particular level of complexity of its material correlate, the brain
or the central nervous system, is reached. But there are subtler and more detailed
aspects: for instance, several authors have emphasized that the concept of mean-
ing, reference, or intentionality is essential to a definition of complexity (Atlan,
1991; Atmanspacher, 1994; Casti, 1992; Crutchfield, 1992; Grassberger, 1986;
Haken, 1988). For instance, Grassberger (1989) wrote:

Complexity in a very broad sense is a dif� culty of a meaningful task. More precisely,
the complexity of a pattern, a machine, an algorithm, etc. is the difficulty of the most
important task related to it. (. . .) As a consequence of our insistence on meaningful tasks,
the concept of complexity becomes subjective. We really cannot speak of the complexity
of a pattern without reference to the observer. (. . .) A unique definition with a universal
range of applications does not exist. Indeed one of the most obvious properties of a
complex object is that there is no unique most important task related to it.
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Addressing the concept of subjectivity in an unspecified way is tantamount to
opening Pandora’s box. Is a ‘‘science of the subjective’’ (Jahn & Dunne, 1997)
possible at all, and, if it is, how can it be realized? In the following subsections,
some specifications and ramifications of Grassberger’s quotation will be out-
lined. First, it will be discussed how meaning and complexity can be related to
each other from an epistemological point of view. This will be followed by some
remarks concerning the issue of reproducibility within first-order and second-
order approaches in this context. Finally, some indications of empirical second-
order features will be noted.

4.1. Meaning and Complexity Are Complementary

Grassberger’s quotation can be assessed in more detail if the two classes of
complexitymeasures and associated informationmeasures, as discussed in Section
3.1, are taken into account. Since monotonic, first-order measures of complexity
are related to purely syntactic information, they can only be used to characterize
systems in a way disregardingmeaning.15 If meaning is to be consideredexplicitly,
one has to proceed to semantic or pragmatic information and associated convex,
second-order measures of complexity. Corresponding definitions of complexity
provide the validity domain to which Grassberger’s quotation applies.

Two points should be stressed here. First, the fact that monotonic complexity
is not related to meaning does not imply that corresponding measures are use-
less or ill-defined. It is obvious that there are many interesting applications of
first-order complexity measures, and their benefit is that they do not lead to the
complications which second-order complexity entails. Second, it should be kept
in mind that, in contrast to syntactic information, semantic and/or pragmatic
types of information are not defined as precisely as desirable. Hence, their rela-
tion to second-order complexity cannot be demonstrated as clearly as the relation
between monotonic complexity and syntactic information. Nevertheless, their
common feature of convexity is prominent enough to suspect an intimate connec-
tion between convex complexity and semantic/pragmatic information.

Complexity is a concept that has its origin in the study of physical properties
of material systems. Meaning, on the other hand, originates in human concerns
and has become a topic of philosophy and, more recently, cognitive science, and
is discussed within a non-material domain. Assuming that the convexity of both
second-order complexity and of pragmatic information are not accidental, it
is remarkable how the perspectives of physics (complexity) and of cognitive
science (meaning) show an explicit complementarity in this respect. ‘‘The impres-
sion of complexity often appears as something like the expression of an ex-
perience of meaning’’ (Casti, 1992).

From the viewpoints of the philosophy of mind and of cognitive science,
dealing with the mental system and its mental properties (res cogitans), the
concept of meaning is prior to the complexity of the brain as the material carrier
of mental states. In the material domain of res extensa, on the other hand, the
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complexity of a system is prior to its capability to understand meaning. It seems
in fact reasonable to expect that a certain degree and kind of complexity is a
precondition for the capability of understanding meaning. Although it is still
unclear what the exact criteria are in this respect, it would certainly be far too
anthropocentric to fix them such as to exclude non-human beings.16 It is even an
open question to what extent meaning might be a reasonable concept for non-
living systems. Atlan (1991) has proposed distinguishing different classes of
complexity and assigning the notion of meaning only to a specific one among
them. Other approaches, like those of von Weizsäcker (1974) or Crutchfield and
Young (1989), do not restrict the notion of meaning in this manner.

Although complexity and meaning are subjects conceptually separated by
a Cartesian cut between res extensa and res cogitans, it is evident that they have
more to do with each other than such a cut would suggest. Moreover, the rela-
tions between the two are richer than one might expect naively. The nature of
the interface between res extensa and res cogitans is almost unexplored as yet,
and much work waits to be done to understand it better.

A key issue of corresponding approaches is the issue of decomposability. It is
fairly obvious that the property of being complex is not appropriately treated by
investigating systems in terms of decomposing them into parts. The same applies
to the meaning of a message, a situation, or anything else. This does not merely
restate the phrase that ‘‘the whole is more than the sum of its parts’’, but pred-
icates a totally different perspective if the whole is to be studied instead of its
parts. Some of the mathematical tools necessary for this kind of study might be
structurally similar to those used in the quantum theory of entangled systems (see
Primas, 1993). A corresponding attempt to describe cognitive functions in terms
of non-commuting operators is due to Gernert (2000). Some formal ideas to gen-
eralize the quantum theoretical notions of complementarity and entanglement in
and beyond physics have recently been outlined by Atmanspacher et al. (2002).

Beyond the decomposition of material systems, it is unavoidable to focus on
the question of decomposability in the broader context of models and their
relation to data. As discussed in Section 2, the reference structure of a second-
order model is much more involved than that of a first-order model. For a second-
order model, first-order models, first-order data, and their mutual relations are to
be taken into account as referents. But in general it cannot be presupposed that
these different classes of referents can be decomposed with respect to each other.
It is not even known which conditionsmust be satisfied for such a decomposition.

Rephrased in terms of psychophysical (mind-matter) systems, the three classes
of referents just mentioned translate into a mental component of a system, a
material componentof a system, and their mutual relation (see Figure 3). The most
obvious example for such a system is the mind-brain of living beings. While
cognitive,emotional,and evenunconsciousstatesbelongto themental component,
electromagnetic or biochemical states belong to the material component.17

The mind-matter issue not only addresses the distinction of mind and brain but
also, a bit more generally, that of mind and body, for instance in areas such as
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psychoendocrinology and psychoimmunology. Most counterintuitive, however,
is the class of mind-matter questions dealing with relationships between con-
scious or unconscious states of the mental system of living beings and states of
material systems external to them. Such topics of mind-matter research have
traditionally been addressed in the off-mainstream fields of ‘‘psychical research’’
and ‘‘parapsychology’’, but those studies have rarely produced insights which
could be incorporated into a consistent and acceptable scientific world view.
Over the last decades, however, a number of more rigorous experiments have also
been conducted, and a huge body of reliable data is now available. Meta-analytic
evaluation of these sources remains difficult for a number of reasons (see
Radin & Nelson, 1989; and Ehm, 2003), but is indicativeof widespread and recur-
rent anomalous effects which must not be ignored, but are yet to be explained.

4.2. Second-Order Features in Mind-Matter Systems

As mentioned at the end of Section 3, a proper validation of second-order
models has to refer to second-order data, which consist of first-order models,
first-order data, and their relations, if they can be decomposed. For applications
to mind-matter systems, the referents can be generalized to states/properties of

Fig. 3. Schematic illustration of second-order (meta-) models of mind-matter systems and their
relations with mental states (first-order models) and material states (first-order data).

Problems of Reproducibility in Complex Mind-Matter Systems 261



mental systems, states/properties of material systems, and their mutual relations.
Trying to validate a second-order model by first-order data alone is ill-posed.
Likewise, it is incorrect (or even irrelevant) to try to disconfirm a second-order
model by first-order data alone. This applies, for instance, if an expectation
value of an observable does not exist as a first-order measurement result. If a
second-order model would predict substantial correlations between mental and
material components of second-order data, then it is possible that first-order data,
restricted to the material component alone, are not well-defined, e.g., are
statistically unstable. This can lead to improper conclusions concerning the
validity of a second-order model if the implicationsof a decompositionof second-
order data are not explicitly taken into account.

A standard example for the decomposition problem at the level of second-
order data is provided by the technique of so-called randomized clinical trials,
used to test the effectiveness of pharmacologically active substances versus
placebos. In order to do so in an unbiased manner, it must not be presupposed
that the active substance has the desired effect on an organism. Therefore the
key feature in such trials is that there are two groups of test persons, whose
allocation to active substance or placebo remains unknown (‘‘blinded’’) to both
participants and experimenters for the duration of the trial. In this way, material
and mental states or properties are kept non-decomposed in an epistemological
sense. Only when the condition of blindedness is lifted can both kinds of
substances be assigned to the two test groups. If the effectiveness of the active
substance is significantly established for the ‘‘correct’’ test group, the second-
order data can be properly decomposed into mental and material components,
and the material component can be used as a referent of a first-order model ex-
plaining the effectiveness of the active substance.

If there are statistically unstable, ‘‘irreproducible’’ results at a first-order level,
the ideal situation is that a second-order model can predict the way in which
those results deviate from statistically stable first-order results. For such situa-
tions, Lucadou (1994) has argued that, under particular circumstances, a specific
decline effect will occur if experimental reproducibility in a first-order sense
is attempted. Generally speaking, this decline effect can be regarded as a con-
sequence of the decompositionof (holistic) second-order data. The detailed argu-
ments are based on a model concerning the amount of pragmatic information
extracted from the studied system under specific experimental conditions. They
are somewhat sophisticated and non-trivial, and should be checked in the
original reference (Lucadou, 1994).

Decline effects and other problems related to reproducibility with respect to
first-order experimental results are not unfamiliar in behavioral studies where
mind-matter questions may play a role. An interesting example from learning
research is the publication by Dworkin and Miller (1986), who report a decline
effect for the change in heart rate due to visceral learning in rats. More recently,
Crabbe et al. (1999) reported failures to reproduce behavioral changes as a con-
sequence of particular genetic manipulations of mice.
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Beyond such observations, reproducibility problems are frequently met in
mind-matterresearch of the more unconventionalkindmentionedabove (Lucadou,
1991; Shapin & Coly, 1985; Utts, 1991). Of course, it would hardly be reasonable
to claim that they all result from misinterpretations of second-order data due to
ignored decomposition problems. But there may be cases in which this is
indeed the case. For instance, a study by Vassy (1990) shows that Lucadou’s
conjecture is consistent with a fairly large database with respect to precognitive
timing. A huge body of material from mind-matter experiments collected by
PEAR (and, more recently, their consortium partners) shows decline effects and
other indications of statistical instability (so-called ‘‘series position effects’’;
see, e.g., Dunne et al. [1994]).

The mind-matter system studied in these experiments is based on the follow-
ing components. First there is a material random process providing a distribution
of random events as a function of time. Second, there is a human operator who
is asked to apply his mental intention such that the mean of the random distri-
bution either increases or decreases, depending on a prescribed instruction.
The observables to be correlated are the shift of the mean of the distribution as
compared to the expected mean and the intention of the operator (high or low).
After a 12-year period of collecting data from 13 distinct experiments within this
experimental paradigm, Jahn et al. (1997) reported a small but highly significant
mean shift whose sign was correctly correlated with intention. Three independent
attempts to reproduce this result all showed mean shifts in the intended direction,
but at a statistically insignificant level, hence no corresponding correlations could
be claimed (Jahn et al., 2000). (However, a number of other correlations con-
cerning ‘‘secondary parameters’’ could be detected which were significant.)

Considered naively, this lack of reproducibility might be interpreted to
indicate that mind-matter correlations in these experiments do not exist after all.
However, in a second-order framework a declining effect size with respect to the
material component of a mind-matter system must not necessarily be taken as
such an indication.18 As long as the mental component of the system and its rela-
tion to the material component remain weakly defined and largely undetermined,
the system as a whole has so many degrees of freedom that reasonable implica-
tions for a second-order model cannot be drawn from a decliningfirst-order result.
On the other hand, a first-order framework, within which the mentioned data
could be interpreted as evidence against mind-matter correlations, can be ruled
out for a proper description of mind-matter systems.

Another interesting line of second-order thinking, related to the correspon-
dence between second-order complexity and pragmatic information as a measure
of meaning, derives from empirical data collected and analyzed by May et al.
(2000). In a set of remote perception experiments, they tried to relate the success
of remote perception to information theoretical characteristics of the images to
be viewed. They found significant correlations (r 5 0.232) between remote
perception success (‘‘figures of merit’’) and the gradient of Shannon entropies
calculated for systematically shifted, small subimages of the image as a whole.
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In contrast, calculations of the variance complexity of the images, a second-
order complexity measure introduced by Atmanspacher et al. (1997), provides
non-significantcorrelations (r 5 2 0.095) with the corresponding figures of merit
(May, 1999). This difference is not finally understood yet, but it might indicate
that the success of remote perception is more correlated with syntactic rather
than semantic (and pragmatic) features of images. On the other hand, recent
results by Dunne and Jahn (2003) suggest the opposite.

A more far-reaching idea concerning the reproducibility of events in mind-
matter systems arises in the dialog between Pauli and Jung. In the volume
‘‘Explanation of Nature and the Psyche’’ (Jung & Pauli, 1952), Jung presented his
ideas about acausal connections (‘‘synchronicities’’) between mind and matter
in a comprehensive manner (Jung, 1952). He used empirical material from an
astrological study about sun and moon positions in birth charts of partners as
evidence for synchronistic relations. Pauli was quite unhappy with this particular
example (which indeed showed a decline in significance when further material
was added later on). In a letter to Fierz (Pauli, 1952), he wrote: ‘‘. . . synchronistic
phenomena in a narrower sense cannot be grasped in terms of natural laws since
they are not reproducible, i.e., singular. They are blurred by the statistics of large
numbers. Just on the contrary, ‘acausalities’ in physics are captured by statistical
laws (of large numbers).’’ In other words, if outliers of a distribution are due to
singular events, they cannot be consistently discussed according to the usual laws
of statistics. Simple as this statement reads, its applicability to concrete events is
hard to check as long as there are no good criteria governing how to distinguish
singular events from events which can be analyzed statistically.

In the same context, it is appropriate to refer to a proposal Pauli made con-
cerning the relevance of meaning-related issues in mind-matter research. From
a historical perspective, Pauli (1954) suggested to interpret Darwin’s use of
the concept of chance in order to model biological evolution as ‘‘an attempt to
theoretically cling, according to the ideas of the second half of the 19th century,
to the total elimination of any finality. As a consequence, this has in some way
to be replaced by the introduction of chance.’’ Pauli speculated that the concept
of synchronicity might force science to revive the historically repressed concept
of finality as a complement to causality. In Die Vorlesung an die fremden Leute
(part of the essay Die Klavierstunde, Pauli, 1953), Pauli wrote about a ‘‘third
kind of natural laws which consists in correcting the fluctuations of chance by
meaningful or functionalcoincidencesof causallynon-connectedevents’’, in addi-
tion to deterministic and statistical laws of nature. But he hesitated to publish
such thoughts (Pauli, 1953): ‘‘If one really would like to propose such ideas in
public, it would be imperative to show something which is verifiable.’’

5. Summary and Conclusions

The Pauli quotation at the end of the preceding section leaves us with the
problem of deciding what could be considered as a reliable verification. One
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possible meaning of verification refers to the reproducibility of experimental
data. According to the main arguments in this article, complex mind-matter
systems require us to consider types of reproducibility which are more
sophisticated than those used in conventional scientific methodology. Since
complex mind-matter systems in general require second-order models for their
description, their validity cannot be reasonably tested by conventional first-order
data alone.

Some recent ideas and techniques to study complex systems in the sense of
second-order approaches were presented in Section 3. A central feature in this
regard is the correspondence between complexity measures which are convex as
a function of randomness, on the one hand, and pragmatic information as a mea-
sure of meaning on the other. The second-order character of these two concepts of
complexity and meaning is related to the non-stationary, non-ergodic behavior
of complex systems (e.g., coupled map lattices), for which limit theorems can-
not be presupposed. Novel statistical tools of analysis such as large deviations
statistics offer interesting perspectives in these contexts.

Section 4 extended the scope of the discussion from complex systems to mind-
matter systems. A complementarity of complexity and meaning was proposed
and discussed to reflect two different aspects of the same problem viewed from
different sides: the problem of connecting the material and mental domains
generated by the Cartesian distinction. The formal correspondence between
convex complexity and pragmatic information outlined in Section 3 was gen-
eralized to systems to which, in addition to some complexityof their material com-
ponent, mental properties such as consciousness, intentionality,and meaning can
be explicitly attributed. Some second-order characteristics of such systems were
indicated. It was shown that a declining statistical significanceof empirical results
does not necessarily indicate that such results can be disregarded. It can also
indicate the necessity of a second-order approach or even validate a second-order
model.

Another, broader meaning of the topic of verification as addressed by Pauli
refers to the consistency of experimental data with corresponding theoretical
approaches. Although a full-fledged theoretical framework for the description of
mind-matter systems is not available, many conceptual speculations with differ-
ent degrees of specification can be found in the literature. Some recent lines of
thinking, particularly emphasizing the role of the unconscious, were outlined
in Atmanspacher (2003) or Jahn and Dunne (2001). Among other features, the
speculative schemes addressed there provide room for a second-order approach
toward decline effects.

After all, however, progress in mind-matter research requires more than novel
conceptual approaches and models. ‘‘To show something which is verifiable’’
(Pauli, 1953) means that we need empirical data which can be compared with
theoretical approaches. Due to the necessity of second-order thinking, it is ex-
pected that ‘‘verification’’ in mind-matter research is conceptually more compli-
cated than in many areas of conventional science.
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Notes
1 In this article, we prefer to speak of reproducibility since replicability has the

additional connotation of copying or cloning biological species. Moreover,
reproducibility can be considered to characterize a special situation within the
broader notion of repeatability.

2 This assumption contradicts a radically materialistic position in which only
material components are considered. We do not regard such a position as
viable.

3 It should be emphasized that throughout this paper the Cartesian framework is
not taken so far as to indicate two ontologically different substances. (The
notion of substance is here used as a philosophical term.) However, an epis-
temological separation of the two seems unavoidable in order to explore
possible relations between mental and material domains, or between models
and facts.

4 Such problems arise whenever propositions and their referents are not distin-
guished in a clear-cut way. Typical examples are propositions (partially)
referring to themselves, as in ‘‘This statement is false’’.

5 Second-order thinking, i.e., thinking about thinking, is an illustrative example
(cf. Elkana, 1986). Second-order thinking has gained major influence in
cybernetics, where von Foerster coined the notion ‘‘second-order cybernet-
ics’’ to address ‘‘the description of the ‘describer’ ’’ (von Foerster, 1982). The
journal Cybernetics & Human Knowledge has been devoted to critical
discussions of second-order cybernetics, autopoiesis, and cybersemiotics
since 1992.

6 Referring back to the second example in the preceding subsection 2.2,
material brain states are usually studied by first-order experiments, whereas
an understanding of their correlations with mental states would be in the
domain of a second-order experiment.

7 It is interesting to note that Vico’s famous verum-factum principle (‘‘verum et
factum convertuntur’’; Vico [1990]) can be considered as a criterion for
validity that is even stronger than reproducibility. Somewhat generously
translated and interpreted, ‘‘the true and the made are the same’’ means that
some model is considered valid only insofar as it can be utilized for engineer-
ing applications. In this article we will not further discuss Vico’s principle.

8 Needless to say the reproducibility of an empirical result is a necessary but
not a sufficient condition for its acceptance in the sciences. An essential
additional point, which cannot be emphasized enough, is the consistent
incorporation and interpretation of such a result in a theoretical framework. In
his definition, Tetens (1995) emphasizes this point as well: ‘‘. . . it makes
sense to speak of the reproducibility of a fact only relative to an explicitly
formulated description’’.

9 Procrustes, a figure of Greek mythology, was a host who promised his guests
a very special bed exactly matching their size. As soon as the guest lay down,
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Procrustes went to work on him, stretching him on the rack if he was too short
and chopping off his legs if he was too long.

10 The notion of an outlier is here used with respect to its deviation from a
most probable value of a distribution, without regarding the origin of this
deviation.

11 It is worth mentioning that randomness itself is a concept that is anything but
finally clarified. In the framework of the present paper we use the notion of
randomness in the broad sense of an entropy.

12 Note that the notion of ‘‘second-order statistics’’ has nothing to do with the
second moment of a statistical distribution or second-order terms in a series
expansion. Rather, it indicates a statistical approach which can serve to check
the validity of a second-order model by an evaluation of second-order data.

13 An explicit large deviations approach to globally coupled maps is due to
Hamm (2000).

14 A novel statistical approach toward the study of non-stationary processes was
recently proposed by Galluccio et al. (1997) for an analysis of currency
exchange rates. The key idea, similar to so-called random time change tech-
niques, is to rescale the time axis of the process such that periods with high
(low) activity are stretched (squeezed). This is done in such a way that the
original non-stationary process is transformed into a stationary process which
can be investigated by standard means. Galluccio et al. (1997) call their
approach an ‘‘intrinsic time analysis’’, alluding to the fact that non-stationary
behavior can be suitably characterized by a proper renormalization of time.

15 Thisview presupposesa certainkindof (analytical)bottom-upargumentationin
the sense that information can be decomposed into its syntactic, semantic, and
pragmatic components. From a top-down point of view one could argue
alternatively that the phenomenological (‘‘Lebenswelt’’) significance of
information derives from the irrelevance of such a decomposition. From such
a perspective, every element of syntax is inseparably linked to aspects of mean-
ing and use, and it does not make sense to consider each of them separately.

16 Nevertheless, notions of meaning intended to apply beyond human beings
(e.g., animals or AI systems) are often configured by analogies or similarities
with our everyday notion of meaning.

17 In the framework of a more or less radical materialistic position only material
states are considered,so there is no need at all to talk about mind-matter systems
within such a framework.

18 It should be mentioned that declines of statistical significance can, of course,
be due to much simpler reasons. Any laboratory scientist knows that compli-
cated experiments can produce so-called artefacts until the experimental
setup is properly under control. Such artefacts must not be confused with
second-order effects as addressed here.
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Abstract—Anomalous effects of human intention on the output of electronic
random event generators (REGs) have been well established at the PEAR
laboratory and elsewhere. A simple model of this effect as a change in the
binary probability of the REG digits would predict that larger statistical yield
can be achieved simply by processing more bits. This hypothesis was explored
previously using protocols ranging from 20 to 2000 bits per trial, with results
that were consistent with the bitwise model, but had too little resolution to rule
out many competing models. More recently, a ‘‘MegaREG’’ experiment was
deployed to test this hypothesis using 2-million-bit trials interspersed with 200-
bit trials in a double-blind protocol.

In the initial phase of MegaREG, the 200-bit trials produced outcomes
comparable with our standard experiments, while the 2-million-bit trials
produced an effect somewhat larger in absolute scale, but inverted with regard
to intention. A subsequent replication phase reproduced these findings, except
for statistically nonsignificant quantitative changes. These appear to be
secondary consequences of a statistically significant difference between
operators having, and lacking, prior experience in REG experiments, the
relative proportions of which account for the differences between these
experimental phases. Other operator population distinctions, such as gender,
and various secondary protocol parameters, had no significant effects.

A related experiment called ‘‘MegaMega,’’ differing from MegaREG only in
that all data used 2 million bits per trial, with no interspersal of a second data
type, produced a reversed intentional effect of the same scale. It also displayed
a significant asymmetry between the intentional runs and the non-intentional
baselines, which was not seen in MegaREG.

The combined result of all high-speed experiments was an effect size per trial
of �2.77 6 0.69 times that seen in earlier REG experiments, but given the
larger number of bits per trial, the bitwise probability change was some 30
times smaller. The composite score for the intentional effect in high-density
data across all experiments was T ¼ �4.03 (d.f. . 105), p ¼ 5.65 3 10�5 (2-
tailed). The causes of the change of scale, and of the inversion of sign in the
effect, remain unknown. Explanations that can be ruled out with a high degree
of confidence include statistical artifact, the change in the source, the use of
different operator pools, and the double-blind interspersal of data types.
Testable explanations that remain potentially viable include increased task
complexity, inherent timing or rate limits on anomalous functioning, and
changes in the psychological environment.
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Introduction

The Princeton Engineering Anomalies Research (PEAR) laboratory has con-
ducted extensive experimental and theoretical study of anomalous effects of
human consciousness on various types of random event generators (REGs) since
1979 (Jahn et al., 1997). This work builds on previous and ongoing studies by
many other researchers, and is particularly close in design and protocol to that of
Schmidt (1970a,b). An extensive meta-analysis by Radin and Nelson (1989)
found that most of these experimental programs, including PEAR’s, produced
anomalous effects of broadly similar nature and scale.

The anomalous effect seen in these experiments consists of a shift in the mean
output level of REGs that correlated with pre-stated human intention. Thus,
regardless of mechanism or model, any database containing an anomaly displays
a change in the empirical probability of the individual binary events comprising
that database. Most of the PEAR data are consistent with the hypothesis that the
anomalous effect is in fact nothing more nor less than an alteration of the
probability of elementary binary events in the experiment, rather than some more
complicated process which would produce the empirical probability shift as
a consequence (Dobyns, 2000; Jahn et al., 1991). For reasons of protocol
standardization, however, many physical and psychological variables were held
constant in these experiments, which means that the consistency with the
probability-change hypothesis could be an artifact arising from the uniformity of
some other key parameter throughout the experiments. If the anomalous effect is
truly a shift in the elementary bit-level probability, however, the statistical yield
of an experiment should be increased by increasing the number of bits processed,
while holding all other factors constant.

This prospect was explored in a preliminary fashion using various protocols.
The standard ‘‘REG200’’ protocol collects the sum of 200 random bits into
a single ‘‘trial,’’ at a sampling rate of 1000 bits/second. Thus, data collection is
active for 0.2 second, a period of time easily perceptible to the operator. An
intervening pause of approximately 0.7 second leads to a mean data generation
rate of approximately 0.9 second/trial. Two exploratory variants, labeled REG20
and REG2000, collected respectively 1/10 and 10 times as many bits per trial
from the same noise source, with the sampling rate changed correspondingly so
that the periods of trial accumulation were the same. Although the amount of
data accumulated in these protocols was small relative to the primary REG200
experiment, the results seemed compatible with a bitwise effect hypothesis
(Dobyns, 2000; Jahn et al., 1997). These previous explorations are summarized
in Figure 1, showing all three data points well within a 95% confidence interval
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(1.96 times as wide as the 1r error bars drawn) of the sloping dotted line
indicating constant effect per bit.

The original ‘‘MegaREG’’ experiment (Ibison, 1997) attempted a more
thorough test of the bitwise effect hypothesis. The concept was to increase the
standard trial size from a sum of 200 bits to a sum of 2,000,000 bits. If the effect
was a direct alteration of binary probability, then increasing the number of bits per
experiment by 104, while keeping all other parameters of the experiment constant,
should increase the statistical yield one hundredfold. Several alternative models
of the nature of the anomalous REG effect were considered as well, each of which
predicted a different effect size for this change in bit density.

In order to accomplish this major increase in the number of bits processed
while still presenting the trials to the operator at the same rate as in earlier
experiments, a high-speed noise source unique to this experiment was
developed, as described in detail in Ibison (1998). To ensure that the subjective
participation of operators was changed as little as possible, the user interface for
the data-collection program was unaltered from earlier REG experiments. As
before, trials were collected and presented to the operator at a pace of about one
per second. In any given experimental series, the operator had the option of (a)
seeing the numerical trial value, (b) seeing a graphical cumulative-deviation
trace, or (c) seeing no feedback at all until the end of the run.

To control for possible psychological differences in the operators’ mental state
induced by the awareness of a different experiment and/or by feedback with
numerically large trial values (mean value 1,000,000 instead of 100), MegaREG
was designed to generate both the new, 2-million-bit trials, and 200-bit trials
comparable to those of earlier experiments. These were presented in
indistinguishable formats, as detailed below, in a randomized order, to prevent
any possibility of non-anomalous awareness by the operators of which trial type

Fig. 1. Original REG investigations of bit rate effects.
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currently was being processed. This was a ‘‘double-blind’’ randomization in that
the experimenters, no less than the operators, remained uninformed about the
source of each trial until the minimum designed database size had been
accumulated. The unblinding of the experimenters by the analysis of the initial
data defined the endpoint of the original experiment.

The same noise source was used for both types of trials. In each, two million
bits were collected and processed. In the ‘‘high-density’’ trials, all bits were
summed to create the raw trial value, a random integer with a theoretical mean of
1,000,000 and standard deviation 707.1. In the ‘‘low-density’’ trials, only every
ten-thousandth bit of the set of 2 million was used for the sum. (The ‘‘low-
density’’ nomenclature was chosen because of the fact that the source still ran at its
full sampling rate, but only a few of the samples were actually used as data.
However, the use of every ten-thousandth sample had the effect of temporally
spacing all of the samples actually used as though they had been taken at a 1-kHz
sampling rate, so that the ‘‘low-density’’ mode just as validly could be considered
a ‘‘low-speed’’ mode.) The resulting low-density trial value was a random integer
with theoretical mean 100 and standard deviation 7.071. Low-density and high-
density trials were interspersed, in a pseudorandom pattern, in each ‘‘run’’ of the
experiment as defined below.

To maintain the indistinguishability of the two trial types, a ‘‘normalized’’
value for the high-density trials was computed. If t was the original trial value,
the normalized value was given by 0.01 3 (t� 1000000)þ 100; that is, the mean
value was subtracted out, the resulting difference divided by 100 to reproduce
the standard deviation of the low-density data, the low-density mean of 100 was
added back, and the result rounded to the nearest integer. Thus, under the null
hypothesis of no effect, the normalized value of a high-density trial should have
had exactly the same distribution as a low-density trial: mean 100, standard
deviation 7.071.

In all other respects, the MegaREG experiment followed the same protocol as
other contemporaneous REG experiments: each ‘‘series’’ comprised 1000 trials
in each of the three intentional conditions: high, baseline, and low. Trials were
collected in ‘‘runs’’ of continuous data generation, which, according to the
operator’s preference at the start of the series, could be either 1000 trials, in
which case the whole series would comprise just one run in each intention, or
100 trials, in which case the series would require 30 runs, 10 in each intention.
The pseudorandom lookup table that governed the interspersal of high and low
densities guaranteed exactly 500 trials of each type in a 1000-trial run; it did not,
however, maintain this exact balance in individual 100-trial runs. Hence the
counts of individual high- and low-density trials in this experiment was not
exactly divisible by 500 in each intention.

In the formulae and data tables to follow, the high-density data are presented
and analyzed as the normalized trial values, rather than as raw data values, for two
reasons. First, with both types of trial value reduced to the same range, the same
algorithms and tests can be applied to both. Second, the normalization process has
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no impact on the statistical yield of a given anomalous mean shift, and this
statistical yield is the primary variable of interest (see Appendix). Since the
statistical yield per trial is identical whether one uses the original raw trial values
or their normalized forms, the convenience of using the normalized values
becomes the deciding argument.

Besides the bitwise probability model for the REG anomaly, other models with
different scaling properties were also deployed as possible predictions for the
MegaREG outcome. They are not recounted in detail because they all have been
rendered moot, i.e., the initial experimental result refuted all of the proposed
theories (including the null hypothesis of no effect). As reported in Ibison (1997,
1998), the low-density data produced an effect comparable in magnitude to that of
earlier REG experiments, though not statistically significant due to the relatively
small database. In contrast, the high-density data departed from chance
expectation by more than 3r, but in a direction contrary to the stated intention
of the operators. Such a change of sign cannot be represented as a scaling effect,
regardless of the model.

After the initial unblinding, data collection was left open for any operators
who wished to generate data, and additional data generated in 1996 after the
unblinding were included in the analyses and presentations of Ibison (1997,
1998). In hopes of understanding these curious results, a substantial replication
database was generated in 1998 and 1999. The data from these three phases of
data collection (original experiment as designed, post-unblinding period, and
formal replication period) are the basis of the following discussion.

Analysis Variables

The high-speed data source used for both high- and low-density data is
somewhat less stable than the older REG sources, and its output departs from the
theoretical binomial distribution for trials. Hence, the actual source statistics
must be determined empirically, so parametric statistics must be computed as
Student’s T-scores, based on the empirical standard deviation. Degrees of
freedom (d.f.) are not reported explicitly for most results, since these are in the
range 104 to 105; in this regime the T-distribution differs negligibly from the
standard normal distribution, and p-values and confidence intervals can be
computed from the latter without appreciable inaccuracy.

As a further safeguard against the lack of a sound theoretical distribution for
the MegaREG source, we depart from PEAR’s traditional presentation and
analysis of the data in terms of the independent outcomes of the three intentions.
Instead, we use two independent measures, which can be constructed from the
three intentional datasets, and are provably immune to most of the artifacts that
might arise from an unknown source distribution. Although there are many ways
to construct two such independent measures from three raw data sources, their
formulae are completely determined by adding two further constraints: each
measure should have expectation 0 under the null hypothesis of no intentional
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effect, and each should have the same standard deviation or standard error as the
measurements from which it is computed.

Let h, l, and b denote one experimental outcome in each of the three intentions
high, low, and baseline, respectively. Let each of these outcomes have
a statistical observation uncertainty rh, rl, rb, respectively. Then the two
measures,

D[
h� lffiffiffi

2
p ; A[

hþ l� 2bffiffiffi
6
p ð1Þ

each have expectation 0, and their variances are

r2ðDÞ ¼ r2
h þ r2

l

2
; r2ðAÞ ¼ r2

h þ r2
l þ 4r2

b

6
: ð2Þ

The symbols for these measures are chosen mnemonically. D is the delta-effect,
the difference between the oppositely directed active intentional conditions. A is
the asymmetry, the difference between the passive baseline and the two active
intentions.

In addition to having well-defined distributions regardless of possible source
irregularities, D and A are mutually independent, or at least uncorrelated. The
proofs of these useful properties are given in the Appendix, along with empirical
data regarding the validity of the mathematical assumptions used, and the
combination formulae for calculatingD andA properly (i.e., in a manner immune
to secular drift) in composite databases.

Experimental Results

[A series-by-series report of the raw data is available in the Appendices to
Dobyns et al. (2002).]

As mentioned, there is some ambiguity in the exact boundary between the
original and replication databases. Originally, the unblinding date (2 August
1996) was taken as the close of the initial experiment. Prior to unblinding, the
identity of specific trials as high- or low-density had been as unknown to the
experimenters as to the operators, and this was considered an important aspect of
the experimental protocol. Nevertheless, the experiment was left open to
operators who wished to contribute data, and three such volunteers generated six
more series after the unblinding. These were included in the database reported
by Ibison in 1997 and 1998. Therefore, on the basis of prior publication, these
late data are part of the original experiment, whereas on the basis of protocol,
they are part of the replication, conducted after the experimenters had
discovered the peculiar contrast between high-density and low-density data.

Since the amount of data involved is small compared to those databases that are
unambiguously part of the replication or of the original experiment, this issue of
definitions might seem pedantic. Unfortunately, the late-1996 data contain such
large effects that they have a disproportionate influence on any subset in which
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they are included. The choice of including them in the replication or in the original
database thus has a substantial impact on the statistical relationship between the
two. Given this fact, and the arguments above for distinguishing the late-1996
data both from the original experiment and from the later replication, the
responsible course is to report the total experiment in three subdivisions: the data
generated prior to the 2 August 1996 unblinding; the post-unblinding data
generated later in 1996; and the formal replication effort of 1998 and 1999.

Table 1 presents the results of the MegaREG experiment in all three phases.
Figure 2 displays the overallD andA values, with associated uncertainties, for the
high- and low-density data in each of the three phases. In Figure 2,D is plotted on
the horizontal axis (labeled ‘‘Differential Effect’’), while A is plotted on the
vertical axis (labeled ‘‘Asymmetry’’). Error bars (1r) are presented along both
axes. The error bars on the low-density data are marked with arrowheads, while
the error bars on the high-density data are marked with terminal crossbars.

Table 1 includes only 59 series in the original MegaREG database, whereas the
previous publications on this database (Ibison, 1997, 1998) list 70 series. The

TABLE 1
MegaREG Experimental Phases

Density Delta-effect (D) T(D) Asymmetry T(A)

Original experiment: 59 series
Low 0.0341 6 0.0404 0.8456 �0.0443 6 0.0404 �1.0948
High �0.1200 6 0.0403 �2.9802 �0.0195 6 0.0401 �0.4854

Post-unblinding data: 6 series
Low 0.2265 6 0.1251 1.8100 0.0841 6 0.1269 0.6628
High �0.3048 6 0.1254 �2.4302 0.0733 6 0.1250 0.5861

Replication experiment: 84 series
Low �0.0056 6 0.0329 �0.1713 0.0295 6 0.0329 0.8950
High �0.0679 6 0.0327 �2.0779 0.0375 6 0.0327 1.1464

Combined results: 149 series

Low 0.0189 6 0.0250 0.7546 0.0033 6 0.0250 0.1335
High �0.0971 6 0.0249 �3.9043 0.0170 6 0.0248 0.6865

Difference T-scores: original�replication

Td(Low) 0.7638 �1.4141
Td(High) �1.0033 �1.1007
Td(�D) 1.2492 NA

Original�post-unblinding

Td(Low) �1.4628 �0.9641
Td(High) 1.4033 �0.7063
TD(�D) �2.0266 NA

Post-unblinding�replication

Td(Low) 1.7941 0.4167
Td(High) �1.8276 0.2769
TD(�D) 2.5609 NA
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discrepancy has two sources. One is the separation of the six post-unblinding
series from the original database. In addition, five series run in late 1995 as pilot
tests, before the hardware design was finalized, were included in the earlier
analysis although they properly should not be considered part of the formal
database. The removal of these 11 series does not produce any qualitative change
in the results of the original database.

The difference T-scores in the last section of Table 1 are calculated according
to the formula:

Td ¼
m1 � m2ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

r2
1 þ r2

2

p ; ð3Þ

Fig. 2. MegaREG experimental phases.
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where m1 and m2 denote two measured values with observation uncertainties r1

and r2. In general we do not have a directed hypothesis for Td, so its sign is
irrelevant but any p-values obtained for it must be two-tailed.

In interpreting Table 1, we first note that the asymmetry parameter A seems to
show only chance behavior. None of its direct T-scores are significant, in either
density, nor are there significant differences between experimental phases. In
contrast, for D, each of the three phases has a negative value in the high density
that is independently significant by a two-tailed, p ¼ 0.05 criterion (jTj .

1.96). The low-density data show nonsignificant positive results in the original
experiment and the post-unblinding phase, and a nonsignificant negative result in
the replication.

The difference T-scores in the lower part of Table 1 show no p , 0.05 difference
for either data density between any two experiment phases. However, this section
adds another parameter. The difference between low-density � and high-density
�, in any given phase, produces an observable quantity which we may call �D,
expressing the change in performance between the two densities. The �D rows in
the last section then give the difference scores Td for �D between the indicated
experimental phases. Note that the quantity on lines labeled Td(�D) is thus a third-
order difference on the raw data:D is intrinsically a difference comparing high and
low intentions; �D is the difference betweenD in the high and low data densities;
and Td(�D) is a difference between �D in two phases of the experiment.

While Td(�D) between the original and replication data is well within the
range of normal chance variation, the post-unblinding phase does differ
significantly from both of the other phases, at p ¼ 0.043 for the original and p ¼
0.010 for the replication (both p-values 2-tailed). Thus, while neither the high-
density nor the low-density conditions differ individually between any two of the
three experimental phases, the post-unblinding phase becomes statistically
distinguishable from both the original and the replication phases when the split
between low- and high-density data is examined. This is due to the combination
of increased D in low-density and decreased D in high-density, though neither
change is significant by itself. The original and replication phases, on the other
hand, remain statistically indistinguishable, even in the �D parameter.

Since the original and replication data are statistically indistinguishable on
every measure, it is safe to pool them for the subsidiary analyses to be conducted
later. The status of the post-unblinding subset is more problematic. It is
distinguishable from the rest of the data on one parameter, �D, but only on that
parameter. It is a very small database, and 5 of its 6 series were generated by
operators who did not participate in either of the other phases of the experiment.
Although one might argue that the disparate post-unblinding subset should be
discarded as an outlier, it seems safer to include it in the experimental data, at least
provisionally. The fact that it is dominated by operators not appearing elsewhere
in the experiment suggests that its peculiarities may be driven by idiosyncratic
properties of those operators. If so, exclusion of these data would lead to
inaccurate interpretations of the range of operator performances.
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As the ‘‘Combined Results’’ in Table 1 illustrate, when all data are pooled, the
counter-intentional result in the high-density D achieves a T-score of �3.9043
(p ¼ 9.4 3 10�5, 2-tailed).

Subsidiary Analyses

Aside from the ‘‘bottom line’’ results presented in Table 1 and Figure 2, we may
hope for some illumination into the nature of the phenomenon to emerge from
more detailed analysis. As with most PEAR experiments, a number of secondary
parameters were examined along with the primary intentional variable. In
addition, prior experimental experience strongly suggests that different operators
may produce different results, whether as idiosyncratic individuals or as members
of subgroups with shared properties (Dunne, 1991, 1998; Jahn et al., 1991, 1997;
Nelson et al., 2000). In pursuing the following analyses, we use data pooled across
all experimental phases.

Individual Operators

[Full data on individual operator performances can be found in the
Appendices of Dobyns et al. (2002).]

Figure 3 presents a scatter plot showing all of the individual operator
performances. Low-density data are presented with open circles, high-density
with filled circles; to improve visibility, the error bars have been omitted. Note
that the scale of Figure 3 has been expanded, compared to Figure 2, to
accommodate the wide dispersion of individual results. (The appearance of only
23 low-density datasets is due to an overlap: the open circle for one operator’s
low-density data [D ¼ �0.0042, A ¼ 0.0678] is invisible behind another
operator’s high-density data [D ¼�0.0032, A ¼ 0.0676].)

In the low-density data, the individual operator performances show a slight,
nonsignificant bias toward positive D, with 14 of 24 having D . 0. In the high-
density data, 20 of the 24 operators show D, 0; this population imbalance itself
is improbable with p ¼ 0.003, 2-tailed. (A further Bonferroni correction for the
fact that such an imbalance might have appeared in either density condition yields
p ¼ 0.006, still highly significant.) The fact that most operators have negative D
suggests that the reversal of intentional effect in the MegaREG database is
a broadly distributed phenomenon among the operator population, rather than
being driven by a few exceptional operators.

The wide scatter of the individual operator databases in Figure 3, relative to
the overall summaries of Figure 2, is due in part to the smaller size, and hence
reduced statistical resolution, of the individual databases. It is important to know,
however, whether the actual amount of scatter is statistically distinguishable from
that expected for normal random variation given the database sizes. The amount
of variation among operators can be calculated by computing a v2 value for the
departure of the various operators from the collective mean. If there are N
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operators, and the ith operator’s database has mean mi with standard error ri, and if
the composite mean for all operators is m, then

v2 ¼
XN

i¼1

mi � m

ri

� �2

ð4Þ

is distributed as a v2 with N� 1 d.f., under the null hypothesis that all operators
have an identical effect on the data and the differences between operators are
due to random variation.

Table 2 gives the inter-operator v2 values as computed from Eq. 4. The
p-values given are upper-tail, describing the null-hypothesis likelihood of a larger
v2. Since we would, however, find suppressed variation equally as interesting as

Fig. 3. Individual operator performances in MegaREG.
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excess variation, for a 5% criterion we should look for either p , .025 or p . .975.
It is evident that none such appear. Thus, any idiosyncratic individual variation
among operators is too small for detection within the available statistical
resolution.

Operator Populations

Rather than varying individually and idiosyncratically, operator perfor-
mances may be divisible into two (or more) distinct populations. Because of the
larger databases, a difference between two populations may be more readily
detectable when the data from operators in each population are pooled, even
though the individual-operator v2 measures do not show detectable increases in
the overall dispersion of operator performances. One operator-distinguishing
parameter that has proven to be important in many other experiments is operator
gender (Dunne, 1998). Examining gender forces us to examine operator plurality
as well. Some ‘‘operators’’ are actually pairs of operators working together
(Dunne, 1991). This co-operator subgroup is treated here as a third ‘‘gender,’’
since all pairs consisted of one male and one female operator.

Figure 4 illustrates the results of dividing the MegaREG data into the three
gender-based sub-populations: females, males, and co-operators. There are
evident differences among the three populations, although the error bars make it
clear that these may not be significant. Most striking is the fact that the inverted
intentional effect in the high-density condition is almost twice as large for males
as for females, and twice as large again for the co-operators. (This last result,
though not statistically robust due to the large uncertainties, is consistent with
earlier findings regarding co-operator pairs [Dunne, 1991].)

Another division that may have greater explanatory power was intended to
test the possibility that the differences between MegaREG and earlier REG
experiments were due to the differences in the operator pool. Specifically, the
MegaREG operator population was subdivided into those operators with
previous REG experience, and those operators whose first experience of REG-
class experiments was MegaREG. Figure 5 displays D and A for these two
populations of ‘‘previously experienced’’ and ‘‘new’’ operators, with the original
REG200 results shown as a comparison benchmark. We may note in passing that
the negative result in high-density data cannot be explained entirely by the
change in operator pool, since both sets of high-density data remain individually

TABLE 2
Inter-Operator Variability

Density d.f. v2(D) p v2(A) p

Low 23 16.897 0.814 14.504 0.912
High 23 27.885 0.220 26.717 0.268
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incompatible with the REG200 data. Of considerably greater interest, though, is
the tremendous difference in performance between the experienced operators
and the new operators.

It is evident in both Figures 4 and 5 that, just as in the whole-experiment
summaries, A is showing no detectable deviation from chance behavior. The
statistical status of D in these figures is not so obvious from inspection, so Table
3 presents the D values for Figures 4 and 5 numerically. In addition to the value
of D in low- and high-density, the �D parameter for the split between densities
is reported. Table 3 also gives a v2 value for the differences among the three
operator populations segregated by gender and number, and a Td value for the
two populations segregated by experience. The v2 values, which have 2 d.f.,

Fig. 4. Data from operator gender/number subgroups.
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Fig. 5. New and experienced operators, with REG200 comparison.

TABLE 3
Operator Sub-Populations

Operator type Nops Nser Low-density D High-density D �D

Females 7 61 �0.0062 6 0.0391 �0.0604 6 0.0388 0.0541 6 0.0550
Males 12 81 0.0313 6 0.0340 �0.1128 6 0.0339 0.1441 6 0.0480
Co-op pairs 5 7 0.0901 6 0.1116 �0.2315 6 0.1116 0.3216 6 0.1578
Difference v2 (p) 0.9542 (0.621) 2.5626 (0.278) 3034 (0.192)
Experienced 11 110 �0.0109 6 0.0290 �0.0664 6 0.0289 0.0555 6 0.0409
New 13 39 0.1044 6 0.0492 �0.1850 6 0.0489 0.2894 6 0.0693
Td (p), Exp � New �2.0182 (0.043) 2.0987 (0.036) �2.9045 (0.0037)
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indicate that despite the apparent scale of the differences between operator
genders, their statistical significance cannot be confirmed. (Neither do any of the
individual Td values between pairs of operator types attain a p , 0.05
discrimination.) In contrast, the difference between experienced and new
operators is independently significant in each data density at a two-tailed
p , 0.05 level, and achieves p ¼ 0.0037 (2-tailed) in the �D condition. Despite
the impressive difference between the two populations, Table 3 also confirms
that the negative value of high-density D is a statistically robust feature of both;
while the new operators have almost triple the negative effect of the experienced
operators (D ¼ �0.1850 vs. D ¼ �0.0664), the latter’s performance is still
independently significant with T ¼ (�0.0664/0.0289) ¼ �2.2975 (p ¼ .022).

The results of Table 3 suggest that the apparent differences among
experimental phases seen in Table 1 and Figure 2 are, in all likelihood, driven
mostly by the operator-experience variable. In the original experiment, the 59
series were almost evenly contributed by both operator types: 31 series were
generated by experienced operators, 28 by new operators. In the post-unblinding
period, with its much larger effects, 5 of the 6 series were generated by new
operators. In the replication phase, with its smaller effects and much smaller �D,
78 of the 84 series were generated by experienced operators, and only six by new
operators.

In the discussion of Figure 3, we noted that individual operator
performances showed a statistically significant preference for D , 0 in high-
density data. Table 4 examines this individual-operator measure within the sub-
populations of Table 3. The columns labeled NþjN� give the number of operators
with positive and negative D, respectively, in the high- and low-density data.
The most salient feature of this dissection is the consistent tendency for
individuals to have negative D across all categories of gender and experience in
the high-density data.

Secondary Parameters

A variety of protocol parameters could be adjusted to suit the operator’s
preferences and comfort, and these were examined as secondary independent
variables, in hope that their impact or lack thereof on the experimental results

TABLE 4
Individuals within Populations

Operator type Nops Nþ jN�, low-density Nþ jN�, high-density

All 24 14 j 10 4 j 20
Female 7 4 j 3 1 j 6
Male 12 8 j 4 2 j 10
Co-op 5 2 j 3 1 j 4
Experienced 11 5 j 6 2 j 9
New 13 9 j 4 2 j 11
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might convey some insight into the nature of the anomaly. Four sets of
secondary parameter variations were used in MegaREG. The assignment of
intention to individual runs could be volitional (operator chooses whether the
next run will be high, low, or baseline, within the constraints of an overall
balanced design), or instructed (choice was made automatically by the program,
using a pseudorandom procedure). The control of trial generation within runs
could be automatic (trials were generated sequentially by the program until the
run is complete) or manual (after each trial, the program waited for an operator
keypress before generating the next). The feedback to the operator could be
graphic (cumulative deviation trace drawn on the screen), digital (screen
presented current trial value and running mean numerically), or nonexistent
(screen presented only the number of trials generated, with no information
concerning results). Finally, the runs themselves could be short (100 trials, so
a series consisted of 10 runs in each intention), or long (1000 trials, so a series
consisted of 1 run in each intention). The results for these data subdivisions are
presented in Table 5. Once again only D is presented; although neither variable
shows statistically robust distinctions in any parameter, there are some
suggestive trends approaching significance in D, while A shows no noteworthy
activity.

For D as presented in the table, there apparently is also no discernible
sensitivity to the assignment mode. Volitional and instructed data are
statistically indistinguishable in every aspect. In contrast, the negative high-
density D value is strikingly enhanced in the manual-control data, with an
apparent effect size almost three times as large as the automatic-control data.
This difference is not statistically significant, however, due to the small size of
the manual database.

The third section of Table 5 suggests that the reversed intentional effect,
and the difference between the two data densities, vanishes almost entirely in the
digital-feedback data; is considerably stronger in the graphic-feedback mode
that comprises the bulk of the database; and is strongest of all when feedback is
entirely removed. However, the complete non-significance of the v2 measures
for inter-dataset variability make it doubtful that these apparent variations
comprise a genuine pattern.

The final part of Table 5 indicates that short runs show larger positive
effects in low density, and larger negative effects in high density. Although these
differences are slightly short of statistical significance, they are suggestive in
that several earlier REG experiments have observed the same pattern of non-
significant enhancement effects in shorter runs (Jahn et al., 2000; Nelson et al.,
2000). (A meta-analytic Stouffer Z-score combining the current result with those
presented in the two foregoing references achieves a significant value of 2.094.)

In summary, despite some suggestive variations, none of the secondary
parameters show clearly resolved, statistically unambiguous effects on the data.
Thus, the main indications of the subsidiary analyses are:
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� The negative effect in high-density data is broadly distributed in the
operator population, and cannot be attributed to a subset of peculiar or
idiosyncratic operators.

� Neither is this effect attributable to the change in operator pool from earlier
REG experiments, since it is present and statistically significant both in
operators with previous REG experience, and in operators whose
participation in MegaREG was their first exposure to this class of
experiments.

� The effect is, however, much larger in the data contributed by new
operators, to a statistically significant degree.

� While there are tentative indications that some secondary parameters may
affect the experimental performance, any such effects are below the
threshold for confident statistical detection in these data.

Parallel Results: The ‘‘MegaMega’’ Experiment

A separate experiment exploring high data rates was undertaken concurrently
with the replication phase of MegaREG. This experiment was identical to
MegaREG in all regards except one: all data were normalized high-density data.
No low-density data were collected, so there was no double-blind interspersal of
two data types. This experiment, dubbed ‘‘MegaMega,’’ thus directly addressed
the impact of this double-blinding on the MegaREG result. The results for this
experiment are summarized in Table 6 and Figure 6.

Figure 6 displays the MegaMega results, along with the MegaREG overall
results in both densities and those of the original REG200 experiment, which
corresponds to MegaREG low density. Table 6 reports the overall results of
MegaMega, and the breakdowns by various subsets. Since the database is
considerably smaller than the MegaREG database, comprising only 39 series,
statistical uncertainties are appreciably larger. An immediately striking result is

TABLE 5
Secondary Parameter Comparisons

Parameter Nser Low-density D High-density D �D

Instructed 73 �0.0006 6 0.0359 �0.0870 6 0.0357 0.0864 6 0.0506
Volitional 76 0.0372 6 0.0348 �0.1067 6 0.0347 0.1440 6 0.0492
Td and p(T) �0.7569 (0.449) 0.3971 (0.691) �0.8166 (0.414)
Automatic 138 0.0200 6 0.0259 �0.0861 6 0.0258 0.1060 6 0.0366
Manual 11 0.0044 6 0.0938 �0.2467 6 0.0948 0.2511 6 0.1334
Td and p(T) 0.1594 (0.873) 1.6347 (0.102) �1.0492 (0.294)
Graphic 110 0.0220 6 0.0289 �0.1044 6 0.0287 0.1264 6 0.0408
Digital 27 �0.0199 6 0.0595 �0.0457 6 0.0593 0.0258 6 0.0841
No-feedback 12 0.0771 6 0.0903 �0.1443 6 0.0905 0.2214 6 0.1278
v2 (pv) 0.8516 (0.653) 1.0876 (0.581) 1.8969 (0.387)
Short runs 56 0.0384 6 0.0413 �0.1549 6 0.0412 0.1933 6 0.0583
Long runs 93 0.0076 6 0.0314 �0.0639 6 0.0312 0.0715 6 0.0443
Td and p(T) 0.5925 (0.554) �1.7626 (0.078) 1.6634 (0.096)
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the emergence of a significant overall asymmetry parameter A in the total
database. Since A does not come close to statistical significance in any phase of
MegaREG (Table 1), this must be classified as a departure from MegaREG
behavior. The breakdown by operator types indicates that this asymmetry is
driven entirely by female operators, and does not seem to be affected by
previous experience.

Since the only difference between MegaMega and MegaREG is the double-
blind interspersal of low-density data in the latter, this asymmetry would seem to
be attributable to the simpler technical design of the former. It is also suggestive
that the asymmetry appears to be driven by female operators, insofar as
a tendency for asymmetric performance by females has been noted in other
experiments (Dunne, 1998). If indeed this sort of asymmetry is a characteristic
female pattern, one might speculate that the double-blind, interspersed data
generation of MegaREG may have caused it to be suppressed.

In D, the net effect for MegaMega (�0.0510 6 0.0345) is quite close to that
seen in the high-density data of the concurrent MegaREG replication database
(�0.0679 6 0.0327), and is not statistically distinguishable from the high-density
D for MegaREG as a whole (�0.0971 6 0.0249; difference Td ¼ 0.6863).
Moreover, as Table 6 shows, the pattern of negative D by operator category is the
same in MegaMega as in high-density MegaREG; i.e., the effect is somewhat
stronger for male operators than females, and is overwhelmingly driven by new
operators as distinct from previously experienced operators.

In terms of D, then, MegaMega appears to be a successful replication, in the
sense that it shows the same effects and the same internal pattern of effects as the
high-density data from MegaREG. The implications of this similarity will be
addressed further in the Discussion. If we consider the indistinguishability of
the results to justify pooling of the data, MegaMega brings the combined
high-density database to an effect of D ¼ �0.0813 6 0.0202, T ¼ �4.0272,
p ¼ 5.65 3 10�5, 2-tailed.

Relation to REG200

Figure 6 also displays the REG200 result for comparison with the

TABLE 6
MegaMega Results

Data subset Nop Nser D T(D) A T(A)

All data 11 39 �0.0510 6 0.0345 �1.4779 0.0753 6 0.0345 2.1809

Operator categories

Experienced 7 29 �0.0287 6 0.0401 �0.7161 0.0730 6 0.0402 1.8185
New 4 10 �0.1146 6 0.0678 �1.6910 0.0819 6 0.0677 1.2092
Female 5 22 �0.0381 6 0.0466 �0.8190 0.1300 6 0.0465 2.7946
Male 6 17 �0.0669 6 0.0515 �1.2979 0.0082 6 0.0515 0.1592
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MegaREG and MegaMega results, in the same D, A analysis variables. Like
most MegaREG datasets, REG200 has an overall A indistinguishable from
0 (A ¼�0.0067 6 0.0078). Its intentional effect is D ¼ 0.0294 6 0.0077. This
is statistically indistinguishable from the low-density D, as is evident from the
figure; using the value 0.0189 6 0.0250 from Table 1, we obtain Td ¼ 0.402.
The relatively large uncertainty in the low-density MegaREG result means,
however, that while indistinguishable from REG200 it is also indistinguishable
from zero; although in some sense the ‘‘least hypothesis’’ is that it should show
the same effect size as the preceding experiment, this is not strongly favored
over the hypothesis that it shows no effect at all.

The anti-intentional effect in high-density data is both highly significant

Fig. 6. MegaREG, MegaMega, and REG200.
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and clearly distinct from the intentional effect in REG200. The cause of the sign
reversal remains a mystery, but the scale of the effect is clearly larger. The
absolute value of the pooled MegaREG and MegaMega effect is jDj ¼ 0.0813 6

0.0202, some 2.77 6 0.69 times as large as the REG200 effect, with Td ¼ 2.401
(p ¼ 0.016, 2-tailed) for the difference in absolute magnitudes. The change in
the bitwise effect can be extracted from the D effect by recalling that the ten-
thousandfold increase in bits per trial mandates a hundredfold increase in
statistical yield per trial, if �p is held constant. Therefore the effect per bit in
high-density data is (2.77/100) ¼ 0.0277 times the REG200 bitwise effect size,
with Td ¼ 3.711 (p ¼ 2 3 10�4, 2-tailed) for the difference between the two. The
salient features of raising the bit count per trial from two hundred to two million
thus seem to be (a) an inversion of the sign of the effect, (b) an approximately
threefold increase in statistical yield per trial, and (c) an approximately thirtyfold
decrease in statistical yield per bit, with all three relations being statistically
well-established.

Discussion

Before the outcome of the original MegaREG experiment was known, the
anticipatory theoretical efforts deployed for its interpretation involved various
models for the expected scaling of the effect between low-density data, which
corresponded to the vast majority of pre-existing PEAR REG data, and the high-
density data with 104 times as many bits per trial. The simple model (Dobyns,
2000; Jahn et al., 1997), which presumes that REG anomalies are due to a change
in the probability of elementary binary events, predicts that the high-density data
should have 100 times the statistical leverage of the low-density data. Various
other models also were considered a priori, as detailed in Ibison (1997, 1998).

Unfortunately, the reversal of effect (D , 0) in the high-density data refutes
all of the proposed models, since none can accommodate a change of sign. On
the other hand, the effect seen in the high-density data is sufficiently robust
(p ¼ 5.65 3 10�5) to render the null hypothesis untenable. All proposed models,
including the null hypothesis, having been refuted, what then are the options for
interpreting these data?

Some consideration not included in previous models must account for the
reversal in sign. Ibison (1997, 1998) focuses theoretical interpretation on the
‘‘source-independence’’ theory promulgated by Schmidt, among others
(Schmidt, 1974). It may indeed be the case that the difference between
MegaREG and previous REG experiments resides in their noise sources. It is
premature, however, to call this the only explanation available, or conclude that
this experiment has addressed definitively the question of source independence.
From ‘‘Combined Results’’ in Table 1 we see that the high-density data are not
only statistically distinct from the chance expectation of 0, but also quite distinct
from the low-density data generated on the same source: the difference is
Td ¼ 3.29 (p ¼ 0.001, 2-tailed). (Including the MegaMega data changes the
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value slightly but not the conclusion: Td ¼ 3.12, p ¼ 0.002.) If the D , 0 effect
in the high-density data is due to the different noise source, we must come to
terms somehow with the fact that the same noise-generation hardware, using
a different mode for postprocessing the raw data, has become ‘‘different’’ in
terms of its anomalous performance. Another way to express the problem is that
we find a theoretically unbiased sample of 1 bit in every 10,000 to be showing
statistics completely incompatible with those of the parent noise stream from
which the sample is drawn.

This difficulty with source-dependence can be avoided only by adopting
a rather abstract notion of ‘‘source.’’ If one insists that the whole causal chain
connecting the raw physical noise to the final recorded data must be regarded as
the source, then the different postprocessing regimes qualify the high- and low-
density modes of the MegaREG source as distinct ‘‘sources’’ in this extended
sense of the term. While logically legitimate, this usage of ‘‘source’’ is somewhat
counterintuitive. For example, one would normally consider the MegaREG
‘‘source’’ to be the separately powered, physically isolated unit which
transmitted the raw bit-level signal to the experimental computer, but in
contrast this alternative view includes as part of the ‘‘source’’ those operations,
carried out entirely in software by the main computer, which distinguish a high-
density trial from a low-density trial.

Setting aside source dependence, the following subsections outline some of
the other explanations that have been considered seriously for the reversal of
intentional effects in the high-density data.

Statistical Fluke

There was some initial concern that the odd result in the first MegaREG
database somehow might be an artifact of inadequate data collection, despite the
database having achieved its designed size. Moreover, the fact that the result was
contrary to intention, while the initial models had presumed an intentional effect
and had deployed one-tailed tests for its detection, made any statistical
interpretation of the results problematic according to some schools of statistical
inference. Both of these concerns have been addressed by the collection of
a larger body of replication data that shows substantively the same pattern of
performance.

Change in Operator Pool

As noted in the discussion of operator sub-populations, a considerable
proportion of the MegaREG operator pool had no previous REG experience.
Specifically, of the 24 operators who participated in the MegaREG experiments,
only 11 had already participated in REG-type experiments. Thus, the difference
between MegaREG and earlier REG performances might be due to the different
population of contributing operators. Indeed, the results shown in Figure 5 and
Table 3 show that the new and the previously experienced operators are indeed
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very different populations. The difference between the high-density and low-
density data is over five times as large for the operators with no previous REG
experience. Interestingly, these new operators attain an independently significant
D in the direction of intention in the low-density data pooled across the entire
experiment (T ¼ 2.1220, p ¼ 0.017, 1-tailed). (Measuring success in direction of
intention is properly a one-tailed test.) It is, of course, impossible to determine
from the current database whether this difference between the experienced and
new operators arises simply because the new operators are a different set of
people, whose idiosyncratic patterns of performance are by happenstance
unusual relative to PEAR’s earlier operator pool, or if it is the result of
a systematic personal or psychological effect of having had previous REG
experience.

Regardless of the difference between new and previously experienced
operators, the operator-pool hypothesis is refuted by the fact that the experienced
operators’ high-density performance is independently significant (T ¼�2.2975,
p ¼ 0.022, 2-tailed) and significantly different from the REG benchmark effect
(Td ¼ �3.2027, p ¼ 0.001). Thus, operators who had participated in earlier
REG experiments produced a MegaREG result consistently different from their
earlier history. This may be due to some innate difference between the
MegaREG experiment and other REG experiments, or it may be that an
operator’s performance in one experiment cannot be used reliably to predict
performance in another. (Further evidence in support of this view is adduced in
Jahn et al., 2000, Table P.7, p. 538.)

Change in Task

MegaREG introduced a completely novel element to PEAR experiments by
interspersing two distinct types of data in a fashion to which both operators and
experimenters were blind. It was pointed out by several experimenters that this
fundamentally changed the nature of the experiment, in that we were attempting
to address two questions simultaneously: first, was there an anomalous effect;
and second, did it differ between the two data types? Some teleological or
observation-based models of anomalous phenomena would suggest that such
a change in the basic analysis mode of an experiment might, in itself, induce
a change in its outcome. As a subsidiary aspect of this issue, one also must note
that in any experiment involving consciousness-related anomalies, it may not be
possible to blind operators to an experimental condition by the mere absence of
conventional sensory access to that condition.

Subject to the caveats of its smaller size and limited resolution, MegaMega
shows that the double-blind interspersal is not the cause of the unexpected
MegaREG outcome. With respect to intention, the result of MegaMega is
indistinguishable from that of the high-density MegaREG data to which it
corresponds, despite the absence of any double-blind interspersal in the
MegaMega protocol. Whether or not MegaREG blinding was ‘‘successful’’ at
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the level of the operators’ unconscious where the potential for anomalies
presumably resides (Jahn & Dunne, 2001), it does not seem to have had any effect
on the experimental output, save perhaps in suppressing the non-intentional
asymmetry that has appeared for female operators in other experiments.

A related question is the role of the experimenter blinding, which of course
distinguishes the initial phase from the post-unblinding phase within MegaREG.
The consistency between original and replication data indicates that unblinding
the experimenters to the outcome did not have any major impact on the results.

Another consideration that falls under the category of ‘‘change in task’’ is
the additional processing involved in both the low-density and the high-density
trials. Of the two, the low-density trials are closer in concept and structure to the
existing REG design: the discarding of most intervening bits is functionally
equivalent to the temporally slower sampling used in the original REG
experiment. In the high-density trials, on the other hand, a full two million bits
were processed for each trial, but their collective outcome was then normalized
for presentation in the same format as the low-density trials. Whether the
difference between high-density and low-density outcomes arose from this
difference in processing paths, rather than from the blinding and interspersal per
se, is another ‘‘change in task’’ hypothesis that cannot be tested retrospectively.
MegaMega does not resolve this issue, since it employed the same processing
path as high-density MegaREG.

Processing Overload

Given the fact that the high-density data uniformly showed deviations
contrary to the operator’s intention, it is tempting to identify them as an actual
dysfunction of whatever process is involved in creating intentional anomalies.
The fact that this ‘‘dysfunction’’ is associated with an extremely high data rate
adds to the temptation, since inadequate speed of processing sensory input has
been implicated as a component in disorders ranging from schizophrenia to
dyslexia. In other words, the high-density data might be contrary to intention
simply because the operator’s faculty for producing anomalous effects, whatever
its nature, is overloaded by the tremendously high data rate, and rather than
simply failing to function, operates erroneously.

In considering this speculation, we once again should bear in mind that the
low-density MegaREG data are indistinguishable in their timing from the
sampling pattern of the original REG. While the source continued to generate
bits at the rate of 10 MHz, the low-density filtering operation accepted only
every ten-thousandth bit. The remaining bits simply were discarded, neither
presented to the operator nor recorded anywhere. From the operator’s point of
view, these discarded bits effectively did not exist. An operator presented with
a low-density trial was seeing the sum of 200 bits gathered at a rate of (10 MHz/
104 ¼ 1 kHz), exactly as in the earlier REG200 experiment. The contrast

The MegaREG Experiment 391



between low- and high-density is thus exactly what one would expect if the
intentional inversion is due to some form of processing overload.

A problem with this hypothesis is that the kilohertz sampling rate of the
original REG and of the low-density MegaREG data already is considerably
faster than most biological and neurological processes. Moreover, the REG2000
data show that reliable anomalous response is possible at bit rates of up to 10
kHz. It is not at all clear what physical or psychological capacities a human
being might have that can operate at 10 kHz but break down dysfunctionally at
10 MHz. On the other hand, despite its a priori implausibility, the processing
overload explanation at least has the virtue of being relatively easy to test. A
series of experiments deployed at intermediate data rates could localize and
verify a breakdown of intentional effort at a specific rate, if indeed this is the
cause of the MegaREG high-density inversion.

Change in Environment

It is reasonable to expect that psychological factors would be relevant to the
production of consciousness-related anomalies. Such factors include mode,
attitude, prior beliefs, and environmental ambience (Braud et al., 1995; Heath,
2000; Honorton & Barksdale, 1972; Polyani, 1983; White, 1976). Moreover, in
this field, the possibility of experimenter effects must be considered seriously; the
experimenter’s own mood, attitude, and approach are part of the environment in
which the operator generates data. While PEAR has striven to maintain
a conducive and supportive atmosphere for the generation of anomalous results
by operators, the history of the full range of REG experimentation suggests that
control over this important parameter has been less than perfect (Jahn et al., 2000).
Psychological environment is, of course, a highly subjective parameter that is
difficult even to specify systematically, much less to measure or control. Indeed,
some aspects of the psychological environment may be inherently beyond
experimental control. For example, an operator confronted with an REG
experiment (or any experience) for the tenth or perhaps the hundredth time surely
will not see it as fresh or novel, no matter what environment the experimenters
seek to arrange. This should be taken into account when considering the stark
contrast between new and previously experienced operators discussed above.

Nevertheless, some aspects of the MegaREG results are not plausibly
attributable to environmental influences. The tremendous split between the high-
and low-density performances appears between two classes of data generated by
the same operator, at the same time, under the same environmental conditions.
Since the conscious psychological situation does not differ between the two
conditions, it can hardly be responsible for the difference in outcomes.

Conclusions

The results of three phases of MegaREG, and the companion MegaMega
experiment, may be summarized as follows:
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1. The experiments displayed a real and replicable anomalous effect in which
the high-density data had an outcome contrary to intention.

2. This reversal with respect to intention refutes all straightforward scaling
models.

3. The absolute value of the MegaREG effect is approximately three times
(2.77 6 0.69) larger on a per-trial basis, and so approximately 30 times
smaller on a per-bit basis, than the REG200 effect.

4. A strong difference is found between performances of operators with and
without previous REG experience. Both the primary intentional effect in
each data density, and the difference between data densities, are much
larger for the inexperienced operators.

5. The change in operator pool cannot be the source of the effect reversal,
however, since both operator populations show it at a statistically
significant level.

6. The difference between the MegaREG source and earlier REG sources is
an implausible explanation for the difference between MegaREG and
earlier REG experiments, because the high-density and low-density data
generated on the same source also differ, and the low-density data are
consistent with earlier REG experiments.

7. The double-blind interspersal of two data types is not the cause of the
effect reversal.

8. Operator sensitivity to experimental task definition may be a possible
explanation. This may be due to the increased processing load inherent in
the higher data rate, or due to some aspect of the normalization process in
high-density data.

9. The psychological environment, and/or experimenter expectations, may
also be a factor in the overall production of a counter-intentional effect,
but probably is not capable of explaining the split between data-density
conditions.

Unfortunately, MegaREG is now a closed experiment. The noise source used has
since suffered electronics failure, and the labor-intensive nature of repairing and
maintaining the experiment renders impractical any effort to rehabilitate it at this
time. Nevertheless, the replication phase has verified, at least, that the reversal
phenomenon seen in the first phase was genuine, and that it is not sensitive to the
experimenters’ state of knowledge concerning the outcome. Further interpreta-
tion of this result remains elusive.
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Appendix: Mathematical Demonstrations

Yield Unaffected by Normalization

A raw MegaREG trial value is (under the null hypothesis) a normally
distributed random variable t with expectation hti ¼ 106 and standard deviation
r(t) ¼ 1000/�2 ¼ 707.107. Therefore the Z-score of such a trial is

ZðtÞ ¼ t � l
r
¼ t � 1000000

707:107
: ðA:1Þ

The normalization process produces a normalized trial value t9 ¼ 100 þ (t �
1000000)/100. This is referenced to the theoretical distribution for 200-bit trials,
l9 ¼ 100, r9 ¼ �50 ¼ 7.07107. The resulting Z-score is therefore

Zðt9Þ ¼ t9� 100

7:07107
¼ ðt � 1000000Þ=100

7:07107
¼ t � 1000000

707:107
¼ ZðtÞ: ðA:2Þ

Thus the Z-score of a normalized trial is the same as the Z-score of the cor-
responding raw trial. Statistical yield is unaffected by the normalization process.

Analysis Variable Derivations

Let the mean output level of the MegaREG source be l, with standard
deviation r. Let h, l, and b be the means of three samples of MegaREG output;
we make no assumption about the size of the samples. Let rh, rl, and rb be the
standard deviation of the source during each of the respective sampling periods;
while it would be convenient to assume that r, like l, is a constant of the
device’s operation we do not need this assumption. By hypothesis, hhi ¼ hli ¼
hbi ¼ l. By definition, r2

h ¼ hh
2i � hhi2 ¼ hh2i� l2; similar relations hold for l

and b. We add the assumption that the three sample outcomes are mutually
independent (hhli ¼ hhi hli and likewise for the other two possible
combinations).

We may now calculate directly the expected value and variance of the
analysis variables D and A. For D,

hDi ¼ h� lffiffiffi
2
p

� �
¼ l� lffiffiffi

2
p ¼ 0;

r2ðDÞ ¼ hD2i � hDi2 ¼ h2 � 2hlþ l2

2

� �
� 0 ¼ hh

2i þ hl2i � 2hhli
2

¼ hh
2i þ hl2i � 2hhihli

2
¼ r2

h þ l2 þ r2
l þ l2 � 2ll
2

¼ r2
h þ r2

l

2
: ðA:3Þ
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This establishes the relations of Equation 2 for D. An exactly analogous
derivation does the same for A; having shown the procedure involved we shall
not take the space to show the full derivation.

We wish also to show that D and A are uncorrelated; that is, that they have
zero covariance.

Covar½D;A� ¼ hDAi � hDihAi ¼ hðh� lÞðhþ l� 2bÞiffiffiffiffiffi
12
p

¼ ðhh
2i � hl2iÞ þ ðhhli � hhliÞ þ ðh2bli � h2bhiÞffiffiffiffiffi

12
p ¼ 0: ðA:4Þ

Secular Drift: Empirical and Theoretical Solutions

The primary reason for adopting the measures D and A is the possibility of
unknown departures from the theoretical distribution by the random source.
Since one of the possible concerns is instability, or secular drift, in the
distribution parameters, it seems obvious that the most reliable measures will be
those derived from a single session. If the mean of a particular intention (h, l, or
b) is the quantity being measured, the corresponding standard deviation (rh, rl,
or rb) is best estimated as the standard error calculated from the trial-level
standard deviation estimate: r ¼ s.e. ¼ s/�n.

For concatenations of more than a single series, the pooled estimates of the
mean and standard deviation in an intention could be contaminated by any
parameter drift that might have taken place. If drift within a series is negligible,
we may consider D and A to have expectation 0 when computed for a series (Eq.
A.3), and to have known standard deviations in a given series, calculated by Eq.
2 from the individual standard errors of the intentional data. If secular drift is
substantial within a series, however, the exact derivations showing hDi ¼ hAi ¼
0 are invalid. Nonetheless, we may test for the possible existence of such short-
term drift by examining the data within series. A change in the mean source
output level during a series can be detected (and distinguished from possible
intentional effects induced by the operator) by breaking the intentional data from
a series into arbitrary subsets, and testing for variation between the means of
these subsets in excess of variation expected on the basis of the trial-level
variance. For this test, each intention’s data were divided into ten segments. This
corresponds to the run structure for series using short runs, and using the same
number of segments in the series with long runs facilitates consistent evaluation
of the outcome. The result of the test for the presence of secular drift is thus a v2

with 9 d.f. for each intention. All three intentions were examined, although,
strictly speaking, only the baseline is a reasonable candidate for testing the
presence of short-term drift, since the active operator-intention effects might
show changes related to fatigue or other psychological responses. Also, the high-
density and low-density data were tested separately for drift, producing six v2

values for each series.
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The composite result of this test for the existence of within-series drift can
be computed by summing the v2 values across the 149 series of original and
replication data: the sum of 149 v2s, each with 9 d.f., is a single v2 with 1341 d.f.
Across the three intentions and two densities, these v2 values (and associated p-
values) are given in Table A. Even in the active intentions, none of these figures
attain statistical significance. We may conclude that any short-term secular drift
of the noise source taking place within individual series is too small for
statistical detection in this database and hence may be disregarded in the
subsequent analyses.

The data can be protected from longer-term secular drift effects between
series by calculating D and A at the series level, and combining these
parameters, rather than the raw data, when multi-series concatenations are
needed. The combination formulae for n values mi, i ¼ 1,. . .,n, with
corresponding standard error estimates si, are:

m ¼
Pn

i¼1 mi=s2
iPn

i¼1 1=s2
i

; r2½m� ¼ 1Pn
i¼1 1=S2

i

: ðA:5Þ
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Abstract—The failure of contemporary scientific theory to correlate and
explicate anomalous consciousness-related physical phenomena may trace to
inadequate comprehension of the process of information exchange between the
mind and its ultimate source. Elevation of the subjective capacities of conscious-
ness to complementary status with the more objective physical senses, along with
recognition of the bi-directional capabilities of both categories, allows estab-
lishment of resonant channels of communication between the mind and its source
environment that can exceed conventional expectations. In this manner, order can
be introduced into randomnicity, and self-consistent realities can be extracted
from transcendent chaos. The key elements in tuning these channels to amplify
such information creation are the physiological and psychological filters imposed
upon them, some of which can be enhanced or altered by conscious or uncon-
scious attention. Specifically, such attitudinal tactics as openness to alternative
perspectives, utilization of transdisciplinary metaphors, self-sacrificial reso-
nance, tolerance of uncertainty, and replacement of dualistic rigor by mental
complementarity can enable experiential realities that are responsive to intention,
desire, or need, to an extent consistent with prevailing empirical evidence.

Keywords: anomalies—complementarity—consciousness—environment—
filters—information—metaphors—mind—perspectives—reali-
ty—resonance—sensors—Source—uncertainty

Introduction

At birth, that tiny portion of the boundless, timeless spirit of all existence that
defines our personal identity takes residence for one mortal span in a physical
corpus we call the human body, which is given to us to experience, explore, and
influence a sensible surround we call the world. That corpus, like the spacecraft
and submersible vehicles with which we explore the physical environments of
space and sea, has locomotive and manipulative capacities, and is equipped with
an array of physiological sensors that can acquire specific forms of information
about the environment in which it is functioning. It also possesses a neurological
grid and control center, called the brain, which can be trained to interpret the
signals generated by these sensors, and to activate therefrom appropriate
responses. It is primarily via these channels of experience and response that we
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endeavor to infer, either intuitively or analytically, composite functional models
of our world and of ourselves on which to base our subsequent behavior.

The biophysical architectures and the neurological and biochemical processes
by which these sensors and channels execute their respective functions have
been broadly and deeply studied, and are sufficiently well understood that their
maintenance, protection, healing, and enhancement can be profitably practiced,
but considerably less insight has been achieved regarding their roles in
establishing the subjective qualities of life. It is well recognized that these
physiological sensors have limited ranges of sensitivity, and thus ignore major
segments of their corresponding stimulation spectra. Human eyes perceive only
the narrow band of electromagnetic radiation from 400 to 700 nanometers in
wavelength, and are oblivious to the much more extensive infrared and
ultraviolet domains that border it. Our ears respond only to a similarly narrow
range of acoustic frequencies, beyond which lie imperceptible infrasonic and
ultrasonic realms of the same form of physical oscillations. Our taste, smell, and
sense of touch likewise are sensitive only to tiny portions of their potential
physical or chemical informants. Whereas we have become technically adept at
artificially extending these ranges of information access via a host of optical,
electrical, and mechanical devices, our brains must then translate their outputs
into extrapolations of our physiological sensitivities to effectuate their utility.
We also have developed an armamentarium of equipment to amplify and refine
the incoming signals for both the natural and artificially extended sensory
capacities: telescopes, microscopes, hearing aids, photographic facilities, radio
and television technologies, seismographs, etc. While all serve to enhance our
experience of the physical world, here again our brains must execute additional
steps of recognition and logic if we are to benefit from them.

More salient to our thesis here, however, is the acknowledgment that other,
more subtle mechanisms for acquisition of information, such as intuition,
instinct, inspiration, and various other psychical modalities, also can enhance
the flux of incoming information. Although commonly experienced, these
channels involve less readily identifiable sensors and therefore are less
susceptible to orderly reasoning, and they are correspondingly less respected
and utilized in modern scientific practice, traditional education, and contem-
porary social activity. In the extreme materialistic view, this imbalance extends
to total dismissal of these subtler capacities, thus restricting experience to the
five primary sensory capabilities and their technological extensions alone.
Consequently, the inferred models of reality are limited to those substances,
processes, and sources of information that constitute conventional contemporary
science.

In this paper we ally ourselves with the sharply contrary position that there
exists a much deeper and more extensive source of reality, which is largely
insulated from direct human experience, representation, or even comprehension.
It is a domain that has long been posited and contemplated by metaphysicians
and theologians, Jungian and Jamesian psychologists, philosophers of science,
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and a few contemporary progressive theoretical physicists, all struggling to
grasp and to represent its essence and its function. A variety of provincial labels
have been applied, such as ‘‘Tao,’’ ‘‘Qi,’’ ‘‘prana,’’ ‘‘void,’’ ‘‘Akashic record,’’
‘‘Unus Mundi,’’ ‘‘unknowable substratum,’’ ‘‘terra incognita,’’ ‘‘archetypal
field,’’ ‘‘hidden order,’’ ‘‘aboriginal sensible muchness,’’ ‘‘implicate order,’’
‘‘zero-point vacuum,’’ ‘‘ontic (or ontological) level,’’ ‘‘undivided timeless
primordial reality,’’ among many others, none of which fully captures the
sublimely elusive nature of this domain. In earlier papers we called it the
‘‘subliminal seed regime,’’(2,3) but for our present purposes we shall henceforth
refer to it simply as the ‘‘Source.’’*

In similar spirit, we also reject the popular presumption that all modes of human
information processing are completely executed within the physiological brain,
and that all experiential sensations are epiphenomena of the biophysical and
biochemical states thereof. Rather, we shall regard the brain as a neurologically
localized utility that serves a much more extended ‘‘mind,’’ or ‘‘psyche,’’ or
‘‘consciousness’’ that far transcends the brain in its capacity, range, endurance, and
subtlety of operation, and that is far more sophisticated than a mere antenna
for information acquisition, or a silo for its storage. In fact, we shall contend that
it is the ultimate organizing principle of the universe, creating reality through
its ongoing dialogue with the unstructured potentiality of the Source. In short,
we subscribe to the assertion of Arthur Eddington nearly a century ago:

Not once in the dim past, but continuously, by conscious mind is the miracle of the
Creation wrought.(4)

By whatever names we label these two primary poles of the information
dialogue, it is our contention that the highly selective group of experiential
channels based in our five physiological senses allows only very limited
communication between them, so that via these narrow, cloudy windows in our
Source-faring capsule consciousness can obtain only petty glimpses of the grand
complexity and scope of its ultimate environment, and correspondingly petty
reflections of itself. Like the fabled blind men examining the elephant, our
experience of the world and of ourselves is severely circumscribed by our
observational inadequacies, yet it is on the basis of these shallow specifications
that we presume to construct correspondingly limited models of our environment
and of our cogent minds. Worse yet, these impoverished models, their concepts
and terminology, are then allowed to constrict further our channels of incoming
information, by constraining our experiential data, their interpretations, and our
responses, to conform to such authoritarian constructs of ‘‘reality’’ and
the expectations they engender. This composite dilution of experience we shall
henceforth refer to as ‘‘filters.’’ (Figure 1 displays one of several possible
geometrical representations of this conceptual situation.)

Beyond these major premises, we shall here offer three additional radical
propositions, which if better understood and implemented, could bring us toward
a more profound comprehension, representation, and utilization of this cosmic
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sea of existence in which our mortal Source-ship is traveling, and of its
navigating consciousness:

1. The subjective ‘‘soft’’ channels of information acquisition mentioned
above, severely neglected in contemporary science, should be elevated to
comparable status with the more commonly trusted, objective, ‘‘hard’’
channels of sight, sound, touch, taste, and smell.

2. Both categories of channels have ‘‘two-way’’ capabilities, i.e., they can
pass information into the Source, as well as extract information from it.
Thus, although the Source is heavily shrouded from consciousness, it
nonetheless may be influenced by it. Indeed, it may engage in a dynamic
dialogue with it.

3. The filters restricting both categories of channels and both directions of
information flux are not necessarily static or passive. Some are ‘‘tunable,’’
either autonomically or deliberately, to the extent that our prevailing

Fig. 1. Schematic cartoon of information exchange between Consciousness and its Source: On the
left, physiological sensory channels, conditioned by various physical, psychological, and
cultural filters, acquire limited information from the Source, and transmit it to the
Consciousness for organization into palpable experience and reaction thereto. On the right,
other less well-comprehended subjective channels, also conditioned by pertinent attitudinal
filters, supplement the information flux with an assortment of intuitive, instinctive, and
inspirational sensations that may also influence the Consciousness response.
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expectations, attitudes, purposes, needs, desires, and reference contexts
themselves can be altered, thereby yielding broader and deeper access to
experiences and influences that are otherwise occluded.

In the following sections we shall explore each of these propositions a bit further.

Scientific Subjectivity

The elevation of subjective concepts and correlates to equivalent operational
status with objectively definable properties in future scientific methodology has
been proposed in several of our prior technical and philosophical publications,
most notably throughout the text of Margins of Reality(5) and in the essay ‘‘Science
of the Subjective,’’ (6) the abstract of which serves to summarize our position:

Over the greater portion of its long scholarly history, the particular form of human
observation, reasoning, and technical deployment we properly term ‘science’ has relied at
least as much on subjective experience and inspiration as it has on objective experiments and
theories. Only over the past few centuries has subjectivity been progressively excluded from
the practice of science, leaving an essentially secular analytical paradigm. Quite recently,
however, a compounding constellation of newly inexplicable physical evidence, coupled
with a growing scholarly interest in the nature and capability of human consciousness, are
beginning to suggest that this sterilization of science may have been excessive and could
ultimately limit its epistemological reach and cultural relevance. In particular, an array of
demonstrable consciousness-related anomalous physical phenomena, a persistent pattern of
biological and medical anomalies, systematic studies of mind/brain relationships and the
mechanics of human creativity, and a burgeoning catalogue of human factors effects within
contemporary information processing technologies, all display empirical correlations with
subjective aspects that greatly complicate, and in many cases preclude, their comprehension
on strictly objective grounds. However, any disciplined re-admission of subjective elements
into rigorous scientific methodology will hinge on the precision with which they can be
defined, measured, and represented, and on the resilience of established scientific
techniques to their inclusion. For example, any neo-subjective science, while retaining the
logical rigor, empirical/theoretical dialogue, and cultural purpose of its rigidly objective
predecessor, would have the following requirements: acknowledgment of a proactive role
for human consciousness; more explicit and profound use of interdisciplinary metaphors;
more generous interpretations of measurability, replicability, and resonance; a reduction of
ontological aspirations; and an overarching teleological causality. Most importantly, the
subjective and objective aspects of this holistic science would have to stand in mutually
respectful and constructive complementarity to one another if the composite discipline were
to fulfill itself and its role in society.

Without repeating the detailed arguments presented in that essay, we would
note only that this premise is essential to the invocation of the other propositions
developed below. We also might note that despite their less secure catalogue of
empirical evidence, access to these less tangible sources of information also has
been abetted by a variety of man-made devices. Some of these have been carried
forward from ancient mystical traditions, including, for example, dowsing rods,
crystal balls, tarot cards, rune stones, I-Ching oracles, etc., all purported to
enable and enhance information access via these subtler channels. More con-
temporary technological versions, usually based on random physical processes,
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include the array of electronic, mechanical, optical, fluid dynamic, and nuclear
random event generators (REGs) now commonly utilized in laboratory and field
research to display and correlate consciousness-related physical anomalies.(7) As
with the enhancers of the conventional sensory channels, however, all of these
strategies also require a cognitive overlay to interpret and benefit from the
additional information they provide.

Two-Way Channels

That the information derived from the Source by any of our limited sensory
channels is utilized by our human consciousness and its physical corpus is
beyond doubt. That there is also a reverse flow of information from our mind
and body to this environment is a more complex and controversial issue. Clearly,
when we decide to do something of a physical nature, e.g., to clap our hands,
drive a car, write a book, or compose a song, our physical, cultural, or social
environment is affected in some way. How much of this influence is direct
physical interaction and how much is achieved by subtler subjective means is
debatable, but for either form it is even less clear to what extent the deeper
Source underlying the perceived environment participates in, or is modified by,
this outgoing direction of information flux.

Some insight into these questions might be derived by reflecting on the role
of resonance in the more conventional sensory mechanics of incoming
information acquisition. Taking hearing as perhaps the simplest example, we
do not merely respond to the passage of sound waves traveling down our ear
ducts. Rather, some portion of those incident waves is reflected by the
eardrums, thereby establishing standing wave patterns in the ducts that stimulate
the drum membranes to sympathetic mechanical vibrations. These, in turn,
activate the auditory neurophysiology to transmit messages to the brain for its
interpretation, via a corresponding pattern of standing electromagnetic waves in
this segment of the channel. In other words, the ear canal, the eardrum, and the
auditory neurophysiology comprise a complex acoustical/mechanical/electro-
magnetic resonator that is stimulated by the incoming sound signals from the
environment.

In such a model, there is an inescapable byproduct that is usually ignored as
negligible, namely those portions of the outgoing reflected oscillations that re-
emerge from the ear aperture back into the external environment. To be sure, this
entails only a tiny fraction of the energy consumed in the ear stimulation, but
therein lies a mechanism for informing the environment of what the ear canal,
the ear drum, and the pursuant neurophysiology, including the brain, are doing,
for they are all part of one composite resonant system, the oscillations of which
are available for interpretation and use by both the brain on one end, and by the
environment on the other.

Similar, albeit more elaborate resonant structures can be described for the
eyes, mouth, nose, and tactile sensors that stimulate all manner of organic,
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neuronal, skeletal, and soft-tissue responses, some small portions of which are
also reflected in the outgoing signals. For the eye, it is the retina that provides
the two-way interface between the resonant optical cavity and the visual cortex
of the brain. The resonating configurations attending the nose, mouth, and tactile
skin are somewhat more subtle and complex, and utilize a broader selection of
mechanical, electromagnetic, and chemical stimuli, but each of these also
inherently provides re-emergent information fluxes that couple the environment
and the sensing complexes into bonded resonant systems. In fact, these latter
three present more explicit means of environmental influence via their normal
respiratory, transpiratory, and thermal efflux cycles.**

So far, we have not yet invoked any of the subtler forms of information
acquisition included in the previous section. The requisite system for two-way
communication is already in place using only physical and physiological com-
ponents and processes. But if we now expand our portfolio of communication
channels beyond the primary materialistic modalities to include the various subtler
passages of intuition, inspiration, instinct, or the array of consciousness-related
anomalous information channels long researched in our laboratory and elsewhere,
we may more broadly extend the same resonant holistic system metaphor. While
the specific mechanics of these incoming and outgoing information carriers and
the receptors thereof are less well understood, the role of resonance in such
interactions, although less tangibly defined, is impressionistically quite evident,
and may well be more significant than for the physical channels. Indeed, the
establishment of such resonant states between the subjective experience of a living
participant and its pertinent physical and emotional environment is one of the
essential functions of all spiritual practices, creative enterprises, healing efforts,
and, in our context, the scientific generation of such phenomena.

What then do such resonant channel models predicate? Clearly, the individual
effect sizes are very tiny: a few phonons re-emerging from an ear or a few
photons from an eye; some faint biophotonic mechanism(8) or chemical radiation
from the body; or some microscopic flux of anomalous information riding on an
unspecified subjective carrier, each attempting to inform the world about the
information being processed in a small portion of the brain or psyche at the other
end of that particular system. Ah, but how many ears, and eyes, and mouths, and
brains, and psyches, of how many living creatures equipped with such
capabilities are resonating their instruments, at their own particular frequencies,
at any given moment? And what is the global concatenation of this grand
cacophony of information radiations upon the world? And to what extent does
that condition not only affect the proximate tangible environment, but also the
ineffable Source from which it derives? Perhaps this imagery is akin to that
William James had in mind when he referred to this mind/environment colloquy
as ‘‘the blooming, buzzing confusion.’’(9) In any case, we now have in hand
a conceptual model that can employ either hard physical or soft psychical
elements not only to enable ongoing two-way communication and influence
between mind and matter, but also to establish a subtle network of awareness
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and interdependence among all of the participating minds and substances,
thereby elevating the consciousness component of the information dialogue from
an individual to a collective level that may merit capitalization of that term, as
well. Perhaps even more importantly, we may have the mechanism for
individual and collective Consciousness to imprint itself on the universal Source.
(Figure 2 offers one schematic representation of the Source/Consciousness
resonant sensory system concept just proposed.)

At this point we might attempt to estimate quantitatively the amount of
information of all physical and psychical forms currently permeating our

Fig. 2. Schematic cartoon of the resonating sensory systems: Consciousness exchanges information
with the Source via filtered sensory oscillators, each resonating within its particular
physiological or psychical complex. From the information thus acquired, it assembles
experiences, the subtlety and profundity of which depend on the depth and breadth of the
information interpenetration. From relatively narrow and shallow penetrations it infers
a model of its physical environment, but this is only a limited, emergent expression of the
full potentiality of the ultimate Source. Deeper incursions, however achieved, can yield
more profound and extraordinary experiences, probably first processed in the unconscious
mind. The most extreme penetrations can precipitate extensive, collective psychical events,
and may yield more ontological glimpses of the Source itself.

By the converse routes, consciousness also employs the sensory resonators to contribute
information to the Source, thereby affecting it, and hence the palpable environment and all
subtler experiences derived from it. Personal realities may thereby be responsive to individual
and collective intentions, desires, and needs, to a degree determined by the intimacy of the
consciousness/source coupling.
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environment that has been processed through the various resonant channels just
proposed. We shall eschew that ambitious effort in favor of simply noting that
any and all information that is actually extracted from the Source via the
consciousness sensory systems is subject to such resonant reflections, and
thereby couples these two ultimate entities to some small degree. What portion
of this coupling is materialistically brain-based in character, what portion is
psychically based in the subtler modalities, how these two genres complement
and inform one another, and how the consciousness employs its brain utility in
all of this, remain major issues. But direct physical processes for consciousness
to influence the evolution of its Source of reality seem to exist.

We shall also pass over the multitude of possible secondary loops that connect
our minds to the environment, other than to acknowledge that when we receive
information through one or more of the sensory channels, mental processing may
dictate a response that returns information to the environment in some other
modality. When danger intrudes, I may run, resist, or perspire; when my dog
nudges me, I may speak kindly to him, pat him affectionately, or take him for
a walk; when I hear great music, I may smile, sigh, or even sing along. In all
cases, my reactions are returning some information to the environment, and these
indirect couplings, like the more direct resonances within the individual sensory
channels, greatly proliferate the grand Consciousness/Source dialogue.

Filter Tuning

We have already noted the severe physiological restrictions imposed by our
sensory equipment on the quality and quantity of information we can extract
from the Source. Some of these can be improved by selective training or genetic
aptitudes that favor particular modes of information acquisition, such as the
enhanced sensitivities of accomplished or gifted musicians to particular
tonalities; the capacities of great artists, designers, or organizers to grasp
designs and patterns; or the abilities of superstar athletes to react to critical
aspects of their games more rapidly and accurately than their competitors. Most
of us will also concede that our prevailing subjective states of mind can color the
way we perceive any events and respond to them; both are clearly conditioned
by our purposes, expectations, moods, prejudices, and attitudes. Beyond these
short-term sensitivities, various longer-lived cultural and psychological filters
operate as well. As an extreme example, it has been reported that some pre-
Columbian Native Americans literally could not see the large sailing vessels of
the first European explorers to broach their shores because they had no cultural
precedent for such an event or object, and no appropriate words in their
vocabulary. Thus, in their context of reality, such things simply did not exist.

This blindness to items that are inconsistent with expectations has been
demonstrated repeatedly under rigorous scientific conditions. A number of
studies in perceptual psychology have established that people engaged in
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structured activities typically do not see unexpected, or even bizarre events that
may intrude, even though these are clearly visible to uninvolved observers.(10)

For example, in the classic Bruner and Postman experiments in perceptual
psychology, subjects presented with pictures of playing cards at rapid intervals
consistently misperceived incongruent cards having mismatched suits and
colors.(11) The implausible, frequently symbolic or mystical imagery that
characterizes dreams, meditations, hallucinations, and other altered or visionary
states of awareness are probably attributable to the suspension or alteration of the
sensory filters we have cultivated for use in our ordinary waking state. Outside
the realm of human experience, it is evident that many other creatures, despite
utilizing sensory equipment similar to our own, respond substantially differently
to given environmental situations, depending on the behavioral heritages and
enculturation that have tuned their own filters to particular functional purposes.

What we wish to pursue here, however, is a more proactive form of filter
tuning wherein a particular physical perception, its inferred conceptualization,
the patterns of conscious and unconscious response it stimulates, and the
corresponding environmental reactions it induces may be altered more
deliberately. This is the sort of process the celebrated Cherokee medicine
man, Rolling Thunder, alluded to when he cryptically summarized his apparent
ability to manipulate external events as ‘‘there’s an attitude you can take.’’(12)

We also confront it in the mystifying efficacy of the placebo, or in the
demonstrable improvements in physical strength and control derivable from
martial arts protocols. The deliberate use of hallucinogenic substances to alter
patterns of awareness and allow access to alternative realities also has extensive
cultural precedents throughout recorded history.

Our particular point here is that at whatever level and by whatever practice
they may be invoked, such tuning techniques may condition both directions of
the two-way information traffic discussed in the previous section, i.e., not only
may they alter the quantity and quality of the information reaching the
consciousness from its source environment, but also, via the resonant reflection
processes or indirect response mechanisms just proposed, they may condition the
information transmitted to the latter from the former as well. Thus, the holistic
information loop of vital conversation between the two is to this extent
responsive to the consciousness filters we choose to impose, and it is to these
that we must turn to seek practical benefits from our composite model. The
benefits we seek, of course, are better understanding of the Consciousness/
Source dialogue, leading to its more effective utilization in our daily lives.

At this point the reader might reasonably anticipate some cookbook recipe for
tuning the filters of consciousness to achieve more incisive penetration into its
Source environment, thereby extracting from it an expanded range of
information and experience and/or altering it in some observable way.
Unfortunately, our 25 years of laboratory work have persuaded us that this
aspiration is not so neatly obtainable, given the fundamentally unspecifiable
natures of both the Consciousness and the Source. Although our minds acquire
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information in an inherently subjective fashion, in our Western culture they have
been cultivated to conceptualize and express their experience and activity
primarily via precise ‘‘this, not that’’ objective discriminations, largely
neglecting the intangible subjective dimensions that can blur those distinctions.
In contrast, the Source exists as a sea of ineffable, complexly intertwined
potentialities that are rooted in irreducible uncertainty that defies objective
specification. Thus, the same impedance mismatch that limits our interactions
with the Source also encumbers our efforts to devise and describe means for
controlling the filtering process to enhance our access to it. Hence, rather than
a step-by-step recipe, we can offer only an assortment of empirical insights and
derived speculations that may seem to some of our precise scientific colleagues
to be rather vague and esoteric, and to some of our more intuitive colleagues too
mechanistic and constrained. A similar disclaimer must pertain to any effort to
specify the subjective strategies actually employed by the participants in our
experiments in generating the anomalous results that have stimulated these
theoretical musings. These tactics are typically so intuitive and personal that
they defy any attempts at generalization. We therefore must leave it to our
readers to create their own recipes from these raw ingredients, with no
assurances of effectiveness or replicability from one application to the next.

Within these caveats, five features strike us as being essential to any proactive
filter-tuning strategy:

1. The acceptance of the possibility of alternative realities;
2. The generous utilization of conceptual metaphors by which to access them;
3. The achievement of resonance, in both its objective and subjective senses;
4. The tolerance of uncertainty as a sine qua non in any creative interaction

between Consciousness and the Source;
5. The replacement of conceptual duality by complementarity as the

fundamental dynamic for the construction of reality.

In the remainder of this paper we shall strive to communicate our own sense of
the essence of these ingredients, insofar as they can be linguistically represented.

1) Alternative realities: The power of perspective

‘‘It is the theory which decides what we can observe.’’
Albert Einstein(13)

The initial requisite for any proactive form of consciousness filter tuning is
the recognition that the reality one is experiencing is only one possible
expression of the multitude of potential realities available from the Source. Only
with this conviction in place is it possible to suspend or de-prioritize the
particular perspective being deployed, to allow activation of other options.
Under ordinary circumstances, however, we usually are so preoccupied with
translating our experiences into objective descriptions that we fail to
acknowledge at a conscious level the fundamentally subjective nature of those
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experiences and the accessibility of alternative representations of them. Rather,
such alternatives are assigned relative probabilities via an unconscious mental
algorithm that incorporates such factors as past experience, expectation, desire,
or fear, along with the immediate purpose or intention. As these unconscious
calculations converge on the interpretation that seems most likely within the
prevailing perspective, an appropriate filter is thereby imposed. Typically, it is
only at this point that the attribution of experiential meaning shifts to a conscious
level.

Among the many unconscious factors that contribute to such mental sorting,
the prevailing values of our culture play powerful, albeit subtle, roles. The
primary objectives of most socialization and educational processes are the
encouragement of individual beliefs and behavior that are consistent with the
values and purposes of the collective, so that our personal worldviews align with
the perspectives of the particular socio-cultural milieux, peer groups, or
professional hierarchies in which we are immersed. Each of these dispenses its
own conceptual vocabulary and priorities to bias the weighting factors in our
unconscious mental calculations toward those representations of experience that
are most consistent with the established beliefs and goals of that system, thereby
reinforcing the coherence of its collective structure. Any ‘‘thinking outside the
box’’ undermines the system’s control over individual experience and action and
is discouraged via stern social sanctions of rejection or exclusion from group
membership. For humans, as well as for other social animals, such treatment is
usually sufficiently painful to enforce conformity to the ‘‘appropriate’’
information processing strategies and consequent behavior. Eventually, these
constraints become so internalized and automated that most alternative
perspectives, and their associated reactions, are not even recognized. In extreme
cases, they can engender a variety of physical and emotional pathologies,
including neuroses, psychoses, or muscular armoring(14) that can further limit or
distort responses to stimuli. Given such cultural obedience training, the
deployment of other interpretations, i.e., other consciousness filters, requires
a strong act of will, plus an acceptance of the psychological consequences of
deviating from the security of the collective belief system. Only then are the rules
governing the creation of reality recognized as mutable, rather than absolute,
a realization that initially can be emotionally discomforting. But this is the
inescapable price if we are to purchase the ability to extract from the potentiality
of the Source a physical actuality that reacts to our conscious intentions.

In this processing, the organizing mind may apply a wide variety of
conceptual filters to the boundless, undifferentiated potentiality that is the
Source, whereby the emergence of countless corresponding realities are
possible, perhaps reminiscent of the ‘‘many worlds’’ concept of some physical
theorists. When the probing mind articulates an intention, e.g., ‘‘Let there be X,’’
that intention is automatically associated with a sense of its meaning within any
given frame of reference. A sequence of discrimination is then initiated whereby
X is successively distinguished from all associations that that mind regards as
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clearly not-X. Even with these eliminations, however, an assortment of potential
associations with X still remains, each of which has some probability of
pertinence in the prevailing reference frame, thereby constituting a kind of
subjective probability distribution. As each of these possibilities is considered
and rejected, the definition of X becomes more precise and the mind moves from
a state of uncertainty, where its sense of control is tenuous, to one where it feels
more comfortable, with an experience that seems more orderly and predictable.
With the continued reduction in uncertainty, the residual interpretational possibi-
lities that survive this elimination process take on increasingly higher likelihoods
of being meaningful information, and the variance of the distribution of meanings
narrows. One familiar example of this process might be the systematic solving of
a crossword puzzle, where more than one word can fit a designated set of squares
for which the clue is intentionally ambiguous.

Since most of the critical early distinctions that establish and maintain the
frame of reference guiding the selection process take place at a non-conscious
level, the conscious mind is rarely exposed to the less probable options. It makes
its choices only among those alternatives that seem more likely within that frame
of reference, where habitual, enculturated definitions of reality already have been
well established. But if a different context of meaning is invoked, the distribution
function of possibilities shifts to some degree, depending on how radically that
alternative deviates from the conventional one. In a reference frame comprising
a major change of perspective, the most likely outcome could well be out in the
tails of the standard mind-set distribution; conversely, the most likely events in
the latter context could be quite unlikely in the former. In other words, alteration
of the prevailing context of meaning to one where an ostensibly lower probability
option becomes dominant is essential for effecting significant change in one’s
reality.

As a particularly simple example of such an exchange of reality, consider the
well-known Necker cube visual illusion. In this case, confronted by two equally
likely perspectives, the mind finds itself in a superposition of states, shifting
back and forth between the two available possibilities as it tries to determine
which is the ‘‘correct’’ image. In such a delicately balanced situation, the
slightest subjective bias toward one interpretation or the other can shift the
equilibrium. Once this happens, the discriminatory function takes over and
decides on ‘‘this, not that,’’ and a ‘‘reality’’ is established. In this example, where
the initial probabilities are essentially equal, the process could equally well have
converged on the alternative reality. In more complex situations where the
competing interpretations have very different probabilities, however, opting for
the less likely interpretation requires a more substantial shift of perspective,
which, when achieved, engenders a correspondingly larger change in the
information patterns propagating between the mind and its environment. This
may well be the controlling factor in limiting the scale of anomalous effects that
characterize the laboratory-based studies, where for successful achievement the
human participant must attempt from the outset to set aside the scientific
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‘‘impossibility’’ of the assigned task and to invoke a reference frame in which
the probability of the anomalous accomplishment is optimized.

It is interesting to note that, in contrast to our Judeo-Christian-scientific
tradition, some cultures actually encourage the exploration of alternative inter-
pretations of experience as a strategy for developing self-awareness and deeper
understanding of the relationship between the individual and the environment.
For example, certain Native American and East Asian traditions maintain that
one cannot fully understand an experience until it has been considered from at
least seven different points of view.(15) In this sense, the terminology ‘‘alternative
reality’’ might better be replaced by ‘‘multiple reality,’’ which also befits our
particular application of this concept. While we shall not attempt to describe here
the various strategies deployed by such societies in this process, nor to provide an
anthropological/sociological critique of their effectiveness, their applications
within their own cultural contexts confirm that our narrower Western approach to
the interpretation of experience is not the only option.

2) The magic of metaphor

‘‘I will open my mouth in parables,
I will utter things hidden since the creation of the world.’’

Psalms 78:21(16)

Note that throughout this paper we have resorted to metaphor several times,
invoking the familiar properties of ‘‘space capsules,’’ ‘‘distribution functions,’’
‘‘crossword puzzles,’’ ‘‘Necker cubes,’’ etc., in an attempt to clarify the intended
meanings of potentially unclear abstract concepts. Metaphor is, in fact, a powerful
technique for resolving or utilizing ambiguity in order to convey subtle nuances
of meaning or to express otherwise ineffable experience. It stimulates the
associative capabilities of the mind, vis-à-vis its discriminatory techniques that
attempt to minimize uncertainty by assigning names, categories, and functions to
subjective experience in order to reduce it to more precise objective description.
Discrimination, the tool of logic, presents the consciousness with sequences of
‘‘either/or’’ decisions that inevitably lead to a dualistic view of reality; associa-
tion, the tool of creativity, raises awareness of possible connections between
apparently disparate interpretations and allows the consciousness to move
beyond duality in representing its experience. Metaphor thus encourages the
mind to pay more attention to the similarities among various interpretational
options than to their differences, and thereby empowers rather than reduces the
uncertainty, as discussed more fully below. (This is the essence of the so-called
Law of Similarity that played a central role in the ancient practice of alchemy.)

In this spirit, let us return to a quantum mechanical metaphor we introduced in
previous publications,(5,17) wherein we spoke of reality as the product of the
interaction of consciousness with its environment. In that representation we
intentionally defined consciousness very loosely, ‘‘to subsume all categories of
human experience . . . including those commonly termed ‘conscious,’ ‘sub-
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conscious,’ ‘superconscious,’ or ‘unconscious,’ without presumption of specific
psychological or physiological mechanisms.’’ Our similarly comprehensive
definition of environment included ‘‘all circumstances and influences affecting
the consciousness that it perceives to be separate from itself, including, as
appropriate, its own physical corpus and its physical habitat, as well as all
intangible psychological, social, and historical influences that bear upon it.’’
Thus, reality was regarded as the product of a consciousness/environment
interface that was intrinsically subjective and situation-specific, so that the
Source could only be perceived through the prevailing filters of consciousness,
much like the shadows in Plato’s cave.(18)

In applying this quantum mechanical metaphor, we also had occasion to define
a ‘‘consciousness atom,’’ using a set of spherical ‘‘consciousness coordinates’’
labeled ‘‘range,’’ ‘‘attitude,’’ and ‘‘orientation,’’ which proved useful in repre-
senting various states of consciousness. For our purposes here, we can identify
‘‘range’’ with the emotional intensity, ‘‘attitude’’ with the point of view, and
‘‘orientation’’ with the context prevailing in a given interaction of consciousness
with the extended environment of its Source. Alteration of these subjective
coordinates of the mind can affect the quality of the experience by fine-tuning the
resonant channels of the physical and psychical senses through which the
consciousness observes and interprets the stimuli imposing on it.

As an exercise in exploring this tactic, consider the word ‘‘green’’ (since
cognitive scientists, philosophers of science, and theoretical physicists are fond
of using color as an example of a quale). Note how the consciousness
coordinates adjust to the following associations: green light; green thumb;
greenhouse; greenhorn; Greenpeace; green about the gills; Green Man; green
with envy; greenbacks; Green Bay Packers; wearin’ o’ the green; etc. The
concept of ‘‘greenness’’ thus extends over a range of metaphorical implications
and associated subjective meanings that goes well beyond the standard physical
definition of light with a wavelength of approximately 520 nanometers. There is
no single ‘‘correct’’ meaning, nor is there anything that precludes conscious
deployment of any of the many possible meanings to color one’s desired reality.

This multivalent ambiguity is the essence of art, of poetry, and perhaps most
ubiquitously, of humor. Virtually all jokes, cartoons, and whimsy utilize
metaphor in some form, to poke fun at our foibles, fads, and follies in a friendly,
unthreatening fashion that encourages fresh attention and releases creativity.
Consciousness invokes such attitudinal lubricant to facilitate adjustment of its
contextual filters, thus enhancing the propagation of the incoming information
from the environment. In so doing, the reflection of information back into the
environment is also enhanced, and in this way the mind’s intention, or any other
of its subjective priorities, can be imposed on the Source, and hence on the
reality constructed from it.

While our Princeton Engineering Anomalies Research (PEAR) program has
never pursued any systematic study of the subjective strategies employed by its
experimental operators, it has been evident from personal communications and
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casual observations that metaphorical techniques are commonly deployed.
These have included frank anthropomorphism, i.e., attributing living qualities to
the experimental devices; linguistic association, via creation of lists of words
free-associated with the intentions currently being asserted; or visual association
of the feedback displays with images of living processes, such as perceiving
a high-intention cumulative deviation trace as a bird or plane taking off into the
air, or a low-intention trace as that of a fish diving into the depths. Remote
perception percipients have described their tactics in metaphors as well, such as
staring at a blank screen waiting for a movie to begin, or opening a window
onto a desired scene. In both classes of experiment, metaphor appears to be an
effective technique for shifting the perceived context of the task at hand from
one that seems impossible to one where it is an attainable, even if unlikely,
possibility.

3) The role of resonance

‘‘It’s Love that makes the world go round.’’
W.S. Gilbert, Iolanthe, Act II(19)

One of the most powerful and commonly employed metaphors to link the
world of objective, physical events with the world of subjective, emotional
experience is that of ‘‘resonance.’’ Examples of resonant oscillatory interactions
abound in all manner of mechanical, electrical, optical, and chemical systems,
and characteristically entail substantial departures in behavior from those of
their separate components. The signal-to-noise ratio and sharp selectivities of
conventional communications systems, musical instruments, and lasers of all
types; the destructive oscillations of aerospace vehicles and of the Tacoma
Narrows bridge; the microscale interactions that bind atoms into molecules; and
the pulsations of stars and galaxies are all critically dependent on various forms
of internal and external resonance. But the conceptual nomenclature is equally
apt in capturing the subjective essence of interpersonal bonds between lovers,
siblings, parents and children, and friends; of hyper-productive relationships
between individuals and their household, computational, artistic, athletic, or
automotive equipment; or even of the intensive personal associations with par-
ticular social purposes, projects, or missions. In all these contexts, the emergent
resonant experiences, products, or performances can significantly exceed those
achieved by the individual partners acting alone.

It is not unreasonable, therefore, that our attempts to represent and to enhance
the interactions of Consciousness with its environmental Source would similarly
benefit from the establishment of some form of resonance between them. The
problem, of course, is the identification of some common conceptual platform
on which these two apparently disparate entities may join effectively in
a resonant dialogue. Our suggestion is that the requisite exchange may draw on
the wealth of potential information resident in the complex, chaotic uncertainty
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of the Source, in concert with the extensive repertoire of potential interpretations
or meanings which the mind may contribute.

Resorting again to our quantum mechanical metaphor, it was there suggested
that just as the binding energy of a physical molecule derives from the indistin-
guishability of the two participating valence electrons, in a similar fashion the
anomalous experiences that can occur among people who are ‘‘on the same
wavelength,’’ or who are engaged in resonant human/machine interactions, also
may derive from the surrender of distinct individual identities in favor of a more
complex ‘‘molecular’’ composite. For our purposes here, we propose further ex-
tension of this analogy to the establishment of resonant oscillations of experi-
ence between the potential information chambers of the mind and of the Source.

To develop this proposition a bit further, we might note that any experience of
emotional resonance is closely associated with the perceived meaningfulness or
importance of the interaction. It is the visceral feeling that shifts the filters of
consciousness from those of passive, objective observation to ones of proactive,
subjective participation, and this participatory immersion in the experience
modifies its perceived reality. This immersion may be enhanced by progressive
elimination of the specific discriminations that distinguish Self from not-Self,
until the Consciousness approaches pure experience, a state the Zen masters
refer to as ‘‘samadhi.’’ Such a state is ineffable by definition, but those who have
known it, and the traditions that have cultivated it, maintain that it is the ultimate
reality. Some have described it as the sense of being immersed in the unmani-
fest potential of the universe where everything and anything is possible. Clearly,
this is a very different perspective of reality than that experienced through the
usual filters of perception, and its achievement may elude most of us. But many
of us have experienced more modest forms of subjective resonance, such as
being in love, or Buber’s ‘‘I and Thou’’ relationship,(20) where two previously
independent ‘‘I’s’’ comprise a shared ‘‘We’’ that can change the perception and
interpretation of reality. In essence, in altering its definition of Self,
consciousness attains propitious reference frames for modifying the information
dialogue with its environment, and thereby enhances its ability to alter the
probabilities of physical events.

This ‘‘I/Thou’’ connection is frequently mentioned by PEAR’s successful
operators, many of whom seem to develop intimate emotional relationships with
the experimental devices, akin to those felt in other forms of intense human/
machine interactions, e.g., with a musical instrument, an automobile, or a piece
of athletic equipment. One particularly touching expression of this occurred
when the random mechanical cascade apparatus, known to its friends and
operators as ‘‘Murphy,’’ had to be shut down for repairs and one of the operators
sent it a personal get-well card. Such resonance effects also manifest in the
remote perception experiments in instances where the assigned target holds
a strong personal attraction for the participants, or where the percipient and
agent are personally involved with one another, and our methods of analysis
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have taken explicit precautions to preclude illegitimate information leakage
from such causes.

4) The use of uncertainty

‘‘The more alternatives there are, the more uncertain the outcome. The more
uncertainty, the greater the potential for information transmission.’’

Lachman et al.(21)

It is the ethic of virtually all scientific investigation to strive for precision:
precision of measurement; precision of analysis; sharpness of conceptualization
and interpretation; maximization of the ‘‘signal-to-noise’’ ratio. Yet, in the
particular scientific context we are addressing here, this otherwise commendable
zeal for precision of technique and its corresponding refinement of interpretation
and prediction paradoxically can become a double-edged scholarly sword. Not
only have we accumulated extensive empirical evidence testifying that excessive
rigor in experimental design and analysis tends to reduce rather than to enhance
consciousness-related anomalous effects, but there are also some indications that
the uncertainty itself may be an essential ingredient for the generation of the
anomalous phenomena. We attempted to demonstrate a particular example of
this empirical enigma in considerable detail, and to explore its broader
implications for anomalies experiments in the article entitled ‘‘Information and
Uncertainty in Remote Perception Research.’’(22) There we concluded that in
anomalies research, as in any expression of human creativity, it is essential to
establish a balance between rigor and flexibility, discipline and innovation,
precision and ambiguity, if one is to navigate between the Scylla of sterility and
the Charybdis of chaos.

It appears that the narrow channel that separates these complementary
extremes follows an epistemological uncertainty principle similar to that which
Heisenberg introduced as limiting the precision of observation of conjugate
physical properties, such as momentum and position or energy and time. It is also
relevant to note that one technical representation of the Source domain, namely
the ‘‘zero-point field’’ that is postulated to permeate the universe with vast
energetic potentiality, ultimately derives from the imposition of this same
uncertainty principle on atomic-scale harmonic oscillators. In other words, both
the objective physical world and the subjective creative processes of con-
sciousness seem to be constrained, and enabled, by the same intrinsic ambiguity.

Uncertainty inescapably characterizes the interface where the two comple-
mentary coordinate systems of mind and matter overlap, creating the
interpenetration from which reality emerges. In any given interaction, each of
these partners enters in a state where information is still only potential, waiting
for consciousness to select a frame of reference within which to address the
Source, impose appropriate subjective and objective filters, and thereby actualize
it as an experience. This done, the event can be labeled and communicated, but in
so doing any alternative perspective is dismissed, and with it any information that
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perspective might have conveyed. It is only in the prior phase of unresolved
uncertainty, at the margins of reality, that consciousness has provisional access
not only to those realities with which it is familiar, but also to the vaster
uncertainty that constitutes the ultimate Source. Progressive modification of
these filters with each new application further complicates the task and, given the
intrinsic uncertainty that attends any chosen frame of reference, it is inevitable
that all determinations of reality are inherently probabilistic. It is not surprising,
therefore, that replicable results in anomalies research remain so elusive.

Notwithstanding, many experienced PEAR operators have come not only
to recognize and accept this inherent uncertainty, but also to utilize it in their
data-generating tactics. They speak of avoiding personal attachment to the out-
come of any particular trial or run, preferring instead to ‘‘flow’’ with the indeter-
minacy itself. Or as one operator expressed it, ‘‘. . . when it goes where I want, I
flow with it. When it doesn’t, I try to break the flow and give it a chance to get
back in resonance with me.’’ Successful percipients in the remote perception
experiments likewise recognize that any valid information they may acquire about
their targets is convected on a background of uncertainty and possible mis-
information, to which they should maintain an attitude of ‘‘high indifference.’’

5) The case for conceptual complementarity

‘‘Contraria sunt complementa.’’
Coat of Arms of Niels Bohr(23)

Niels Bohr first proposed that the celebrated and perplexing wave/particle
dualities appearing in atomic-scale physical interactions could be rationalized only
by regarding these two modes of behavior not as contradictory but as ‘‘com-
plementary,’’ in the sense that each displayed a legitimate aspect of the interaction,
and both were necessary to specify it completely. And it was Bohr himself who
subsequently offered a sweeping generalization of this physical complementarity
principle into much broader philosophical and cultural dimensions: ‘‘. . . the nature
of our consciousness,’’ he asserted, ‘‘brings about a complementary relationship, in
all domains of knowledge, between the analysis of a concept and its immediate
application.’’(24) This huge extrapolation was fully supported by Bohr’s colleagues
Heisenberg and Pauli, and in their philosophical writings all three of them invoked
numerous metaphors to illustrate this generic relationship.(25)

The magnitude of revision in conceptual and operational perspective predicated
by this radical proposition should not be undervalued. Until that time, virtually all
Western thought, including physics and metaphysics, had been dominated by
Cartesian duality and was largely content with absolute and polar measures.
Classical philosophy spoke of the dialectic tension between thesis and antithesis;
theological discourse divided the world into domains of good and evil, spirit
and matter; and this polarization of reality was reflected in most common
conceptualizations as well. In this cultural mindset, the ‘‘mind/body problem’’
remained at least as intractable as the ‘‘wave/particle duality.’’ Then, from the
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world of hard scientific formalism, came this radical proposition that some of
these sharp dichotomies should be replaced by more subtle and sophisticated
complementarities, wherein arbitrary proportions of superficially disparate proper-
ties might profitably be combined to deal with given situations. Despite its
counterintuitive character, considerable theoretical elegance, as well as pragmatic
benefit, in modeling both the physical world and cultural attitudes was obtained
thereby. We suggest that extension of this principle into the yet more challenging
domain of consciousness mechanics can prove to be similarly beneficial.

Following this lead, we extend our metaphorical license to propose that
many of the filters of consciousness that we have been addressing here also
may be complementary to one another in this more general sense. Grouped in
appropriate pairs, such attitudes and perspectives entail the same orthogonal
irreducibility, yet can provide the same conceptual reinforcement as the
conjugate physical quantities, and can serve similarly to define the operational
spaces of consciousness. It may well be that this relationship also pertains to the
essence of the mind/matter interface itself, and to all of the modes of interaction
between consciousness and its environment. The primary benefit of a comple-
mentary approach to the filter-tuning process is that the consciousness conjugates
need not be competitive characteristics, but can be combined in arbitrary
proportions as befits a given situation. Participation in an experience does not
preclude observation of it, nor do subjectivity and objectivity stand in contra-
diction to one another. In fact, once the uncertainty injunction that rules out
precise simultaneous specification is accepted, it may actually help define the
optimal balance between any pair of consciousness conjugates. Our research
strategy has attempted to exploit this complementarity by encouraging all PEAR
staff members to serve as operators and by treating all operators as co-
experimenters, thus blending the perspectives of objective assessment and
subjective immersion in a hands-on experience of how the filters of perception
can alter the reality being experienced.

Given our extensive musings elsewhere about the complementarity of
consciousness in a variety of contexts,(5,12,26) we shall here add only two other
examples that are particularly pertinent to the purpose of this paper: the
complementarity of intentionality and resonance, and that of Consciousness and
Source themselves. Intentionality and resonance both are essential for
determining the nature of an experience, although the former is explicitly
proactive and the latter intrinsically responsive. Intention imposes the filter
through which the experience will be interpreted; resonance enhances the
consciousness participation in the experience. Asserting an intention is essential
for limiting the potential information to a given context, but it is the subjective
immersion in the interaction that modifies the consciousness coordinates and
thereby the meaning of the resultant information. By establishing an appropriate
balance between these two conjugate states of mind, the corresponding
uncertainty becomes available as a medium wherein the probabilities of possible
interpretations may be altered to manifest the desired reality.
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But the ultimate pair of complementary conjugates, of course, is that of
Consciousness itself and the ineffable Source in which it is immersed, and with
which it intersects to generate all manner of experience. Despite their vast
disparity of character and function, it is they who comprise the universe of life,
and they who are the parents of all reality.

Summary

On the basis of a quarter century of laboratory and field experimentation on
consciousness-correlated physical anomalies, extensive informal personal dis-
cussions with our operators and other colleagues, and a number of previous
attempts to pose conceptual models consistent with the empirical results, we have
offered here another metaphorical perspective on those aspects of the mind/matter
dialogue that may underlie its anomalous manifestations. Like its predecessors,
this model deviates from causal physical logic, which may actually be the culprit in
the anomalous appearance of such phenomena, in favor of a more generic
comprehensive approach to the creation of tangible reality. More specifically, we
have proposed that the normal physiological sensory channels that provide our
material brains with information about our physical environment are routinely
supplemented by various subjective modalities that inform a more extended, less
physicalistic consciousness. Both of these categories are posited to have two-way
capabilities, i.e., they comprise direct resonant couplings between the mind and its
environment, as well as stimulate a variety of indirect responses, all of which are
capable of transmitting information in either direction. We also have proposed that
our palpable physical surround is an emergent property of a much vaster intangible
reservoir of potential information, which we have labeled the Source, and that the
emergence is enabled by the resonant coupling of this Source with its cosmic
complement, the organizing Consciousness. Finally, we have suggested that the
intensity of that resonance is limited by the physiological and mental filters
imposed upon our objective and subjective sensory channels by various physical,
cultural, and emotional factors.

We then turned to explore possible means of relaxating or tuning of those filters
to enhance the resonant dialogue between Consciousness and the Source, thereby
allowing richer experiences to unfold, and providing some insight into the nature
of the Source itself and of the extensive Consciousness. Possible strategies for
such pro-active filter tuning, while inherently difficult to specify and
communicate, were suggested to entail a constellation of counter-conventional
attitudes and beliefs. These include openness to alternative interpretations of
experience; invocation of interdisciplinary metaphors by which to express and
reify those alternatives; surrender to resonance with those realities and thereby to
their Source; recognition and acceptance of uncertainty as an intrinsic
characteristic of both the Source and the Consciousness, and thus as an essential
ingredient in the creation of any reality; and relinquishment of ‘‘either/or’’ mental
duality in favor of creative complementarity of concepts, especially those of
intention and resonance, and of Consciousness and the Source themselves.

Sensors, Filters, and Reality 567



These are not trivial alterations of our attitude toward the establishment of
reality, and collectively they appear to be at fundamental odds with the
conventional scientific tenets of objectivity, replicability, falsifiability, quantifi-
ability, causality, and determinism. Certainly, they are not the usual attributes
drilled into young scholars aspiring to standard scientific careers. But they are
consistent with, indeed impelled by, the accumulated research evidence that
has repeatedly verified the existence of mind/matter phenomena that refuse to
be accommodated by the traditional assumptions, and they have proven to
be productive, indeed necessary, expansions of scientific attitude for their
systematic study. Most especially, as it becomes increasingly apparent that
physical reality can be objectively affected by subjective factors that usually are
disregarded in the prevailing scientific paradigm, it becomes correspondingly
imperative that these be acknowledged and formalized if the study of such
anomalies, and indeed of Consciousness itself, is to be brought to both rigorous
and productive research. The most direct means for such acknowledgment
would seem to be the generalization of what heretofore have been regarded as
the objective scientific principles to more comprehensive forms that explicitly
include attitudinal factors, and thus can apply to these elusive, subjectively
correlated, but nonetheless profound and powerful phenomena.(6)

In pursuing this transition, it may be reassuring to recall that while the
prevailing secular premises of contemporary Western science are relatively
recent in the history of human thought, they nonetheless have their roots in
medieval alchemy wherein the consciousness of the practitioner was accepted as
a proactive agent in the study of nature. Indeed, Francis Bacon, Isaac Newton,
and most of the other original architects of the scientific method all were
practicing alchemists who clearly respected the role of consciousness in the
generation of physical and chemical phenomena.(5) The subsequent gradual
rejection of subjectivity in science was driven by an increasing desire for
predictive certainty, but it came at the cost of excluding the observing mind from
the process under observation. Now, in much the same fashion that the
augmentation of our observational capabilities through more sensitive in-
strumentation forced extensions of the classical view of a mechanistic universe
into relativistic and quantum formulations, major refinements of our con-
temporary information-processing tools are forcing us to re-invite the subjective
aspects of information into the workshop of science, and thereby to recover the
baby we threw out with the bath water more than three centuries ago.

Notes

* This assortment of contexts, labels, or models should not be regarded as
mutually exclusive or hierarchical; nor are they isomorphic to one another.
Rather, they represent different perspectives on the same basic search, and
hence should be respected as collectively complementary. Where they
reinforce one another, or display common features, this may indicate some
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degree of basic insight. Where they disagree on details, testable hypotheses
may present themselves.

** Our list of physiological sensors does not extend to other proprioceptors,
such as those associated with body orientation, movement, sensitivity to
gravitational or magnetic fields, etc., since their inclusion would add little to
the essential bi-directional concept, and would needlessly complicate the
specific illustrations. Nor have we attempted to specify the role of the brain/
mind interface in such complex resonance systems.
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Abstract - The possibility of a proactive role for consciousness in the establishment of physical reality has been addressed via an extensive
26-year program investigating physical anomalies in human/machine interactions and non-sensory acquisition of information about
remote geographical locations. Empirical databases comprising many hundreds of millions of random events confirm that information
can be introduced into, or extracted from, otherwise random physical processes solely through the agencies of human intention and
subjective resonance. Much of the evidence mitigates the likelihood that the anomalies are manifestations of neo-cortical cognitive activity.
Rather, they may be expressions of a deeper information organizing capacity of biological origin that emerges from the uncertainty
inherent in the complexity of all living systems.
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"THE WIND BLOWETH WHERE
IT LISTETH"

The voice of the wind is the whisper of the spirit, the
breath of life. It sings to the heart, in a language that the
scientific mind is not trained to comprehend. It murmurs in
inscrutable enigmas and archetypal symbols, arousing a
sense of wonder and a longing for understanding. Science
may attempt to measure the physical magnitude and
regularity of the wind’s velocity, to determine its direction,
or to ascertain its implications for tomorrow’s weather, but
usually fails to hear its sublime harmony or grasp its
profound message. On rare occasions, when the analytical
mind is still, the heart of the scientist may vaguely sense the
wind’s mystery, but the challenges of its translation and
response seem insurmountable, and so the mind typically
dismisses it as unworthy of scholarly attention. Yet,
throughout human history, it is this whisper of the spirit that
has moved many who have heard it to deep contemplation
of their role in the creation of reality.

Although artists have always applied their respective
tools to expression of the subjective dimensions of human
experience, there is good evidence that long before the
establishment of formal scientific methodology, analytical
scholars also recognized the essential interplay between the
human mind and the mystical basis of mathematics.
Socrates’ Academy postulated that the road to

understanding the physical world proceeded via self-
knowledge, and the early alchemists embraced the pneuma,
or breath, as the mediating agent between "that which is
above" and "that which is below". But over the past several
hundred years, as science has become increasingly
committed to its objectification of nature, inner experience
has been progressively excluded from its purview. Those
drawn to explore the role of consciousness in the physical
world have been derided as "mystics" and essentially
disqualified from membership in the scientific community,
and despite the extensive evidence that many of the greatest
scientific minds maintained a deep interest in such matters,
even their writings on this subject have often been ridiculed
or dismissed as eccentric flights of fancy.

Before the dawn of the Information Age in the latter half
of the 20th century, there seemed little practical reason for
science to concern itself with the function of consciousness
in the establishment of physical reality. For several centuries
its monumental achievements in comprehending and
applying the principles and mechanics of matter and energy
had proceeded productively under the premise that
subjective experience was at best irrelevant and frequently
an obstruction to the practice of rigorous objective
quantification. But the emergence of information as a third
major scientific currency, along with the development of
increasingly sensitive and complex tools for its clarification
and deployment, have now introduced questions of how to
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accommodate issues of context and meaning, both of which
are inherently subjective yet critical aspects of pragmatic
information. To complicate matters further, the prospect that
information might be subject to the same fungibility that
Einstein’s famous E = mc2 equivalence captured in the
relationship between matter and energy has raised the
possibility that such subjective factors not only might be
relevant to the perception of physical reality, but actually
might be critical components of its essential nature. In
particular, the observation of consciousness-related
anomalies emerging in the behavior of complex physical or
biological systems has provided evidence that the prevailing
models of these regimes are inherently incomplete, and
must be expanded to accommodate a participatory role for
the observing mind.

This paper is an attempt to relate the saga of a small
group of unconventional researchers who, from diverse
perspectives, have heard the wind’s song and accepted its
daunting challenge to identify and interpret some of its
chords and harmonies, and to render them into conventional
scientific parlance. Over the past quarter century, their
program has amassed empirical data and assembled
coordinated conceptual frameworks in an attempt to create
a contemporary "science of the subjective". The platform
for this effort has been a modern engineering science
laboratory that utilizes equipment and analytical
methodologies drawn from conventional information
processing technology, wherein increasingly sensitive and
delicately poised devices and systems have become the core
of its research and practice, and painstaking effort has
routinely been deployed to insulate them from
environmental artifacts.

Despite the extensive precautions usually taken to
protect contemporary information processing equipment
from electromagnetic, thermal, acoustical, or cosmic
disturbances, very little concern has been given to possible
influences associated with the states of mind of its human
operators. Late in the 1970s, an undergraduate independent
research project brought this possibility to the attention of
one of the authors (RJ), an aerospace engineer and applied
physicist who at the time was serving as Dean of the School
of Engineering and Applied Science of Princeton
University. This project had been stimulated by the earlier
work of physicist Helmut Schmidt, who had conducted
experiments suggesting that devices involving random
physical processes could be influenced solely by the
subjective intentions of their human operators (34).
Recognizing the potential implications of such anomalous
effects for the integrity of the burgeoning information
technology, the Dean established a modest research
program to probe such anomalous human/machine
interactions more systematically. Shortly thereafter, the first
author (BD), a developmental psychologist with degrees in
psychology and the humanities, joined this program as

Laboratory Manager, bringing with her a background in
remote perception research (2). The Princeton Engineering
Anomalies Research (PEAR) laboratory then found a home
in a small suite of basement rooms in the engineering school
complex that previously had served as a storage area, where
it resides to the present day.

From its inception, the PEAR program has faced an
array of pragmatic obstacles that have challenged its
implementation and subsequent operations. These have
included obtaining the requisite financial and administrative
support, confronting the rejection and ridicule of academic
colleagues, developing adequate methodological protocols,
and determining appropriate analytical strategies for
representing and interpreting the anomalous phenomena.
Surmounting each of these hurdles has contributed a critical
chapter to PEAR’s history, but comprehensive depiction of
any one of them would require a narrative well beyond the
scope of this paper (19). Thus, we will simply pass over the
first two issues by noting that all of the program’s funding
has been derived through generous gifts from visionary
philanthropists and foundations; that ongoing
administrative and collegial objections have been overcome
by periodic invocation of academia’s sacred tenet of
freedom of inquiry; and that continuing attacks from
skeptical colleagues have been deflected by assiduous
attention to high scholarly standards, a focus on learning
rather than proving, a thick skin, and a sense of humor.
More germane to our purpose here is an attempt to
summarize the evolution of PEAR’s empirical and
theoretical progress over the course of its 26-year dialogue
with the wind.

CONCEPTS, CONTEXTS, AND CAVEATS

Any investigation of the role of human consciousness in
physical reality needs first to define what is meant by the
term "consciousness". It is worth recalling that at the time
the PEAR program was undertaken, consciousness was
rarely recognized as a valid topic for scientific study, even
in the field of psychology. Although it has subsequently
become more accepted, materialistic premises have led to
assumptions that it is merely an epiphenomenon of the
human brain function and its associated neurophysiology,
and that eventual understanding of these physiological
processes will ultimately reveal the mind’s structure and
function. Consequently, most recent studies of
consciousness have been limited to those domains of
cognition, sensory perception, language, or other spheres
where relatively well-understood relationships between
these processes and their associated brain functions prevail.
In so doing, the less tangible subjective aspects of
experience, such as intuition, emotion, or instinct, have
tended to be neglected.

In contrast, PEAR has defined consciousness in a much

704 B.J. Dunne and R.G. Jahn



Consciousness, information, and living systems 705

broader sense, to subsume all categories of personal
experience without presumptions of specific psychological
or physiological mechanisms. In this view, it encompasses
all dimensions of personal identity, or "self", that can be
distinguished from external circumstances and influences
that consciousness perceives to be "not-self", with the
separation between the two regarded as subjective and
situation specific. While this definition is admittedly
imprecise, it is also relatively unencumbered by
mechanistic assumptions, and leaves room for the self to
reveal its experiences on its own terms. Regardless of how
one may choose to characterize it, it is generally accepted
that what is commonly referred to as "intention" or
"volition" is a property of consciousness rather than of the
physical world, and PEAR’s basic experimental protocols
treat this as a primary variable, while objectively specifiable
physical parameters are held as constant as possible.

It is also pertinent to clarify our position on scientific
methodology. Here, too, we need to soften some of the rigid
tenets of contemporary science, such as pure objectivity,
deterministic causality, and strict replicability. Rather, we
return to the most fundamental premise of the scientific
process as originally postulated by Francis Bacon, which
we have re-termed, somewhat whimsically, the "scientific
two-step" (16). It enjoins that scholarly advancement must
move forward on the two feet of "experiment" – an
observation or measurement performed under controlled
conditions to acquire information about a natural effect or
process; and "theory" – a stated model, principle, or
formalism to explain, correlate, or predict the observational
experience, each constructively informing the other in a
productive forward march toward new knowledge. This
two-step dynamic of science is, of course, simply a
particularly disciplined form of the more common, albeit
less deliberate process employed by the conscious human
mind in establishing, ordering, and interpreting its personal
experiences and forming models thereof.

What is at issue for our PEAR program and similar
scholarly enterprises is how broadly one construes the
designs of the experiments and theories. In our case, the
former comprises two complementary domains of
empirical investigation. One is an ensemble of experiments
investigating anomalies arising in human/machine
interactions, wherein human operators address an array of
well-calibrated random physical devices or systems capable
of rapidly producing substantial statistical output
distributions. The primary variable under study here is the
effect of human intention, whereby the operators attempt to
shift the means of the output distributions to higher or lower
values, or to produce undisturbed baselines, in accordance
with pre-stated, pre-recorded, objectives. The second is
investigation of a phenomenon we call "remote perception",
sometimes referred to as "remote viewing", wherein
individuals attempt to acquire information about locations

remote in distance and time that are inaccessible by any
known sensory mechanism. Beyond the acquisition of
trustworthy bodies of data, the principal goal of these
studies is the development of analytical techniques capable
of quantifying the amount of information so acquired.

Over the years, both of these categories of empirical
investigation have produced huge databases yielding
statistically robust evidence of anomalous consciousness-
related physical effects that are clearly correlated with
subjective factors, and hence cannot be accommodated
within any currently recognized model of physical reality.
Therefore, the theoretical component of the PEAR program
has been an attempt to propose new conceptual
frameworks, capable of explicating the anomalous
phenomena on fundamental grounds, by accommodating
not only the quantitative empirical evidence, but also the
more subtle subjective features that appear to prompt their
manifestation in the objective domain.

Since our first human/machine and remote perception
experiments were essentially replications of prior work by
others, e.g. Schmidt’s ongoing studies of human/machine
anomalies (35), and Puthoff and Targ’s investigations of
remote viewing (32), they employed protocols that had
already been extensively implemented and tested
elsewhere. Our program’s goals and operational style,
however, have evolved to differ sufficiently from those
previous studies to require some fundamental changes in
their implementation. For example, most former
explorations of human/machine anomalies had followed in
the tradition of parapsychological research, wherein the
variables of interest were dictated by attempts to identify
"gifted" individuals or to ascertain the psychological
characteristics of successful human participants. Hence,
these studies focused either on the ability of a few selected
operators to produce large anomalous effects, or required
each of a large number of contributing operators to generate
small databases. In contrast, PEAR’s engineering
orientation has addressed itself to the responses of the
physical devices when operated by ordinary individuals, all
of whom have been anonymous and uncompensated
volunteers, and none of whom have claimed extraordinary
abilities in this regard. Recognizing that the major factors
involved in producing these anomalies are subjective in
nature, we have made no assumption that any one
operator’s experience is likely to be identical to any other’s
and evidence for "replication" has been sought mainly in the
repeated efforts of given individuals. Also, since the
"subject" of these experiments has been the behavior of the
physical devices, rather than their human operators, no
systematic attempts have been made to characterize
participants’ personalities, belief systems, or subjective
strategies, or to monitor their physiological functions.
Instead, they have been regarded as colleagues and co-
experimenters, whose comments, suggestions, and



anecdotal reports have been respected as valuable
contributions to the evolution of the research protocols.
Indeed, all members of the PEAR staff have themselves
served as operators, thus acquiring first-hand familiarity
with the subjective dimensions of the experience.
Consistent with this strategy, every effort has been made to
create a relaxed and comfortable environment where
sessions are scheduled at the convenience of the operators,
and are carried out without direct supervision by laboratory
staff. This obviously has required strict precautions to
preclude any deliberate or inadvertent interference with the
integrity of the data, and therefore all experimental
hardware, software, and protocols have been implemented
with stringent redundant controls and failsafes, and all
equipment has been extensively calibrated on an ongoing
basis to assure its accurate performance and conformance to
theoretical expectations.

In the remote perception experiments as well,
modifications have been made to the original protocols.
Here again, as in the human/machine experiments, only
volunteer participants have been involved, rather than
individuals claiming special talents, and no psychological or
physiological measurements have been conducted.
Participants have been free to select their own subjective
strategies with no direct staff supervision, and no training
methods have been deployed. At the same time, scrupulous
care has been taken to assure that no information exchange
has taken place via known sensory channels.

INDICATIONS AND ENIGMAS

The detailed results of these various experiments have
been reported in numerous publications and technical
reports, most of which are available on-line on the PEAR
website <www.princeton.edu/~pear>. Here we shall
attempt only rudimentary descriptions and summaries of
the most salient findings, emphasizing those aspects that
hold some promise of illuminating the ambiguities of the
self/non-self dialogue.

Human/machine anomalies
PEAR’s most extensive studies have utilized

microelectronic random event generators (REGs) (23),
wherein operators attempt to shift the means of the output
streams of binary samples derived from an electron
tunneling noise source. Consistent with the caveats of the
previous section, these devices incorporate mechanisms
that monitor all essential functions and abort the experiment
in the event of any change from their standard operation.
Redundant data records are maintained in encrypted
computer files, real-time hardcopy printouts, and systematic
logbook entries. Device outputs are typically generated in
"trials" of 200 binary samples, whose counts are determined
by comparison with a regular alternation of 1s and 0s, rather

than by simple counts of all the 1s or all the 0s, thus
precluding distortion of the output data by drift of the zero-
crossing of the noise pattern due to any environmental
disturbances.

The standard protocol requires operators to generate
equal numbers of trials under conditions that are identical in
every respect save for their pre-stated intentions to produce
higher, lower, or baseline mean values of the output count
distributions. These intentions may be selected either by
operator choice or assigned by a random sequence of
computer-generated instructions, but in all cases the number
of trials per intention in a given series (the basic
experimental unit) is pre-determined, thus precluding any
optional stopping. In order to maintain operators’continued
interest, participants have been encouraged to explore a
number of other secondary parameters, such as the
feedback display, manual vs automatic generation of the
trial sequences, or the number of trials in a run produced by
a single button push. In all cases, however, the selected
parameters are recorded before any data are generated and
remain constant throughout any given series, and results are
evaluated solely on the basis of correlations between
operator intention and the terminal scores. The immense
databases collected, consisting of many millions of trials,
have contained several evident indicators of subtle
informational patterns embedded within ostensibly random
background noise.

The primary question addressed in the early
human/machine experiments was whether anomalous
effects could be produced and detected under controlled
laboratory conditions, and if so, whether they would display
consistent characteristics. Results from our "benchmark"
database, comprising some 750,000 trials per intention
generated by 91 operators, displayed positive correlations
with operator intention that were statistically significant at a
level of chance probability less than 10–4, even though the
observed effect sizes were quite small, of the order of 10–4

bits deviation per bit processed (22). These results were
confirmed by a variety of other statistical tests, including a
Bayesian evaluation (3) and a multi-factorial analysis of
variance (ANOVA) (29). In the latter, none of the secondary
experimental parameters made significant overall
contributions to the variance, although some proved to be
important, but idiosyncratic, determinants in a few of the
larger individual operator databases. Thus, the response to
our initial question was positive: i.e. the anomalies could
indeed be detected quantitatively on a systematic statistical
basis in the form of correlations with operator intention,
although their small scale would require huge amounts of
data to distinguish the subtle signals from the background
random noise.

Given the evident need for large individual databases,
sustaining operator interest and enthusiasm over such
extended periods became an enduring challenge, along with
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identification of factors that might enhance the small effect
sizes. Considerable effort has been expended over the years
to implement more engaging modifications of the standard
REG protocol and to construct other experimental systems
that could indicate the dependence of the effect sizes on the
nature of the random source. Many such devices have been
explored, some of which ultimately were discarded because
of major difficulties in maintaining adequate environmental
controls or the complexities of implementing operator-
friendly protocols. One categorically different machine that
did achieve full implementation and produced viable
databases is a ten-foot high × six-foot wide random
mechanical cascade (RMC) (9). This apparatus drops some
9000 3/4 " spheres through a quincunx array of 330 nylon
pegs into an array of 19 collecting bins monitored by
photoelectric counters, while operators seated on a sofa
some six feet away attempt to shift the means of the
essentially Gaussian distributions of balls to the right, to the
left, or to allow the device to run in an undisturbed baseline
condition. Another experiment has employed an attractive
linear pendulum with a crystal bob that changes color in
accordance with the pendulum’s damping rate, while
operators alternatively attempt to increase or decrease the
damping relative to baseline operation (28). Both of these
have yielded statistically significant results of comparable
scale to those observed in the REG data. In fact, when the
results of thirteen distinct experiments encompassing a
variety of random and pseudorandom noise sources,
comprising a total of nearly six million trials, are combined
in a meta-analysis the overall correlation with operator
intention exceeds 7 sigma (p = 6.5 × 10–11) (23). Most of
these experiments present strong indications of operator-
specific patterns of achievement, particularly for those
operators who have produced large individual databases.
Several who generated data on more than one experiment
frequently produced patterns of effects that were sufficiently
consistent across the various devices to be referred to as
operator "signatures". In short, these explorations generally
confirm the earlier indications of statistically consistent
small effects of an operator-specific character that appear to
be independent of the nature of the physical source, or
indeed of any other objectively specifiable parameters.

A reasonable subsequent question was whether the
human/machine anomalies also might appear in remote
operation. Accordingly, a protocol was designed whereby
operators situated at distant locations could attempt to
interact remotely with the REG, RMC, and Pendulum
devices, which were programmed to run at pre-arranged
times, not necessarily coincident with the operator’s effort.
These studies have produced results comparable with those
generated in the laboratory, including the operator-specific
patterns of achievement, indicating that the human/machine
anomalies are also space- and time-independent and
suggesting that attractive proximate feedback does not

necessarily contribute to the yield (7).
The role of operator feedback also has been explored in

another REG-based experiment, termed ArtREG, which
utilizes attractive works of art, rather than numerical or
graphical displays, as both target and feedback. Operators
select two pictures from a library of 24 images, which are
then displayed on the computer screen in a superimposed
state, with half the pixels initially assigned to each picture.
Output from an REG drives the relative proportion of
assigned pixels, as operators attempt to make their chosen
picture dominate the screen. While most participants have
described this experiment as highly enjoyable, the overall
results have shown no significant correlations with their
pre-stated intentions. The results for the individual pictures,
however, have revealed an unanticipated effect of potential
relevance. While one or two of the 24 available images
might have been expected to produce significant yields
simply by chance, six pictures displayed extra-chance
results, all of which shared the common feature of religious
or archetypal imagery, in contrast to the other pictures of
more mundane content (21). One specific variant of this
experiment presented operators with a target image based
on a specific religious theme, Giotto’s painting of "Saint
Francis Receiving the Stigmata", competing with a
computer-generated graphic. This exploration produced
composite results that were well beyond chance, although
virtually all of the anomalous effect was attributable to those
operators with a Catholic background, to whom the target
picture had more deep personal significance (1). Thus,
while quantitative cognitive feedback has been shown to be
of little consequence in most other REG studies, it appears
that feedback having a deeper, more profound level of
meaning for the operator potentially could enhance the
anomalous results.

Another indication that such anomalies are not driven by
superficial cognitive processes has been reported by René
Peoc’h, who arranged for newly hatched chicks to imprint
on a randomly driven robot (31). When the chicks were
separated from their "mother" by being confined in a cage
at one end of the robot’s range of activity, the robot was
observed to spend a significantly disproportionate time in
the vicinity of the cage. PEAR’s version of this experiment,
still in progress, utilizes human operators and an engaging
mobile robot with a toy frog "driver". The robot’s stochastic
trajectory is controlled by an on-board micro-REG, and is
monitored by a video recorder that transmits the details of
this pattern directly into a computer while operators
alternately attempt to induce the device to venture to one
side of a circular table or the other, or to affect the length of
time it takes to reach the edge of the table. Initial analyses
have indicated significant correlations between operator
intentions and these performance aspects.

–a) Replicability. Traditionally, one of the major
obstacles confronted in anomalies research has been the



recalcitrance of the phenomena to systematic replication.
The PEAR program has faced its share of this frustration in
several of its own studies, and most notably in the course of
an attempted large-scale replication of our earlier REG
results undertaken in collaboration with research colleagues
at the Institut für Grenzgebiete der Psychologie und
Psychohygiene (IGPP) in Freiburg, Germany, and the
Giessen Anomalies Research Project (GARP) at Justus-
Liebig-Universität, Giessen, Germany (20). Each of the
three participating laboratories agreed in advance to
produce 250 series, each of 3000 trials per intention, using
essentially identical REG equipment, protocols, and data
analysis procedures. While a number of secondary
correlates were also explored, such as feedback type or
experimental run length, the agreed-upon primary criterion
for an anomalous effect was the magnitude of the high-
minus-low data separation. Although these mean
separations proceeded in the intended directions at all three
laboratories, the scale of the deviations, both individually
and collectively, failed by an order of magnitude to attain
that of the prior PEAR experiments or to achieve any
persuasive level of statistical significance. However, these
same data displayed a number of unanticipated interior
structural anomalies in such features as a reduction in trial-
level standard deviations; irregular series-position patterns;
and differential dependencies on the various secondary
parameters, to a composite extent well beyond chance
expectation, though no such patterns were evident in the
calibration data. Such evidence of internal structure in
otherwise unpersuasive primary data raises the possibility
that the lack of replicability may actually be an inherent
characteristic of the phenomena themselves, rather than
evidence of failed experimentation, in the sense that the
operator influence may express itself in forms of anomalous
outputs other than those directly intended. (It is perhaps
worth noting that, to varying degrees, experimenters in all
three of the participating laboratories expressed a sense of
constraint by the standardized protocol that precluded their
attention to aspects of more avid personal or professional
interest.)

Another failed attempt at inter-laboratory replication
involved a double-slit photon detector as a target. In this
instance, the initial experiment was conducted by an optical
physicist with a somewhat skeptical view of such
anomalous phenomena, and produced only chance results.
When his device was installed at the PEAR laboratory,
however, significant extra-chance results were obtained
following the same operational protocol (12). Thus, in both
of these investigations it appears that the experimenters’
intentions and expectations may have played as important a
role in the outcomes as those of the operators. This
correlate, usually labeled "experimenter effect", frequently
has been noted in conventional psychological studies (33)
as well as in anomalies research (38), and conceivably may

be related to the so-called "observer effects" in quantum
physics. It follows that any attempts to construct theoretical
models that can accommodate subjective factors may be
further complicated by the need to take into account those
of the experimenters as well as of the participants, and by
the options for these to express themselves in output data
distortions other than those specifically intended.

–b) Structural indicators. The presence of any
systematic structural pattern in the data output distributions
is tantamount to binary information having been introduced
in some anomalous manner. Indications of anomalous
distortions other than simple mean shifts prompted a
number of post hoc examinations of existing PEAR
databases to ascertain whether other types of consciousness-
induced irregularities might exist elsewhere in our reservoir
of results. Some of these were suggested by an
impressionistic sense of repetitive patterns that were then
addressed quantitatively; others by theoretical hypotheses
that prompted empirical tests. In one such exploration, we
examined the count populations of the data distribution
profiles across a variety of experiments to determine
whether the anomalous mean shifts were driven by excesses
or deficiencies of counts in the tails of the distribution, of
those adjacent to the mean, or via some other regularly
distributed configuration. The preponderance of the mean
shifts were found to be attributable to remarkably similar
fractional count alterations across the full spectrum of count
populations, which were not present in the baseline or
calibration data (14). The most parsimonious interpretation
of such interior patterns is a marginal transposition of the
normal chance Gaussian distributions, to an extent
consistent with specific incremental changes in their
elemental binary probabilities. Hence, in a strictly technical
sense, the only difference between the chance expectations
and the demonstrated anomalous experimental results is the
presence of increased information at the binary level, i.e. a
decrease in the overall entropy.

Evaluation of the composite yields in our various
experiments has always been complicated by the substantial
disparities in the sizes of individual operator databases,
which predicate varying degrees of statistical outcomes for
intrinsic effect sizes of comparable magnitude. When more
balanced sets of data were constructed for such analyses,
consisting, for example, of the separate results of the first,
second, third, fourth, and fifth and higher series generated
by the 21 operators who had produced at least five series
each in the diode-based REG experiment, an interesting
"serial position" structural effect emerged. Namely, these
results displayed statistically significant tendencies for
operators to produce the strongest effects in their first series,
to fall off in performance in their second and third series,
and then to recover to some intermediate levels during their
fourth, fifth, and subsequent series (6). Such correlations
were present in both the high- and low-intention data, in the
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local and remote experiments, in the databases of individual
operators, and over a sequence of different experimental
protocols, but no similar effects appeared in the baseline or
calibration data. Like the count population patterns, these
physical effects must be subjective in origin, reflecting
some characteristic of the operator’s evolving experience,
expectation, or attitude, rather than some artifact of machine
performance, and are consistent with the so-called "decline
effects" reported in parapsychological publications (10).
They also bear an intriguing resemblance to the ubiquitous
patterns of damped periodic oscillations found in many
mechanical and electromagnetic physical systems, in
numerous forms of free wave propagation, and in various
biological functions, all of which feature an initial
maximum signal excursion, followed successively by a
reverse phase, a lesser recovery to the initial polarity, and
eventual stabilization to some intermediate steady-state
value.

Another valuable insight into the nature of these
anomalous phenomena was derived from a comprehensive
re-assessment of possible gender differences in nine
existing databases, five local and four remote, acquired
from the REG, RMC, and Pendulum devices. Together,
these comprise nearly 20 million experimental data points
from 270 individual operators databases, produced by a
total of 135 human operators. Since the 140 databases
produced by the 62 females were much larger on average
than the 130 produced by the 73 males, the results were
evaluated solely on the basis of each operator’s success or
failure in achieving results in the desired directions of effort.
While both groups achieved greater success in the high-
intention efforts than in the low, the average male results
displayed significantly stronger correlations with intention
than the females’. A substantial majority of the male
operators succeeded in both directions of effort and
produced intentional results that were relatively
symmetrical in comparison with their empirical baselines.
In contrast, most of the females’ results were strongly
asymmetrical, with low-intention results that were opposite
to intention, and their data frequently displayed larger score
distribution variances than the males’. Furthermore, while
the males’ baseline data tended to deviate less from the
theoretical mean than would be expected by chance, the
females’ baselines frequently displayed mean shifts that
were well beyond chance values. All these gender
disparities were more pronounced in local than in remote
experiments, which inherently preclude interactive
feedback, and no noticeable gender differences were
observed in the two experiments that yielded null overall
results (5). The potential implications of the distortions of
the baselines, i.e. null-intention data, may be worth
considering in the context of a "control" condition for any
"objective" scientific enterprise.

–c) The role of resonance. Throughout the course of all

these studies, one feature that repeatedly emerged from
participants’ subjective descriptions of their experiences
was language suggestive of some form of wave mechanical
resonance. For example, they often spoke of "being on the
same wavelength", of "flowing", or of being "in tune" with
the machines as playing as important a role in their
achievements as their conscious intentions. The distinction
between a "wave" vs "particle" nature of these anomalies
was addressed empirically via a series of "co-operator"
human/machine experiments wherein two operators, each
of whom had produced a characteristic pattern of
achievement in his or her individual database, generated
data cooperatively with a shared intention. If the
human/machine interactions were fundamentally
"particulate" in nature, the concerted effort of the two
operators would be expected to combine with one another
in an algebraically additive fashion. If they were "wave-
like", the results should display non-linear combinations of
the operators’ individual capacities. The results of these
experiments clearly supported the "wave" hypothesis, with
co-operator pairs producing distinctively different, albeit
statistically repeatable, patterns that were not simply
additive. They also revealed unanticipated gender
correlations. Namely, while the overall effect size in these
data was larger than that of the single operators’ results, this
was attributable primarily to the efforts of co-operator pairs
of opposite sex whose average effect size was more than
twice that generated by the same individuals operating
alone, while same-sex pairs tended to produce chance
outcomes. Moreover, when the opposite-sex pairs were
couples who shared a strong resonant bond, their results
achieved an average effect size nearly seven times larger
than that produced by those same people as individual
operators. In the opposite-sex data, the female-driven
asymmetries between high- and low-intention results
observed in the various composite databases virtually
disappeared and both the high and low cumulative deviation
traces were quite consistent in magnitude (4). Thus, not only
did these experiments support the wave-like essence of the
phenomena, they also corroborated the operators’ intuitive
feelings that a wave-like resonance with the device was
pertinent to the anomalous experience.

Earlier experiments like the Pendulum had attempted to
invoke resonance, in the physical sense of the term, in the
hope of enhancing effect sizes, to no avail. The co-operator
experiments suggested that the importance of this factor
may lie in its subjective meaning; but how could one
conduct systematic scientific study on such an elusive
impressionistic variable? Unlike intention, resonance is not
an experience that can be summoned on demand, although
it can be recognized when present. Another experiment has
been developed that treats resonance, rather than intention,
as the primary variable, by deploying portable random
event generators in field environments outside the
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laboratory. We call this FieldREG (27,30), a term that
reflects both the nature of the protocol and the results it has
produced, which resemble certain types of physical field
effects. Small REG devices connected to a laptop or
palmtop computer are placed in venues that have the
potential to engender group resonance. Here they run
passively in the background, generating continuous
sequences of 200-bit trials and a time-stamped index, with
no stated direction of effort imposed. These systems have
been operated in convocations that are likely to include
periods of unusually cohesive interpersonal exchange,
creative enthusiasm, or other forms of emotional intensity,
such as religious rituals, musical or theatrical events, or
meditation groups, as well as in several more mundane
venues, such as business or professional meetings. An
experimenter notes the onset and ending of periods of
interest by pressing a computer key, and maintains a written
log of events and subjective impressions of the degree of
resonance that seems to be present, but receives no feedback
while the FieldREG is running. Data are subsequently
examined for correlations between these subjectively
identified periods of strong interpersonal resonance and
protracted data segments displaying corresponding shifts in
the output means. The composite results of over 100 such
applications to date display significant deviations during
charismatic events, while the traces from mundane
applications actually deviate less than chance predictions.
Control data, on the other hand, are well within expectation.
While we are still far from comprehending the mechanisms
responsible for such modulations of REG performance, it
appears that under circumstances fostering intense or
profound subjective resonance among a group of people,
the device outputs can reflect this coherence by introducing
slight increases of order into the otherwise stochastic
activity of the REG device.

Remote perception
The subtle message of the wind appears to speak more

directly in the remote perception phenomenon than in the
human/machine interactions, but the task of transcribing its
message into a form amenable to quantification is
correspondingly more problematic. Our efforts to achieve
this transcription have encountered a sequence of obstacles,
but ultimately have yielded several useful insights. In the
course of developing the various analytical scoring
algorithms that constituted the main objective of this
component of our program, a substantial database has been
accumulated, comprising over 650 formal experimental
trials that can be divided into four categories. The target and
perception transcripts of the earliest experiments, which
were conducted before the development of the analytical
judging techniques, were encoded ex post facto into a list of
binary (yes/no) descriptor responses by independent judges;
the next segment comprised a subset of trials encoded ab

initio by the participants themselves, using the same
descriptor queries. In the third phase the binary questions
were replaced by an array of ternary (yes/maybe/no), and
then quaternary descriptors (yes/somewhat/unsure/no); and
the final subset utilized a list of distributive descriptors
based on a nine-point rating scale. In all of these methods,
the degree of anomalous information was determined by
comparing each percipient’s descriptor responses with those
of the agent, normalizing these scores via various analytical
algorithms, and comparing the distributions of "matched"
scores with those of large arrays of scores computed from
deliberately mismatched percipient/agent responses
calculated via the same algorithms (8).

The combined results of all 653 trials have an overall
chance probability of 3 × 10–8, leaving little doubt that
substantial components of anomalous information have
been accessed. As in the human/machine experiments, the
amount of information acquired in any given trial is
typically modest relative to the background noise, but
accumulates to statistically significant increments over a
large number of trials. Again, no statistical correlations with
the distance between the percipient and the physical target
are evident, up to separations of several thousand miles, or
with the amount of time between the perception effort and
that of target visitation, up to plus or minus several days.
Likewise, there are no notable correlations with any of the
secondary parameters explored, e.g. volitional vs random
target selection, target categories and characteristics, diurnal
or seasonal aspects, single or multiple percipients, etc.
However, a form of "series position effect", akin to that
found in the human/machine data, is also evident in the
remote perception results. The strongest yield appears in the
initial ex post facto dataset, with the ab initio–encoded
binary data also highly significant, albeit of somewhat
smaller scale. The quaternary-coded data are only
marginally significant, and those of the distributive set are
indistinguishable from chance. Numerous attempts have
been made to ascertain the possible causes of this gradual
diminution of the effects, and these eventually implicated
the increasing complexity of the descriptor queries, together
with increased participant emphasis on this "filtered"
information, rather than on the less constrained free-
response process upon which the earlier experiments had
been based. Indeed, as the program progressed, the early
multi-page free-response transcripts had gradually
diminished to a few cursory phrases intended primarily to
clarify the descriptor responses (8).

The evolution of the various scoring algorithms has
been driven, to a substantial degree, by frequent complaints
from participants that they felt too "constrained" by the task
of encoding their subjective stream-of-consciousness
impressions into arrays of coarse-grained descriptor
responses. Yet, attempts to alleviate this discomfort by
replacing the initial binary questions with ternary,
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quaternary, and eventually nine-point distributive scales did
little to relieve this impressionistic discomfort and, indeed,
seemed even to increase it. It took many years and
considerable analytical effort before it became evident that
these "constraints" were not so much a consequence of the
descriptor questions, per se, as of their premature
imposition on the free-response process itself.

All of this forces us to confront the dilemma that while
all of these consciousness-related anomalies seem to be
driven primarily by subjective factors, any effort to
demonstrate, record, and quantify them in a systematic
fashion necessarily entails the imposition of objectively
specifiable criteria and measurements. Unfortunately, the
former appear to be obstructed by the latter, and vice versa,
to the extent that we may be subject to a kind of
"consciousness uncertainty principle" that inherently limits
our ability to specify either aspect with complete precision.
Whether this uncertainty derives from the psyches of the
human participants or is endemic to the physical character
of the information itself is unclear, and possibly
irresolvable. A more broadly consequential question is
whether such uncertainty may itself be essential for the
experience and comprehension of the self/not-self dialogue
that characterizes all living systems.

"HOW CAN THESE THINGS BE"?

The imposing array of phenomenological characteristics
and irregularities that have emerged from these empirical
studies are inconsistent with most canonical precedents,
indeed with most rational expectations, and pose major
obstacles for accommodation within effective theoretical
representations. These include:
•Anomalous informational increments riding on stochastic
background noise;
•Primary correlations of objective physical evidence with
subjective parameters, most notably, intention, resonance,
and uncertainty;
•Data distribution structures consistent with slight
alterations in the elemental binary probabilities;
•Statistical independence of the magnitude of the effects on
intervening distance and time;
•Irregular replicability, including oscillatory sequential
patterns of performance.
Clearly, no direct applications or extrapolations of extant
physical, biological, psychological, or informational models
can hope to encompass all of these features. Rather, it will
be necessary to turn to more radical propositions, wherein
the revered concepts of deterministic causation,
objectification, quantification, and replication are vastly
generalized, and consciousness is allowed a proactive role
in the construction of physical reality.

Lacking traditional tools for such a task, we have turned
instead to metaphor in our initial attempts to elucidate the

ineffable. For example, we have found that many of the
principles and formalisms of quantum mechanics, which
itself was driven by a host of empirical anomalous physical
effects, can provide useful analogies for representing the
experience that emerges from the consciousness/
environment information exchange. Following Werner
Heisenberg’s dictum that "Natural science… is part of the
interplay between nature and ourselves; it describes nature
as exposed to our method of questioning" (11), we have
postulated that since any theoretical model is itself a product
of the organizational processes of consciousness as it filters
and interprets its experiences of the physical world, it may
tell us as much about that process of organization as it tells
us about that which is being organized. In an article entitled
"On the Quantum Mechanics of Consciousness, with
Application to Anomalous Phenomena" (15), we described
how the intuitively familiar terms of uncertainty,
complementarity, and indistinguishability, or the quantum
concepts of wave/particle duality, wave mechanical
resonance, and the exchange force that is the basis for
molecular bonding, can serve as effective two-way
metaphors for symbolic representation of this reflective
activity. For example, by representing consciousness as a
quantum mechanical wave function, and its environment as
an appropriate potential profile, Schrödinger wave
mechanics yields eigenfunctions and eigenvalues that can
be associated with the cognitive and emotional experiences
of that consciousness in that environment. To articulate this
metaphor it is necessary to associate certain mathematical
aspects of the formalism, such as the coordinate system, the
quantum numbers, and even the metric itself, with various
impressionistic descriptors of consciousness, such as its
intensity, perspective, approach/avoidance reactions, and
active/passive dispositions. But with these in hand, certain
computational applications display instructive metaphoric
relevance to individual and collective experience and, in
particular, to our experimental situations and observations.
Intangible as these associations may be, they do allow
conceptual representation of mind/matter interactions
wherein the "anomalous" effects become quite normal
expectations of quantum-bonded human/machine and
human/human systems.

Another conceptual framework has been described in a
publication entitled "A Modular Model of Mind/Matter
Manifestations (M5)" (17), and extended as "M*: Vector
Representation of the Subliminal Seed Regime of M5" (13).
This model postulates that the anomalous effects do not
emerge from direct intercourse between the conscious mind
and the tangible physical world, but have their origin in
interactions that take place between the depths of the
unconscious mind and the intangible substrate of physical
events, wherein the Cartesian distinction between mind and
matter ultimately loses its functional utility. In this merging
domain of pure potentiality, the role of uncertainty takes on
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more profound implications for the structure of reality: the
cat is neither alive and dead; the physical world consists of
neither waves nor particles; the distinction between self and
non-self evaporates; statistical odds are undetermined; and
information waits to be born. When meaning, emotion, or
need drives us to choose one perspective from the many
available potential options, the random probabilities that
characterize this regime of uncertainty are accordingly
altered and reflected in the emergent events and
experiences. While these changes in the inherent odds may
be miniscule in and of themselves, with a sufficiently large
database, or a sufficiently large community of individuals,
or organisms, in resonance with each other and with a
common purpose, the cumulative impact on the manifest
physical and cognitive domains can become significant and
measurable. Or, in the words of a traditional Navajo saying:
"When you put a thing in order, give it a name, and you are
all in accord; it becomes" (37).

This model has been developed further in a recent paper,
entitled "Sensors, Filters, and the Source of Reality" (18),
wherein we also propose that the common interactions of a
personal consciousness with its proximate environment are
very limited and relatively superficial aspects of a
potentially much vaster creative process, whereby more
profound information can be acquired and individual
experience can be significantly altered to an extent
dependent on the depth and breadth of the interpenetration
of the individual mind and its cosmic source. Such
interactions are both enabled and restricted by the
intervention of an array of physiological, psychological,
social, and cultural influences, or "filters", which condition
perception, and thereby conscious experience. Since most
of these filters function on an unconscious level, however,
we seldom invoke interpretations of our experiences other
than those consistent with our filtered preconceptions. By
bringing these influences to conscious awareness it
becomes possible to re-tune these filters and thereby to
modify experiential reality to a measurable degree.

INFORMATION, UNCERTAINTY, 
AND LIVING SYSTEMS

The Chinese character for wind is feng, as in the Daoist
principle of feng-shui, which literally translates as "wind
and water" and represents the balance or harmony of
opposites in living with nature. Qi, the character for breath,
or life force, frequently represented in the familiar
"yin/yang" symbol, also symbolizes the harmony of
complementary processes. It is perhaps no coincidence that
Niels Bohr, author of the quantum mechanical
complementarity principle, chose this symbol for his
personal coat of arms, with the motto "Contraria sunt
complementa". The message of the wind seems to be that
there is an inherent uncertainty in this balance of opposites,

or complements, which is essential to the dynamics of all
living systems. Indeed, it may well be the raw material out
of which our anomalous effects are assembled. Radical as
this hypothesis may be, it is consistent with our
unsuccessful efforts to establish defensible and quantitative
indications of information acquired in the remote perception
experiments by successive refinements of the analytical
techniques, or to improve the creation of informational
signals from the background of random noise, i.e. by
conscious, objective strategies in our human/machine
experiments.

Evidence for the fundamental importance of noise in the
generation of information can be found in other, less
controversial domains of study. For example, similar
departures from canonical expectations appears in
contemporary engineering applications of "stochastic
resonance", wherein a deliberate increase in the overall
level of noise in certain kinds of lasers or sensitive
electronic circuits can actually enhance the detection of
weak, fluctuating signals (25,26). Yet other studies have
demonstrated that the introduction of an element of chaos
into certain types of nonlinear processes, such as the
interaction of two otherwise independent random
oscillators, can stimulate synchronous behavior between the
transmitter and the receiver (24,36). In each of these
instances, a small component of information or order has
been added to a sensitive nonlinear physical system, not by
reducing the ambient noise, but by increasing it.
Counterintuitive as this concept may initially appear, it
touches on some of the inexplicable characteristics of our
anomalies findings, such as their inherent irreplicability.
The subjective complaints of "constraint" that we heard in
the course of the unsuccessful three-laboratory replication
effort or in the refinement of the remote perception
descriptor questions may have been attempts by the
unconscious to tell us that our efforts to eliminate as much
noise as possible by "tightening" the protocols or
"sharpening" the focus of the experiments were
inappropriate. What we actually should have been doing
was introducing additional stochasticity, or at least utilizing
that which was already present more effectively.

In a context closer to the field supported by this journal,
it is interesting to note that even the accepted model of
biological evolution incorporates the need for uncertainty in
enhancing subtle informational signals. The processes
whereby living species are postulated to adapt to their
environment by selecting for specific traits that emerge in
the process of random genetic mutation is itself strongly
dependent on the generation of a form of biological "noise"
emerging from the massive redundancy of continuously
recombined genetic information. When the randomness of
this process is constrained, as in repeated inbreeding, the
short-term advantage of increased predictability of inherited
traits may be offset by longer-term weakening of the genetic
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strain of the species.
Several hints arising from our studies of consciousness-

related physical anomalies suggest that the underlying
mechanics of their expression may be more closely related
to unconscious biological processes than to those of the
cognitive brain. These include the lack of evidence for
learning from repeated experience; the ubiquitous series
position effects that are clearly associated with unconscious
subjective dimensions; the gender-related differences in
effects; the susceptibility of null-intention baselines to
distortions from chance behavior; the oft-repeated reports
from participants that they are most successful when they
are not consciously striving to produce results; the apparent
effects of interpersonal resonance; and the results achieved
by animals.

Of necessity, all living systems straddle the
consciousness-imposed divide between the realms of
subjective and objective, and thus embody a
complementary dynamic of self/not-self in their essential
exchanges of information with their environments. Survival
of the individual or of the species demands a degree of
flexibility in the course of adaptation that is afforded by the
intrinsic uncertainty in their interactions with random
processes, and may even be enhanced by their exercise of
some degree of volition to achieve an optimal outcome.
Living systems also embody the rich complexity that makes
them capable of self-reference. In so doing, they generate an
uncertainty, which, consistent with the implications of
Gödel’s Theorem, limits the precision with which they can
represent themselves. It is interesting to speculate whether
the "anomalies" we have observed may be nothing less than
a manifestation what of the ancient Chinese called qi, or life
force, and the ancient Greeks called pneuma or breath: the
harmony of opposites that is whispered by the wind.
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Abstract: Any proposed endophysical models need to acknowledge a number of sub-

jective correlates that have been well established in such objectively quantifiable ex-
perimental contexts as anomalous human/machine interactions and remote perception
information acquisition. Most notable of these factors are conscious and unconscious
intention; gender disparities; serial position effects; intrinsic uncertainties; elusive repli-
cability; and emotional resonance between the participants and the devices, process, and
tasks. Perhaps even more pertinent are the insensitivities of the anomalous effects to

spatial and temporal separations of the participants from the physical targets. Inclusion
of subjective coordinates in the models, and exclusion of physical distance and time,

raise formidable issues of specification, quantification, and dynamical formulation from
both the physical and psychological perspectives. A few primitive examples of possible
approaches are presented.

Keywords: Consciousness-Related Anomalies – Empirical Evidence – Subjective Cor-

relates – Theoretical Models

1 Perspectives

Perusal of the relevant literature, and indeed of the abstracts and theme

statement of this conference, suggests that the concept of “endophysical”

has yet to be precisely defined, thereby entitling, or perhaps even obliging,

each fresh author to specify his particular usage of this terminology. In

our case, as developed in more detail in several earlier publications [1,2,3],

we posit an unobservable, perhaps ineffable, possibly even inconceivable,

understructure of experiential reality, wherein logic retreats to abstrac-

tion, and common distinctions of spatial/temporal, material/mental, ex-

ternal/internal, blur into a miasma of pre-information and pre-experience

that is the ultimate source of all physical expression and mental impression,

both objective and subjective. In its response to physical experiments, this

source yields objectively specifiable phenomena that can be represented by

exophysical models that in general have proven extraordinarily effective and
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self-consistent. But as encountered in personal subjective experience, this

same source presents a number of endophysical deviations from the exophys-

ical expectations, most notably concerning the passage of time, quantum

entanglement, subjectivity itself, and the consciousness-related anomalous

physical phenomena we shall describe herein.

It is our conviction that attempts to reconcile such disparities via a

more expansive conceptual framework can benefit from careful assessment

of those experiments in which both material and mental, objective and sub-

jective parameters play demonstrable roles. In particular, we should study

those situations wherein subjective properties attending the involvement of

human consciousness are found to correlate with objectively definable and

measurable alterations in physical behavior, especially when those corre-

lations are inexplicable in terms of prevailing exophysical models. Much

as Freud invoked dream evidence as his “royal road to the unconscious,”

consciousness-related physical anomalies may help us to circumscribe our

conception of the ontic regime from which these, and all other epistemic

material and mental events emerge, and thereby to reconcile the exophysi-

cal/endophysical dilemmas.

Before setting foot on this road, we also should specify that in our us-

age, the term “consciousness” is intended to subsume all manner of mental

process, both conscious and unconscious; logical, emotional, and spiritual;

local and collective; human and non-human; and is by no means restricted

to biological brain function or even to the full neurophysiological response

system. As we shall later contend more explicitly, the hierarchical span of

the character and manifestations of consciousness is every bit as extensive

and replete as that of the physical world in which it operates. In short,

it encompasses all of the first half of the “self/not-self ” dichotomy that

underlies the endophysical/exophysical distinction.

From these perspectives, then, let us offer the following illustrative re-

view of some potentially indicative experimental data. Given the breadth

of scholarly backgrounds, familiarity with this class of research in general

and with our PEAR program in particular, and the a priori personal con-

victions regarding the topic that prevail in this audience, no single style

of brief presentation can hope to be uniformly effective. Rather, we must

sacrifice depth for breadth, and rely on referenced publications to flesh out

details as befits individual interests.
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2 The PEAR Program [4,5]

The Princeton Engineering Anomalies Research program was established

in 1979 in the School of Engineering and Applied Science at Princeton Uni-

versity, for the purpose of systematic study of a selection of consciousness-

related anomalous physical phenomena that had for many years been re-

ported in the scientific and anecdotal literature, and that seemed to be

of growing potential pertinence to contemporary and future information-

processing technologies. As its title implies, it is intended as an academ-

ically based, engineering oriented, rigorously scientific research enterprise,

aspiring to increasing basic understanding of the fundamental processes

contributing to the anomalous effects, their implications for various schol-

arly disciplines, and their potential practical applications. Over its more

than a quarter century of activity, the program has involved a number of

interdisciplinary professionals, interns, students, support staff, visitors, and

hundreds of volunteer operators. Its results have been presented in some

fifty archival publications, and in a comparable number of more detailed

technical reports. Our website (www.princeton.edu/∼pear/) presents a

more comprehensive review of the history, style, and program of the labora-

tory, along with a full list of publications, many of which can be downloaded.

From its inception and throughout its subsequent history the research

agenda has comprised three interrelated topics: a) anomalous human/ma-

chine interactions; b) remote perception; and c) theoretical models. Here

we shall focus primarily on the first, with passing attention to the other

two.

3 Human/Machine Interactions

Over the course of the program, scores of simple physical devices have been

deployed as targets for interaction with our human operators. Most of

these have been electronic in character, but others have been mechanical,

optical, acoustical, or fluid mechanical in nature. All entail some form of

random physical process which can be conditioned into an output string of

binary digits, the expected combinatorial distributions of which are theo-

retically calculable and/or empirically calibratable. All are replete with a

variety of failsafes and controls that guarantee their integrity against arti-

fact or tampering, and only mature technologies are employed. Differential

technical logic, protocols, and analyses are used throughout to protect the

measurables from any spurious drifts or environmental contaminations.
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3.1 Electronic random event generators

As a specific example of this class of experiment, consider our benchmark

microelectronic random event generator (REG) whose primary noise source

is a commercial unit utilizing a back-volted solid-state junction, i.e., is

based on electronic noise. Conditioning of this source into an output string

of randomly alternating, regularly spaced positive and negative pulses suit-

able for prescribed counting, and their accumulation into essentially Gaus-

sian frequency-of-count output distributions are detailed in several refer-

ences [6,7,4].

The basic protocol calls for a human operator, seated in front of such

a machine but in no physical contact with it, to attempt, via some mental

strategy alone, to alter the output distributions in a pre-specified fashion.

Usually this is simply to shift the mean from its chance expectation to a

higher value (HI), to a lower value (LO), or to exercise no intention, i.e.,

to generate a baseline (BL). For all of the data reviewed here, the REG

devices were set to produce “trials,” each comprising 200 binary samples

(i.e., bits), accumulated at a rate of 1000/sec, for which the chance expected

mean µ = 100 and standard deviation σ = 7.071.

Fig. 1 displays the collective results of some 125,000 trials per intention,

achieved by one of our most productive operators over many years of such

experimentation, arrayed as cumulative deviations of count distribution

means from the chance expectation. For each of the pre-recorded direc-

tions of effort, we find a corresponding secular progression superimposed

on the stochastic background noise intrinsic to the binary combinatorial

process. The overall HI − LO separation is unlikely by chance to the order

of 10−8. (In this representation, the reference parabolas denote the loci of

0.05 chance probabilities for the cumulated data.)

Questions of the replicability and commonality of such anomalous ef-

fects, and the identification of their most salient correlates have been major

foci of our experimental efforts for nearly three decades, and even now no

unequivocal specifications can be made. On the one hand, we have had a

few operators who have maintained consistently impressive performances

like that illustrated in Fig. 1 over long periods of effort. Others have shown

less consistent patterns of achievement. Many have not exceeded chance

expectation, and a few have persisted in anti-correlations of their results

with their stated intentions. Nevertheless, when the performances of all

91 operators who have participated in these benchmark experiments are

concatenated into a composite cumulative deviation record, the overall HI

− LO separation is still unlikely by chance to the order of 10−4 (cf. Fig. 2).
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Figure 1. Cumulative deviations of REG mean shifts achieved by one operator over some
375,000 experimental trials.

Unattended calibration data taken concurrently with these active experi-

ments show no significant departures from chance expectation.

Since these collective data include a wide variety of individual opera-

tor database sizes, a more instructive display of the composite pattern of

operator performance can be made by plotting the individual HI − LO

differences in mean shifts achieved vs. the square root of the number of

trials performed by that operator (cf. Fig. 3). In this format, the loci of

statistical significance levels are nested hyperbolas like those shown, with

respect to both the chance mean and the composite shifted mean. The

deduction from such an array is that the overall effect is not attributable to

any particular “superstar” operators, but rather to a subtler combination of

incremental effects over the group as a whole, particularly those “prolific”

operators who have provided us with very large datasets.
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Figure 2. Cumulative deviations of REG mean shifts achieved by all 91 operators com-
prising a database of some 2.5 million trials.

3.2 Gender effects

Major experimental attempts have been made to establish primary cor-

relates of such anomalous effects, with some definitive, albeit surprising

results. For example, beyond the evident statistical correlations with the

pre-stated intentions of the operators, a strong gender disparity in their

performances also emerges from the overall database. In Fig. 3, for exam-

ple, male and female operators are designated by different symbols. Clearly

these do not comprise the same distributions. Rather, the modestly signif-

icant male mean shift is achieved by a relatively symmetrical and smooth

distribution; in contrast, the larger female mean shift is driven by a few pro-

lific operator positive results, diluted by a host of smaller datasets, many

of which are opposite to intention.

This stark “gender effect” can be statistically quantified by an elemen-

tary analysis as presented in Table 1, which breaks out the Z-scores of the

HI − LO mean-shifts (Z∆), the operator performance scatter with respect
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Figure 3. HI − LO mean shift separations achieved by 91 individual operators vs. their
database sizes.

to the chance mean (χ2∆) and with respect to the shifted mean (χ̂2∆), for var-

ious permutations of All/Male/Female, prolific/non-prolific operator pools.

The corresponding chance probabilities (p) are computed by comparisons

of χ2∆ and χ̂2∆ with the number of operators (No), or with (No−1), respec-

tively. Clearly the anomalous mean shift of the “All” database is driven

primarily by the prolific female operators, who also scatter their individ-

ual results, both with respect to the chance mean and with respect to the

shifted mean, to an extraordinary degree. By these same criteria, the male

performance, although milder, is much more consistent with intention.

Similar gender disparities appear in many of our other human/machine

experiments. In general, we have repeatedly found that although the fe-

male operators tend to provide larger individual databases, the males dis-

play significantly stronger correlations of mean shifts with their prerecorded

high and low intentions, relatively symmetrically displaced with respect to

their baseline results. The female data, in contrast, feature larger effect

sizes, albeit strongly asymmetrical and poorly correlated with intention,
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Table 1. HI − LO REG Data, by Operator Groups.

No Z∆(p) χ2
∆
(p) χ̂2

∆
(p)

All 91 3.81 (7× 10−5) 124.50 (.01) 109.99 (.07)
Males 50 1.87 (.03) 44.85 (.68) 41.33 (.77)
Females 41 3.38 (4× 10−4) 79.66 (3× 10−4) 68.22 (.0036)
Prolific 20 4.15 (2× 10−5) 63.85 (2× 10−6) 46.64 (4× 10−4)
Non-prolific 71 0.57 (.28) 60.65 (.80) 60.32 (.79)
Prolific males 9 0.70 (.24) 7.36 (.60) 6.86 (.55)
Prolific females 11 4.54 (3× 10−6) 56.49 (4× 10−8) 35.87 (9× 10−5)

and larger score distribution variances. Since no such gender differences

appear in experiments that yield null overall results, it appears that the

successful experiments comprise both of these classes of response superim-

posed, i.e., that the data have a substantial interior structure that reflects

operator gender [8].

The relevance of the gender factor has also been reinforced by bodies

of ad hoc experimental data produced by pairs of operators working in

concert. In these “co-operator” studies, it has been found that two opera-

tors of the same sex tend to produce results indistinguishable from chance,

or even slightly opposite to intention. In contrast, operators of opposite

sex tend to produce positive effects significantly larger than chance, indeed

substantially larger than those characterizing the same individual opera-

tors working alone. Yet more striking has been the observation that if

the opposite-sex partners are emotionally involved (“bonded pairs”), their

collective effect sizes are nearly an order of magnitude larger than those

attained by the single-operator pools [9].

3.3 Serial position effects

Additional subjective correlates have also emerged from these and other

databases. Particularly notable is the dependence of operator performance

on the number of major encounters with the particular experiment, usually

indexed in terms of completed “series” of trials (typically 1000–5000 trials

in each direction of attention, depending on the particular experiment). A

substantial retrospective analysis of prolific operator effect sizes over the

larger datasets has revealed clear correlation with the ordinal positions of

the experimental series, in both the collective and individual results. Specif-

ically, there are statistically significant tendencies for operators to produce

better scores in their first series, then to fall off in performance in their

second and third, and eventually to recover to some intermediate levels

during their fourth, fifth, or subsequent series. Such correlation appears in

both local and remote experiments and is also indicated over a sequence of
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other experimental protocols, but no such effects appear in the baseline or

calibration data [10]. Survey of standard psychological literature indicates

that similar patterns have been identified in more conventional experiments

on perception, cognition, and memory, suggesting that our anomalous se-

rial position effects are primarily psychological in origin, and may subsume

the rudimentary ‘decline,’ ‘primacy,’ ‘recency,’ and ‘terminal’ effects pro-

pounded in the parapsychological and psychological literature.

3.4 Space and time dependence

Additional subjective correlates will be mentioned in a subsequent context,

but here we should move on to address a number of objectively specifiable

(i.e., exophysical) correlates that are conspicuously absent. Most notable by

far is the statistical independence of the anomalous effect sizes on physical

distance and time [11]. A large body of REG data has been accumulated

in a protocol variant wherein operators have attempted to influence the

outputs at progressively larger separations from the machine, e.g.: from

an adjacent room; from local sites up to a few miles away; or from global

distances. The effect sizes achieved in these experiments show no statistical

dependence on this physical separation; i.e., the operators appear to be as

successful in shifting the means of the output distributions from thousands

of miles away as they are in the proximate experiments. Beyond this, indi-

vidual prolific operators seem to produce similar patterns of performance

in their local and remote efforts. Even more striking is the independence of

the results on temporal separations of the operator efforts from the times

of machine operation, up to plus or minus several days. In other words, the

operators also appear to be able to achieve substantial shifts in the machine

output distributions by exerting their intentions well before, or well after,

the actual data generation. Although the smaller sizes of these “remote”

and “off-time” databases somewhat restrains their statistical significance,

the effect sizes are comparable with, in some cases even larger than, those

established in the local experiments.

3.5 Source dependence: random mechanical cascade

A second reasonable exophysical parameter to explore for possible correla-

tions with the anomalous effects is the character of the machine itself, or

alternatively the nature of the random physical process embodied in that

machine. As mentioned, our experiments have utilized a wide range of

such sources: microscopic and macroscopic; electronic, mechanical, optical,

acoustical, and fluid dynamical; physically random and pseudorandom; all
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entertaining a variety of protocols, feedback modalities, and bit processing

rates. Here again, with the possible exception of some of the pseudorandom

sources, we have found little sensitivity of the anomalous effect sizes to the

specific character of the machines on which they are achieved, or to the

particular protocol variants.

Perhaps the most extreme example of this ubiquitous nature of the

effects has been demonstrated on a large mechanical facility known as a

Random Mechanical Cascade (RMC)[12]. Based upon a common statisti-

cal demonstration device known as “Galton’s Desk,” this machine allows

9000 polystyrene balls to drop through a quincunx matrix of 330 pegs, scat-

tering them into 19 collecting bins with a population distribution that is

approximately Gaussian. As the balls enter the bins, progressive counts

are accumulated photoelectrically, displayed as feedback for the operator,

and recorded on-line. Operators attempt to shift the mean of the devel-

oping distributions to the right or left, relative to a proximately generated

baseline distribution. As displayed in Fig. 4, the overall mean difference of

right versus left efforts concatenated across a total database of 87 series

(1131 runs per intention), has a probability against chance of <10−4, with

15% of the individual series significant at p < .05, and 63% conforming to

the intended directions. Prolific operator achievements tend to compound

marginally but systematically in cumulative deviation patterns character-

istic of the particular individuals and, in several cases, similar to those

produced by the same operators in microelectronic Random Event Genera-

tor (REG) experiments. Again we find stark gender disparities between the

female and male performances, which lead to an asymmetry in the overall

patterns of the differential effects, virtually all of which is attributable to

the female operators. Here too, the anomalous effects appear in comparable

magnitude in remote and off-time variants of the experiment.

These and similar results acquired from other random processors thus

suggest that whatever the fundamental nature of these anomalous effects

may be, it functions not so much in the technical dynamics of the sources,

per se, but in the statistical patterns of information they generate out of the

otherwise random backgrounds, and therefore it is with these patterns that

the minds of the operators, themselves functioning as information proces-

sors, must be interacting. That the former category of information can be

specified objectively, whereas the latter clearly involves subjective aspects,

must complicate any attempts to model the phenomena, but therein lies

their essence.
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Figure 4. Cumulative right minus left mean shifts achieved on a Random Mechanical
Cascade (RMC).

3.6 Composite results

To summarize these, and many other laboratory-based human/machine ex-

periments we have performed, the overall chance probability of the results

compounded from more than 1000 separate experimental series is less than

one part in 10−12 (z > 7), with an overall average effect size of the order of

10−4 bits deviation/bit processed [7]. The primary correlate of these effects

is the pre-stated intention of the operators; secondary correlates include op-

erator gender, serial position of the effort, and two other subjective factors

to be discussed below: resonance and perceived uncertainty. Notably ab-

sent as correlates are physical distance, time, and specific characteristics of

the target machines.

4 FieldREG Studies and the Role of Resonance

Beyond the explicitly demonstrated correlations of the anomalous REG

data with operator intention, gender, and serial position, another subjec-
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tive property has frequently projected itself anecdotally to equal impor-

tance, namely emotional resonance. Akin to the ineffable harmony one can

enjoy with a friend or loved one, with an automobile or computer, with a

musical instrument or delicate tool, it has been widely testified by our oper-

ators that a similar affection or involvement with the experimental devices

and tasks can facilitate the desired effects. The superior results achieved

by the bonded co-operators also suggest the efficacy of this quality in the

experimental environment. In an effort to explore this correlate more sys-

tematically, we have implemented an adjacent experimental program to

address the role of such subjective resonance in the anomalous creation of

objective information. It is called “FieldREG”[13,14].

These studies utilize miniaturized versions of our conventional REGs

(“microREGs”) that are sufficiently compact to allow their deployment in

a variety of group environments, such as ritual ceremonies, artistic per-

formances, sporting events, business meetings, diagnostic and therapeutic

counseling, etc. From such field applications, it appears that those venues

that engender strong collective resonance among the participants show

larger deviations of the REG output sequences from chance expectations

than those generated in more pragmatic or mundane assemblies. In fact,

as illustrated in Fig. 5, while FieldREG units deployed in the “resonant”

venues display much noisier than chance displacements of their digital out-

put strings, at a collective χ2 level of chance probability of 3.2×10−10, those

immersed in the “mundane” environments actually yield quieter traces than

expected by chance. While these experiments are still ongoing, we now have

in hand a substantial database of several hundred such applications, large

enough to assure that the observed results are not attributable to statistical

artifact, and that much is to be learned by further systematic research.

The analytical and theoretical complexities posed by these FieldREG

studies are quite severe. Although the importance of resonance as a com-

plement to conscious intention in stimulating the anomalous effects seems

well established, more detailed interpretation of the data records in terms

of the various possible statistical indicators that might be applied to the

direction and endurance of the anomalous excursions is not yet secure. Be-

yond that, the establishment of a database-management system that can

effectively index and correlate all of the subjective and objective parameters

that might conceivably bear on the form and magnitude of the anomalous

responses is a major enterprise in itself. All of these interpretive challenges

notwithstanding, the vision of a technology, however subtle and complex,

that could reliably sense the degree of coherent purpose and productive
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resonance prevailing in such diverse arenas of human dynamics as busi-

ness and industry, healthcare, education, athletics, artistic performance,

and creative scholarship, among countless others, and lead to beneficial

applications therein, seems to justify unlimited effort to bring to fruition.

The possible psychological implications of the intention/resonance com-

plementarity may also be pertinent to ongoing attempts to model the phe-

nomena. In the laboratory experiments, intention primarily implies menta-

tion at a conscious level, although there are some indications even here of

unconscious processing, e.g. in the generation of aberrant baselines, or in

the anti-correlations of certain operators’ performance with their stated

intentions. Resonance, on the other hand, especially in the FieldREG

situations, would seem largely to be an unconscious or visceral process,

stimulated by the emotional character of the prevalent environment. The

dynamical relationship between these two qualities of consciousness may

be pertinent to the emergence of the anomalous (exo)physical effects, and
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therefore to the conceptualization of models to represent them.

5 Remote Perception

Space will not permit any adequate review of the second major portion

of the PEAR program that we term “Remote Perception” (elsewhere la-

beled “remote viewing,” or more traditionally, “clairvoyance”), other than

to note that our experimental efforts here have replicated the successful

work of many others over recent decades [15,16,17,18], and that our par-

ticular contribution has been to develop and apply analytical methods to

quantify the degree of extra-chance information acquired using such experi-

mental techniques. Briefly, the basic protocol of these experiments involves

one participant, termed the “percipient” who, without resort to any con-

ventional sensory means, attempts to perceive and describe a randomly

selected geographical site at which a second participant, the “agent,” is

stationed at a given time. Both participants then render their descriptions

of the scene into free response transcripts, and subsequently into various

descriptor specifications which then may be compared via an assortment

of computerized scoring algorithms developed to quantify the degree of

information acquisition [19]. The principle findings of this extensive exper-

imental and analytical effort have been the following:

(i) For the database of 653 formal experimental trials performed over

several phases and modalities of the program, the cumulative extra-

chance information acquired reaches a statistical Z-score above 5.4

(p < 3× 10−8).

(ii) The experimental success is not notably dependent on any of the sec-

ondary protocol parameters tested, e.g. volitional vs. random target

selection; target categories and characteristics; diurnal or seasonal

aspects; single or multiple percipients; etc.

(iii) As with the human/machine experiments, the information yield also

shows no statistical dependence on the physical separation of the per-

cipient from the target, up to global distances, or on the time interval

between target visitation by the agent and the perception effort, up

to several days, plus or minus.

(iv) The amount of information acquired is strikingly anti-correlated with

the degree of complexity of the analytical formats imposed on the

percipients and agents in formulating their specifications of the target

scenes [20].
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It was the establishment of feature (iii) in these experiments that in-

spired the remote and off-time studies in the human/machine portion of

our program, which yielded similar results of statistical independence of

the effects on intervening distance and time. This in turn strengthened our

suspicion that these two superficially different genres of anomalous effect

actually were drawing from the same phenomenological well, with the only

distinction that in one case information was being inserted into an otherwise

random physical process; in the other, information was being extracted.

5.1 The role of uncertainty

Observation (iv) may have even more profound implications for conceptu-

alization and representation of these phenomena, in the sense that here we

may be encountering manifestation of an inescapable “consciousness un-

certainty principle” that inherently constrains our ability to achieve such

effects. This issue has been pursued in some detail in Ref. [20], and from

somewhat different perspectives in Refs. [4] and [21]. The generic concept

emerging from these empirical and theoretical considerations is that while

the emergence of consciousness-related anomalous physical effects seems

largely to be driven by a host of subjective factors, our efforts to demon-

strate, record, and quantify them necessarily entail the imposition of ob-

jective criteria and measurements. Unfortunately, the former appears to

be obstructed by the latter, and vice versa, and we are left with the chal-

lenge of finding a way to straddle the subjective/objective dichotomy with

some optimized compromise. In this case, our efforts to establish defen-

sible and quantitative remote perception data by successive refinements

of the analytical techniques seem to have progressively suffocated emer-

gence of the phenomenon. Whether this interference functions primarily

in the psyches of the human participants, or whether it is more endemic

in the physical character of the information itself, is unclear and possibly

unresolvable. Notwithstanding, similar indications have emerged from a

number of our other experiments, collectively suggesting that this uncer-

tainty is not merely a limitation on the attainable empirical precision, but

is evidence of the fundamental importance of informational “noise” as a raw

material out of which the anomalous effects are constructed. Comparable

examples could be cited from less controversial physical, technological, bi-

ological, and psychological venues wherein random processes also seem to

play essential roles in the establishment of orderly effects. Such a counter-

intuitive noise/signal dynamic, compounded with the other extraordinary
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characteristics of the phenomena, further challenges attempts to construct

viable models, as addressed in the following section.

6 Models

As for any scientific enterprise, consequential scholarly understanding of

these curious phenomena can advance only if the empirical results can en-

ter into dialogue with astute theoretical models. The problem we face here,

however, is that the experimental studies present such a bewildering array

of irregularities, contradictions, and departures from canonical, indeed from

rational and even intuitive, precedents and expectations that any classical

modeling strategies are essentially denuded of any hope of effectiveness.

Simply reprising our foregoing text, we are faced with the following daunt-

ing array of phenomenological characteristics that any proposed model is

obliged to accommodate:

• Tiny informational increments riding on stochastic backgrounds;

• Primary correlations of objective physical evidence with subjective

parameters, most notably intention, resonance, and uncertainty;

• Data distribution structures consistent with slight alterations in the

elemental binary probabilities;

• Statistical independence of the magnitude of the effects on intervening

distance and time;

• Complexly irregular replicability, including oscillatory sequential pat-

terns of performance.

These inescapable empirical aspects force abandonment of any direct appli-

cations or extrapolations of extant physical, psychological, or informational

models, and of necessity turn us toward more radical propositions, whereby

consciousness can assume a proactive role in the establishment of physical

reality, and deterministic causation is vastly generalized. The essential fea-

tures of such unconventional modeling approaches have been proposed in

the context of a “Science of the Subjective”[22], the challenge of which has

been specified in the following terms:

“Any disciplined re-admission of subjective elements into rigorous sci-

entific methodology will hinge on the precision with which they can be

defined, measured, and represented, and on the resilience of established sci-

entific techniques to their inclusion. For example, any neo-subjective sci-

ence, while retaining the logical rigor, empirical/theoretical dialogue, and

cultural purpose of its rigidly objective predecessor, would have the follow-

ing requirements: acknowledgment of a proactive role for human conscious-
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ness; more explicit and profound use of interdisciplinary metaphors; more

generous interpretations of measurability, replicability, and resonance; a

reduction of ontological aspirations; and an overarching teleological causal-

ity. More importantly, the subjective and objective aspects of this holistic

science would have to stand in mutually respectful and constructive com-

plementarity to one another if the composite discipline were to fulfill itself

and its role in society.”

Within this generic attitude, our particular efforts have converged on

three categories of model, each of which has been thoroughly described in

a number of publications and presentations. Here we can only sketch their

essence.

6.1 Quantum mechanics of consciousness

Quite early in the program we were struck by a number of similarities be-

tween the historical and conceptual evolution of quantum science and the

ongoing unfolding of the experience and representation of consciousness-

related physical anomalies. In both scenarios, classically respected concep-

tual and analytical models of reality have been challenged by the advent

of diverse bodies of new empirical data, made possible via the develop-

ment of more sensitive and reliable experimental equipment and techniques.

In each case extensive attempts to rationalize the anomalous data within

prevailing formalisms have been categorically and profoundly unsuccess-

ful, forcing postulation and development of a number of counter-intuitive

concepts. Some of those originally posed in the atomic-scale physical do-

main may offer potentially productive metaphorical associations with the

mind/matter issue, as well. Among these one could list the quantization of

energy and other physical observables; the wave/particle duality and the

wave mechanics of atomic structure; the uncertainty, complementarity, ex-

clusion, and indistinguishability principles; and the probabilistic character

of quantum observations. The proposition is that all of these might be

regarded as impositions by the experiencing consciousness, rather than as

intrinsic characteristics of the physical events, per se [21].

In this spirit, the concepts and formalisms of elementary quantum me-

chanics have been appropriated via suitable metaphors to represent the

characteristics of consciousness interacting with its environment. For exam-

ple, if consciousness is represented by a quantum mechanical wave function,

and its environment, including its own physical corpus, is represented by

an appropriate potential profile, Schrödinger wave mechanics yields eigen-

functions and eigenvalues that can be associated with the cognitive and
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emotional experiences of that consciousness in that environment. To ar-

ticulate this metaphor it is necessary to associate certain mathematical

aspects of the formalism, such as the coordinate system, the quantum num-

bers, and even the metric itself, with various impressionistic descriptors of

consciousness, such as its intensity, perspective, approach/avoidance atti-

tude, balance between cognitive and emotional activity, and “yin/yang” or

passive/active disposition. But with these in hand, certain computational

applications display metaphoric relevance to individual and collective expe-

rience, and in particular to our experimental situations. Specifically, such

traditional quantum theoretic exercises as the central force field and atomic

structure, covalent molecular bonds, barrier penetration, and quantum sta-

tistical collective behavior become useful analogies for representation and

correlation of certain consciousness experiences, both normal and anoma-

lous, and for the design and interpretation of experiments to study these

systematically. For example, our empirical resonance factor can be related

to molecular bonding; our gender effects to electronic spin and its pairing;

FieldREG results to collective particle behavior in potential wells; and the

conditional replicability features to the intrinsic statistical uncertainties of

all quantum phenomena. Intangible as these associations may be, they do

allow conceptual representation of mind/matter interactions wherein the

“anomalous” effects become quite normal expectations of quantum-bonded

human/machine and human/human systems.

6.2 Modular models

A second model, consonant with our introductory position statement, has

been proposed under the title of “A Modular Model of Mind/Matter Man-

ifestations (M5)”[1], and extended as “M*: Vector Representation of Sub-

liminal Seed Regime of M5”[2]. With reference to Fig. 6, the M5 and M*

models postulate that anomalous effects such as those we observe in our

experiments do not emerge from direct intercourse between the conscious

mind C and the tangible physical world T , but have their origin in the

depths of the unconscious mind U and in an intangible substrate of phys-

ical reality I wherein the Cartesian distinction between mind and matter

blurs and loses its functional utility. Both of these are misty domains of

uncertainty and potentiality, where space and time have yet to be defined,

let alone distinguished, and where information waits to be born. When

the conscious mind expresses a strong desire enhanced by a deep feeling

of resonance, that resonant intention can stimulate some process in the

unconscious mind that is reflected in the pre-physical potentiality, and sub-
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Figure 6. Modular taxonomy of anomalous information transfer.

sequently expressed in subtle biasing of probabilistic physical events, such

as the REG experimental outputs. This process also may work in reverse

order, as in the remote perception experience, where physical information

about the target scene diffuses into its underlying intangible composition,

whence it may exert some formative influence upon the unconscious mind of

the percipient, thence to emerge into a conscious experience and subsequent

description of the scene. With the more explicitly bounded regimes of the

conscious mind and manifest physical world thus indirectly linked via the

less constrained modules of the unconscious and the intangible substrates,

it should not be surprising to encounter apparently acausal correlations

between objective and subjective aspects that current exophysics classi-

fies as anomalous, but that a mature endophysics would regard as normal.

This model also raises, but does not attempt to resolve, the possible role

of a transcendental cosmic “Source” S which may permeate, inform, and

influence the entire modular configuration.
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The implications of this taxonomy for experimental design and inter-

pretation include subtler feedback schemes that facilitate submission of

conscious intention to unconscious mental processing; physical target sys-

tems that provide a richness of intangible potentialities; operators who are

amenable to such interactions; and an environmental ambience that sup-

ports the composite strategy. Requisites for theoretical extension of the

model include better understanding of the information flow between con-

scious and unconscious aspects of mind; more pragmatic formulations of

the relations between tangible and intangible physical processes; and most

importantly, cogent representation of the merging of mental and mate-

rial dimensions into indistinguishability at their deepest levels. Several of

our ongoing experiments have been designed specifically to test these and

other aspects of the predictions, but have not yet produced large enough

databases to permit definitive conclusions.

6.3 Consciousness filters

The concept of a dynamical two-way exchange between a primordial Source

and an organizing consciousness that was posed briefly in the M5 context

has been developed more thoroughly under the title of “Sensors, Filters,

and the Source of Reality”[3]. This model proposes that the common but

very limited local interactions of our personal consciousness with its prox-

imate environment are relatively superficial aspects of a vaster creative

process in which we could engage more proactively, whereby we might ac-

quire more profound information and alter our individual experience to

an extent dependent on the depth and breadth of the interpenetration of

our consciousness and the Source. These interactions are both ordered and

restricted by the intervention of an array of physiological, psychological, so-

cial, and cultural influences, or “filters,” which condition our perceptions,

and thereby our conscious experiences. Since most function on an uncon-

scious level, however, we seldom invoke interpretations of our experiences

other than those consistent with our filtered preconceptions. By bringing

these influences to a conscious level it becomes possible to re-tune the filters

of consciousness and thus to alter the experiential reality to a measurable

degree. In particular, such attitudinal tactics as openness to alternative

perspectives, utilization of transdisciplinary metaphors, ego-sacrificial reso-

nance, tolerance of uncertainty, and balancing of analytical rigor with emo-

tional involvement can enable experiential realities that draw more deeply

from the Source and are more responsive to intention, desire, or need, to

an extent consistent with our empirical laboratory evidence.
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It should be evident that all three of these genres of conceptual model

share some features with a host of mystical and religious practices. They

also conform to some degree with the prevailing distinctions in contempo-

rary theoretical physics and philosophy of science between epistemic and

ontic domains or, in the parlance of this conference, between exophysics and

endophysics, and their relationship to one another. Perhaps more to the

point, they each acknowledge the role of pertinent experiential data, both

objective and subjective, in their conception, construction, and verification.

And that, of course, has been the purpose of this presentation.
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Abstract—For more than a quarter century, the Princeton Engineering Anoma-
lies Research (PEAR) laboratory has engaged in a broad range of experiments on
consciousness-related physical anomalies and has proposed a corresponding
selection of theoretical models that have combined to illuminate the fundamental
nature of the provocative phenomena that emerge. Productive pursuit of this topic
has inescapably involved a spectrum of political, cultural, personal, and inter-
personal factors that are normally not encountered in more conventional scientific
scholarship, but have both enriched and complicated the enterprise in many ways.
Some of the insights gleaned from the work are objectively specifiable, such as the
scale and structural character of the anomalous effects; their relative insensitivity
to objective physical correlates, including distance and time; the oscillating
sequential patterns of performance they display; the major discrepancies between
male and female achievements; and their irregular replicability at all levels of
experience. But many others relate to subjective issues, such as the responsiveness
of the effects to conscious and unconscious intention and to individual and
collective resonance; the relevance of ambience and attitude in their generation;
and the importance of intrinsic uncertainty as a source of the anomalies. This
blend of empirical features predicates radical excursions of the dedicated models,
and hence of the more general scientific paradigms, to allow consciousness and its
subjective information processing capacities a proactive role in the establishment
of objective reality, with all of the complications of specificity, causality, and
reproducibility that entails. The attendant complexities of conceptualization,
formulation, and implementation notwithstanding, pragmatic applications of
these phenomena in many sectors of public endeavor now can be foreseen.
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I. Prologue

Any attempt to retrace the 26-year path of the Princeton Engineering Anomalies
Research (PEAR) program must recognize that this has by no means been a
monofilamentary technical endeavor. Rather, the primary scientific strands have
been tightly interwoven with a number of philosophical, economical, political,
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cultural, personal, and interpersonal fibers that have both constrained and
enriched the course of research. Some of these components lend themselves
comfortably to exposition in an academic journal; others less so, requiring the
reader to interpolate between the lines of necessarily sanitized descriptions.
Beyond that, it is difficult to sequence the reportage to follow the courses of the
individual elements coherently, while still retaining some chronological fidelity
to their composite evolution. Notwithstanding, whatever intellectual and intuitive
wisdom has been acquired in this program has devolved from the dynamic,
synergistic intertwinement of its multivaried threads of past, present, and future
contexts and perspectives, rather than from any particular one of them, per se, and
it is to this interplay that this article is addressed. Indeed, this evolution could
well be represented from a variety of other perspectives wherein a philosophical,
psychological, mystical, biographical, or historical tone would dominate the
reportage, with the technical and analytical details interwoven as credibility
embellishments, as is commonly done in popularized addresses to the topic.

For our Journal of Scientific Exploration (JSE) readership, however, this
article will retain a basically scientific perspective, albeit one requiring greater
breadth and depth to accommodate the empirical correlates than is typically
allowed in most other technical areas. To minimize the dimensions of this
paper, we shall make frequent reference to our original attempt to display the
inescapable multidisciplinarity of this topic in the book Margins of Reality:
The Role of Consciousness in the Physical World, first published in 1987.(1)

While the empirical results, theoretical models, and conceptual interpretations
presented therein have been greatly extended by two decades of subsequent
work, much of the ancillary contextual material remains quite valid to more
contemporary renditions. Similarly, extensive reference will be made to the
numerous archival publications and technical reports written over the course of
the program, many of which now may be downloaded from our website hhttp://
www.princeton.edu/;pear/i.

II. Genesis

As recounted in more detail in Margins, the establishment of the PEAR
program was stimulated by some rudimentary studies involving a microelectronic
random event generator (REG), undertaken in an undergraduate independent
project supervised by one author (R.J.) over the period 1977–79. The enigmatic
mind/matter results that surfaced in the course of that project raised provocative
epistemological implications for the basic sciences, pragmatic implications for
technological applications, and metaphysical implications for personal, inter-
personal, and cultural belief systems and behavior. Clearly, more substantial
investigation was predicated, but the prospect of mounting a research program
of a scale and character competent to render definitive answers to the host of
strategic and philosophical questions swirling around such an investigation was
daunted by a recalcitrant university administration and a dearth of scholarly
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colleagues willing and competent to collaborate in such an enterprise. More
serendipitously, however, there was also at that time a compensatory eruption of
intellectual, emotional, and not least, financial encouragement from a number of
powerful supporters outside of the university who were unflinching in bringing
their stature, influence, and fiscal resources into play (cf. ‘‘Acknowledgments’’).
After a tedious period of frequently frustrating and occasionally amusing nego-
tiations within the university, the program was authorized and officially launched
in June 1979. Minimal laboratory space was carved out of a storage area in the
basement of the Engineering School complex, which to this day remains the
storied technical and social home of the fully international PEAR operations.
Recruitment of appropriate staff was begun, an initial sequence of experiments
was designed and implemented, and a stream of data began to flow.

Early on, the title ‘‘Princeton Engineering Anomalies Research’’ was selected
to emphasize that this program was (a) academically based; (b) impelled by, and
primarily addressed to, technological implications; (c) focused on initially inex-
plicable physical phenomena; and (d) pursued via rigorous scientific methods. (In
a classic piece of Jungian synchronicity, while the decision to adopt this nomen
and its acronym was being debated at a private lunch in a small coffee shop, the
authors noticed that the salt and pepper shakers were in the shape of pears, that
the salad involved pears, and that the dessert menu featured pear cake. (Nor was
the linguistic similarity of the label to its intellectually bonded pair of authors
overlooked in its adoption.)

All of the technical, philosophical, and political steerage of the program
through its birth pangs and infancy was shared in close dialogue between the
two authors, even before the latter (B.D.) began her formal appointment as
Laboratory Manager. During this same period, the Director (R.J.) endeavored to
maintain some scholarly credibility and administrative authority in his tetra-
valent roles as Dean of the School of Engineering and Applied Science, Professor
of Aerospace Sciences, director of a major research program in advanced space
propulsion systems, and leader of this embryonic engineering anomalies research
enterprise. From its conception, it was agreed that the overarching purpose of the
program was to be a scientifically rigorous, empirical and theoretical study of
anomalous interactions of human consciousness with random physical processes,
with particular attention to the following hierarchy of questions:

1. Are such mind/matter anomalies legitimate?
2. Are they amenable to systematic scientific investigation?
3. What is their scale?
4. Do they display characteristic structural features?
5. What are their primary physical correlates?
6. What are their primary subjective correlates?
7. What is their empirical replicability?
8. Can theoretical models be constructed?
9. What are their scholarly interfaces with other technical disciplines?

PEAR Proposition 197



10. Are they related to other creative or aesthetic domains?
11. What are the implications for scientific methodology?
12. What pragmatic applications can be foreseen?
13. What are the broader cultural or metaphysical implications?

The subsequent course of this program has attended to this sequence of queries
rather closely and, to varying degrees, substantial responses to each of them can
now be made with some confidence, as outlined throughout this article.

To address this matrix of questions, it also was agreed at the outset that the
research agenda should comprise three synergistic parts:

1. Experimental studies of the interaction of human operators with a broad
variety of devices that embodied some forms of random physical
processes, with the goal of assessing how much information, in the
classical objective sense, could be imparted by anomalous means to their
output data streams.

2. Complementary experimental studies of the remote perception genre,
to assess the degree of information about specified physical sites that
could be acquired by a human percipient by other than physiological
sensory means.

3. Construction of theoretical models that could dialogue with both classes of
experiments, to aid in their design, evaluation, and interpretation, and
eventually to enhance fundamental understanding of the phenomena.

Throughout the history of the program, the symbiotic technical and philosophical
reinforcement of these three components has continued to be demonstrated and
utilized, and has remained an important aspect of the phenomenological and
theoretical representations.

It was clear from the start that the inescapably multidisciplinary character
of the topic demanded a comparably multidisciplinary staff, and such was se-
quentially recruited and phased into an atypical but remarkably coherent and
effective research team. In addition to a director drawn from the basic and applied
physical sciences and engineering, and a laboratory manager trained in devel-
opmental psychology and broadly cognizant of philosophical, spiritual, and
mystical traditions, the laboratory staff has comprised a selection of psycholo-
gists, physicists, engineers, and social scientists. Some of these have been as-
sociated with the program for many years, others have been more transitory, but
all have contributed in important ways to the effectiveness of the operations and
to the growth of understanding.

III. Early Results

The original human/machine experiments performed in the young PEAR
program employed a first-generation random event generator (REG) based on
a commercial noise diode, and were performed by only a few human operators,
none of whom claimed exceptional abilities. Suitably conditioned, this noise

198 R. G. Jahn & B. J. Dunne



source emitted data streams of 200 binary digits per experimental trial, which
under calibration conformed precisely to the Gaussian representation of random
combinatorial samples.(2) The operators attempted, following pre-recorded
intentions, to induce the device to yield higher, lower, or undeviated (baseline)
mean values of its output distributions.

The first formal batch of data produced by the most prolific of these operators
under these rigorous experimental conditions proved seminal to the entire future
course of the program. As displayed in Figures 1a through c and Refs. 1–3, it was
indisputably evident that this operator had succeeded in shifting the mean of the
high-intention (HI) and low-intention (LO) outputs in the intended directions,
while the null-intention or baseline (BL) data were indistinguishable from cali-
bration or theoretical chance expectation. The anomalous effect sizes were quite
small, of the order of 0.002 bits/bit deviation from chance, but even for this
rather small database (5000 trials per intention), the statistical significance of the

Fig. 1. First formal results of one operator’s intentions on REG output count distributions,
superimposed on theoretical chance expectation: a) baseline data; b) high- and low-
intention data; c) best binomial fits to high and low data.
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HI – LO separation was inescapable, of the order of 10�6 likelihood by chance.
The patterns of progression of the HI, LO, and BL mean shifts as the database
accumulated were best displayed as cumulative deviation plots, like those
sketched in Figure 2 for this same body of data.

These initial results immediately raised a ladder of derivative questions:

1. Could this same operator continue to produce anomalous correlations
with a high degree of replicability?

2. Could other operators produce similar effects?
3. If so, how did their individual results differ?
4. Could structural features of their output distributions other than the

means be affected?
5. What personal characteristics of the operators were relevant?
6. What operator strategies or protocol variants were most effective?
7. How important was the mode of feedback provided to the operators?
8. Were the details of the random source important to the occurrence or

scale of the effect?
9. What were the spatial and temporal dependencies?

10. Could pseudorandom or other deterministic sources be similarly affected?
11. What forms of theoretical model could be posed to accommodate such

effects?

Fig. 2. Same data as Figure 1, displayed as cumulative deviations of trial mean values, vs.
accumulated number of 200-sample trials: high intention (HI); low intention (LO); null
intention or baseline (BL). (The parabolas on this and subsequent figures are the loci of
the 0.05 chance probabilities traditionally used as statistical significance criteria.)
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Question #1 has been answered affirmatively over many subsequent years of
continuing participation of the original operator in this and other closely related
REG experiments. For example, Figure 3 shows the cumulation of results of
some 125,000 trials, each comprising 200 sampled bits in each of the three
intentions, acquired by this same person over the first decade of the PEAR
program. Note that although the initial rates of anomalous correlation with the
directions of intention have not been fully sustained, the overall secular progress
of the deviations from theoretical mean expectation, calibration, or baseline
results over this huge composite database have continued to carry the HI, LO,
and HI – LO terminal probabilities well beyond any reasonable chance inter-
pretation ( pHI ’ 2 3 10�6; pLO ’ 5 3 10�4; pHI � LO ’ 10�8).

The second question has been addressed over the same period by the deploy-
ment on the same experiment of 90 other volunteer operators, all anonymous and
claiming no special talents, with the results displayed in Figure 4. From their
composite database, three features have emerged: a) statistically significant
deviations of the HI ( p ’ 0.0004), LO ( p ’ 0.02), and HI – LO ( p ’ 0.0001)
data from chance expectation have been maintained; b) the average effect sizes in
this database are slightly smaller than those of the original operator; and c) the
baseline data also display a positive secular drift which, while not statistically
significant (two-tailed statistics required in absence of an intended direction),
nonetheless hints at more subtle operator influences. Throughout this extended
period of experimentation, the unattended calibration data continued to fall well
within chance behavior.(4)

Fig. 3. Cumulative deviations of all mean shifts achieved by the same operator as Figure 2 over
entire database of some 125,000 trials per intention.
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Study of the remaining nine issues has required subdivision of each of the
questions into various subordinate queries, predicating correspondingly dedi-
cated experimental protocols, equipment, and/or data analyses. These will be
sketched sequentially in later sections.

* * * * * *

Over the same early period of human/machine experimentation, we also
initiated a sequence of remote perception experiments which largely followed
the successful protocols developed by B.D. at her previous institutions,(5) but with
an important additional feature. Namely, although the first results of these
experiments, like their predecessors, displayed many striking impressionistic
correlations between target features and the percipient transcripts, and while
human judging evaluations of the overall similarities of the perceptions to the
targets compounded to impressive ranking statistics, it nevertheless became clear
that a more feature-specific, quantitative, analytical judging procedure would be
desirable. The basic concept selected for this effort entailed the use of a finite
net of binary descriptors which could be applied to both the targets and their
perceptions, the correspondences of which then would provide the basis for
quantitative scoring of each perception attempt.(6) The evaluation of such ana-
lytical scoring techniques rapidly acquired a life of its own, with many variants of
the descriptor lists, response options, normalization strategies, and descriptor
effectiveness evaluations attempted.(7) Utilizing these methods, a range of pos-

Fig. 4. Cumulative deviations of all mean-shift results achieved by all 91 operators comprising
a database of some 2.5 million trials.
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sible phenomenological correlates was explored, such as the manner of target
selection, the number of percipients addressing the target, the distance between
the percipient and the target, and perhaps most importantly, the time interval
between the percipient’s effort and the agent’s presence at the target.

Details of the empirical and analytical remote perception studies, their re-
lationship to the human/machine experiments, and the insights they have
provided on the roles of uncertainty and information in such a hybrid
subjective/objective experimental entwinement will be presented in Section VII
of this paper. Only to be noted at this point is that these results also have
displayed an array of indicators of anomalous information acquisition similar
to, in fact larger than, those apparent in the human/machine information-
addition experiments. Indeed, despite the superficial dissimilarities between the
remote perception and the human/machine protocols, on several occasions
particularly bemusing effects in one of them have prompted examination of
comparable aspects of the other. For example, the remarkable insensitivity of
the remote perception results to both the distance of the target from the
percipient, and to the time interval between the perception effort and the target
visitation by the agent, led to a parallel series of remote, off-time human/
machine experiments, whose yield proved comparable to that of the
corresponding local experiments (cf. Section V-c).

* * * * * *

Consistent with its charter agenda, the program recognized from the start that it
could not qualify as a fully scientific endeavor in the absence of some form of
theoretical model, however crude and abstract that might first be, to engage in
dialogue with the experimental results. The extensive historical and contemporary
literature of attempts to model psychic phenomena in psychological, philosoph-
ical, metaphysical, physical, geophysical, and mathematical terms(8) was
thoroughly explored, and found to be seriously deficient in accommodating the
empirical data, and conceptually unconvincing. It became clear that only major
metaphoric extrapolations of existing formalisms that could encompass the sub-
jective, as well as the objective, aspects of the human/machine and remote per-
ception interactions held any hope of providing explicative and predictive
capability. As a first attempt, we proposed appropriation of observational quantum
mechanics as a philosophically consonant concept base.(9) While this sacrilegious
extrapolation raised considerable bleating from the canonical physical science
community, it actually has proven enduringly helpful to our own endeavors in
conceptualizing the phenomena, designing the experiments, and interpreting their
results. Further details of this model, and of others that have subsequently been
developed, are presented in Section VIII.

IV. Ancillary Strands

As mentioned earlier, in parallel with the development of the technical sub-
stance and style of the research program, a number of interpersonal and political
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fibers woven from within and without the university have influenced the
evolution of the program, some productively, some to its detriment. Among our
immediate faculty and administrative colleagues, the initial suspicion and
resistance that attended the birth of the project has diffused over the years into
a somewhat milder, albeit more widespread and generalized, disparagement. In
some cases this has been expressed by covert ridicule, in others by grudging
concession of academic freedom, and in others by uneasiness in public discussion
of the subject. Yet, some private interactions with these same people have led to
shy confessions of personal interest, rooted in past experiences deemed too
embarrassing for more public acknowledgment. More despicable have been a few
sanctimonious attempts by self-styled critics to discredit the work among their
audiences of students, administrators, or less technically cognizant colleagues.
Fortunately, and to their great credit, many of the recipients of this derisive
commentary have seemed largely to recognize its vacuousness, and to prefer to
assess the issues for themselves. (For the musically inclined, a remarkably apt
theme song for this undercurrent of pseudo-scholarly sabotage would be the
famous aria ‘‘La Calumnia’’ from Act 1 of Rossini’s opera, The Barber of Seville,
wherein one of the villains suggests to another that the hero can be discredited by
a few slanderous innuendoes, amplified by the inevitable public propensity to
sanctimonious tongue-clucking.)

Personally unpleasant as this naysayer rhetoric has been, its more serious
consequences have been the inhibition of what could have been highly productive
scholarly collaborations, particularly with a few other engineers, physicists,
psychologists, and philosophers of science for whose own research this work has
held considerable relevance. It also has precluded the establishment of a viable
curriculum of instruction for interested undergraduate and graduate students, and
discouraged some potential financial donors who have aspired to fund truly
interdisciplinary study of these phenomena at a university of this stature. For
example, at one point we attempted to facilitate some scholarly colloquy between
the PEAR program and other potentially relevant faculty projects in engineering,
psychology, and philosophy via the establishment of a ‘‘Human Information
Processing Group.’’ Initially funded quite handsomely by a philanthropic foun-
dation, it went through the administrative motions of appointing staff and
effecting procedures to catalyze interactions among several researchers who were
individually addressing various pertinent topics in cognitive science, robotics,
expert and complex systems, as well as our own engineering anomalies. Un-
fortunately, the traditional epistemological, tactical, and jurisdictional bound-
aries separating these topics never were effectively penetrated, and the presence
of the anomalies work in the mix proved too much of an anathema to some of the
participants, with the result that the interaction did not flourish intellectually and
eventually was abandoned by its sponsor. Its only enduring accomplishment was
the establishment of an undergraduate course in human/machine interactions
which became quite popular with the students and continues to be team-taught to
a full house each year. (In all of this, we have had frequent recourse to Friedrich
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Nietzsche’s injunction to love our enemies because they bring out the best in one,
or to its corollary that what does not destroy us, makes us stronger.)

Lacking other viable possibilities for effective interdisciplinary collaborations
on our campus, we undertook to recruit, organize, fund, and activate an elite
group of outside colleagues from this country and abroad, each of whom was
a recognized authority in some conventional discipline, but also shared a com-
mon interest in the role of consciousness in the establishment of physical reality.
Named the ‘‘International Consciousness Research Laboratories’’ (ICRL), this
consortium originally comprised eight research fellows who collectively com-
bined perspectives from the physical sciences, life sciences, engineering,
anthropology, archaeology, psychology, philosophy, and medical practice.
Eventually this organization was chartered as a 501(c)(3) non-profit public
philanthropy, overseen by a five-member Board of Directors, in which format its
agenda has converged to three principal activities: an array of collaborative
research projects; plenary meetings to exchange research results and new ideas;
and the provision of internship opportunities for young scholars. More recently,
it has fused its intellectual, financial, and administrative resources with a select
group of some 60 gifted young scholars committed to interdisciplinary research
and dialogue on the centrality of consciousness in all areas of human experience.
Referred to as ‘‘The PEARtree,’’ since the majority of its members have spent
time at PEAR as volunteers or interns over the years, this community continues
to constitute an important supplement to the research and educational outreach
of ICRL and of PEAR itself. (More details of the ICRL tree structure and
activities can be found on the website: hwww.icrl.orgi).

Further constraints on the propagation of research results into other scholarly
communities have been imposed by some professional societies and their vaunted
archival journals. Attempts to publish basic research articles to stimulate critical
colloquy have been met with categorical rejection without any formal reviews, on
flimsy grounds of ‘‘inappropriate topic for this society;’’ ‘‘insufficient member-
ship interest;’’ or ‘‘no established peer group.’’ On one occasion an editor
responded with the quip: ‘‘When you are able to transmit this text to us
telepathically, we shall consider it seriously.’’ One notable early exception to this
dreary drill was the acceptance in 1982 by the Proceedings of the Institute of
Electronic and Electrical Engineers of a major review article entitled ‘‘The
Persistent Paradox of Psychic Phenomena: An Engineering Perspective.’’(8) It was
followed by a vigorous exchange of letters in the same journal, and subsequently
our laboratory received thousands of requests for reprints of this article. Yet, when
we inquired of the managing editor some years later whether he would entertain
a sequel, he responded that his board had embargoed any such proposition on the
grounds of a lack of interest on the part of their readership. A second positive
exception was the publication in 1987 (after some 15 separate peer reviews!) by
the Foundations of Physics of our aforementioned theoretical model entitled ‘‘On
the Quantum Mechanics of Consciousness with Application to Anomalous
Phenomena.’’(9) But again, despite the frequent subsequent citations of this paper,
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further submissions on any other aspects of our work were subsequently
discouraged on the basis of the ‘‘irrelevance’’ of the topic to physical science.

Over the same period, many other reputable scholars of anomalous physical
phenomena had encountered similar exclusions from established channels of
scholarly dissemination, and it was inevitable that these outcasts eventually
would band together to establish their own forum for critical representation and
discussion of their work. This manifested in 1978 as our Society for Scientific
Exploration (SSE) and its Journal of Scientific Exploration. Under the pioneering
leadership of Peter Sturrock and a small group of Charter Members, SSE has
grown slowly but steadily, not only in the size and quality of its membership and
its journal, but in the maturation of its purposes and its strategies for achieving
them. In particular, its original primary goal of legitimizing anomalistic research
in the eyes of the established scientific communities gradually has become
superseded by a growing confidence that the bodies of work encompassed by the
Society actually are establishing several new frontiers of future science, rather
than merely challenging its past boundaries. As a strategic corollary to this
premise, the Society has placed progressively more emphasis on attracting and
providing intellectual resources for interested young scholars, vis-à-vis courting
the scientific Old Guard. In this evolution of SSE, and thereby of the world of
canonical science, PEAR has endeavored to play some role, and has certainly
benefited from that effort. Most notably, the peer-reviewed journal and the
annual conferences of the Society have provided productive scholarly forums for
critical consideration of our work and its representation to the several scholarly
communities that convene under the SSE panoply.

Also counterbalancing the surrounding muddy puddles of negativity has been
the spontaneous emergence of major intellectual, financial, and moral support
of the PEAR program by powerful leaders from the academic, industrial,
philanthropic, and government sectors, who unflinchingly have placed their own
reputations at risk to assert the intellectual and pragmatic importance of work such
as this. Two university presidents, two captains of industry, several foundation
heads, three Nobel laureates, two congressmen, an undersecretary of defense, and
an international head of state at one time or another have risen in public defense
and support of this program, and the enduring confidence and friendship of people
of this stature has been at least as precious to us as their more tangible
contributions. With particular reference to the governmental interfaces, from time
to time numerous individuals from various policy-level offices in the intelligence,
defense, basic research, space, legislative, and executive branches have displayed
interest in PEAR’s work. Our inability to accommodate classified projects or
information, and our commitment to maintain student access and free publication,
necessarily have restricted these dialogues somewhat, and have precluded them as
sources of funding, but we nonetheless have given invited presentations at many
federal agencies and laboratories, and on one occasion, two high government
officials visited our university president personally to assure him of the pertinence
of our program to the nation’s long-term interests.
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Another constituency that has required particularly careful handling has been
the public media. The immense reach of this establishment in disseminating
information and attracting widespread interest can be severely compromised
by its generic tendencies to exaggerate, distort, and sensationalize scholarly
material, and through several frustrating experiences we have learned to be
highly selective and demanding in any media representations. At one point it
became necessary to add to our staff a ‘‘Communications Director,’’ one of whose
major responsibilities was to screen media overtures and restrain presentations to
some level of intellectual and conceptual relevance and sanity. Even so, over the
years scores of literary, radio, and video presentations have been propagated.
Those that were done well have broadened our pool of public interest, attracted
new operators, and stimulated financial support. Those that were less well styled
have had to be written off as transitory embarrassments.

The program also has attracted interest from other public domains such as health
care, education, business, theology, art, and philosophy, wherever the practi-
tioners and proponents have been able to grasp the relevance of our consciousness-
correlated anomalous physical results for verification and comprehension of their
own heretofore heuristic and intuitive experiences and activities. Most of these
interfaces have proven profitable in both directions, i.e., any validations and
encouragement we have been able to provide these practitioners have been more
than compensated by insights we have gleaned from discussions of their own
perspectives, experiences, conceptualizations, and heritages.

These several forms of professional and public representations, along with
more spontaneous word-of-mouth propagation of the laboratory’s activities and
reputation, have stimulated a blizzard of requests for visits to our facilities;
involvement as operators; collaborations with other programs; presentations to
academic, professional, business, and community groups; attention to personal
reports of spontaneous anomalous phenomena; sharing of personal ideas, plans,
and convictions; and confrontations with a host of skeptical challengers. Sorting
this plethora of positive and negative attention down to a level and quality that
would not excessively impede the daily activities and intellectual headway of the
research has been a demanding burden, and a far from precise process. In many
cases, solicitations from individuals bearing impressive credentials and claiming
intense scholarly interest have manifested as na�ve, ineffective, or troublesome
digressions that have consumed substantial program resources with little derived
benefit. Yet, in other cases, superficially less promising visitors have unexpect-
edly become productive operators, useful administrative volunteers, and stimu-
lating professional colleagues.

Most precious among this latter category has been the growing number of
students and other visionary young people who, via a variety of stimuli, have been
drawn to involvement in our program, either directly or remotely. Their openness,
idealism, and vigor have been the least cowed by the prevailing intellectual and
cultural recalcitrance, and they have been the most venturesome breakers of fresh
conceptual ground in their own scholarly explorations. Despite the absence of

PEAR Proposition 207



any curricula, degree-granting programs, or encouragement by their canonical
faculties and supervisors, these students somehow have found their way into our
laboratory and literature to experience for themselves in various less formal ways
the spirit and substance of the ongoing intellectual quest. For some it has been no
more than a brief visit or two; for others it has been involvement as operators;
for others, an informal internship, or a freely chosen piece of independent
research. Several of these student projects, like the one that initially stimulated
the establishment of the program, have led to viable and instructive formal
experiments. Few of these people have received any financial compensation for
their work, and most of them have encountered some share of the skeptical
derision that has hovered around the program and its topics. Notwithstanding,
a large proportion of them have retained on-going contact with the laboratory, and
have shown clear evidence of having been significantly influenced by it. Beyond
the SSE Young Investigators and ICRL/PEARtree initiatives mentioned above,
we have presided over the operation of two successful summer academies for
such young participants, which in turn have led to numerous research collabo-
rations, publications, an electronic network for PEAR-conditioned scholars, and,
most importantly, a growing family of peers who share the vision of an emerging
science of the subjective. We are persuaded that on the branches of such a tree, the
fruits of essential future understanding and creativity will emerge, and the
propagation of the wisdom embedded in this topic will be borne.

V. Salient Correlations in Human/Machine Anomalies

a) Operator-Specific Discriminations

With these peripheral fibers thus introduced into our PEAR tapestry, let us
return to the list of secondary questions that emerged from the first phase of
successful experiments described in Section III. For this purpose, we shall make
no attempt at a full or sequentially systematic review of the many technical,
psychological, and environmental parameters that actually have been studied
over the course of the program. Rather, we shall focus on those discriminators
that have displayed strongly anomalous correlations with the machine outputs (or
strongly anomalous lacks of correlation therewith), and thus can contribute most
incisively to theoretical conceptualization and modeling, the design of latter-
generation experiments, and the improvement of understanding of the
phenomena. And again, we shall refer heavily to our previous publications on
these topics.

In reviewing even this restricted menu of acquired insight, it is important to
remember throughout that we invariably are dealing with very small anomalous
effects that are superimposed on much larger, broadly diffused random distri-
butions. In fact, in most of these cases our data themselves qualify as essentially
random distributions whose mean values are displaced only slightly from those
of a perfectly balanced binary combinatorial (i.e., one derived from a sequence
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of binary events characterized by an elemental probability of precisely pb¼ 0.5).
The point is illustrated by Figure 5, which superimposes typical REG anomalous
effect sizes on theoretical distributions for pb¼0.500000 and for the best-fit case
of pb ¼ 0.500105.(4) The corresponding chi-squared (v2) goodness-of-fit values
for the distribution of experimental data significantly favor the latter model, but
no further discrimination of the data structure is possible in this format.
However, a more detailed and quantitative display of this output characteristic
may be obtained by plotting the deviations of all of the individual count values
from their corresponding pb¼ 0.5 chance expectations. As illustrated in Figures
6a and b, within statistical expectation the fractional displacements are linearly
arrayed, the most parsimonious interpretation of which is that the anomalous
mean shifts are achieved simply by changing the binary bit probability to pb ¼
0.5 þ e, where e denotes a small adjustment characteristic of the particular
experiment and operator.(10)

A second important recognition for all of these explorations is that the
statistical merit (Z-score) of any body of anomalous results scales linearly with
the prevailing average effect size, and with the square root of the number of data
samples (e.g. bits, trials, runs, series, etc.). This feature is utilized in Figure 7,
where individual operator data values are plotted on orthogonal coordinates
of mean shift and square root of number of trials.(4) In this frame, the loci of
constant Z-scores or corresponding probabilities are nested hyperbolas like those
shown. It follows that progression outward to higher statistical significance can
be achieved either by larger effect sizes, or by larger databases, or by some

Fig. 5. Distribution of HI – LO mean-shift separations for the same 91-operator database as Figure
4, superimposed on theoretical distributions with means of dl ¼ 0 ( pb ¼ 0.500000) and
dl¼ 0.042 ( pb¼ 0.500105).
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combination thereof. Alternatively stated, operators displaying relatively modest
effect sizes nonetheless can attain high statistical significance by sustaining
them over very large databases; operators with small databases must achieve
much larger effect sizes for their results to qualify as anomalous.

For the two reasons just cited, it is extremely difficult, and potentially quite
misleading, to attempt to rank the effectiveness of particular operators on the
basis of anything but very large individual databases. For smaller datasets, any
anomalous increments are inextricably superimposed on much larger, in-
trinsically unspecifiable portions of the underlying chance distributions, so that
any attained score may entail only a slight increase, or even a slight decrease, of
an already high, low, or mid-range chance value. Hence, only over very large
individual or collective datasets can convincing anomalous trends emerge. This
recognition has prompted the identification of a particularly precious subset of
our participants, termed ‘‘prolific operators,’’ whose dedication to the work has
inspired them to produce large enough databases that inter-operator comparisons
and structural analyses of their results make some statistical sense. For all other
operators, the only recourse is to pool their results in search of composite trends,

Fig. 6. Fractional deviations of individual count populations from their chance expectations, with
superimposed linear fits and corresponding first and second regression coefficients: a) HI
data; b) LO data.
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while guarding both procedurally and analytically against optional stopping
artifacts that could prejudice the smallest datasets.

With these caveats in place, closer examination of graphical displays of data
such as Figure 7 can yield some insights into the operator-specific characteristics
of the anomalous effects alluded to in queries #3–7 of Section III. For this
particular body of data, for example, first to be noted is that of the 91 operators
contributing to this database of over 1.5 million experimental trials, the results of
only six lie outside the 0.05 confidence hyperbola in the intended direction of HI
– LO separation, while two others fall outside in the direction opposite to
intention, compared to the roughly 4.5/4.5 expected by chance. This hardly
overwhelming result is complemented by the observation that 47 of the operator
points lie above the chance mean and 44 below, which is also statistically
unimpressive. Notwithstanding, the composite array of these 91 operator
achievements has its mean value shifted from zero to 0.041, which is a hugely
significant aberration ( p¼ 7.0 3 10�5). Thus, such data assert that the collective
anomaly is not primarily driven by distinguishable ‘‘superstars,’’ but rather by

Fig. 7. Deployment of 91 individual operator HI – LO mean-shift separations as a function of
database size. The inset tables summarize the balance of success of the operator HI – LO
performances in the intended directions, compared with both the theoretical chance (dl¼0)
and composite empirical (dl¼ 0.0416) values.
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a collective array of inextricably small individual effects, achieved over many
large datasets.

Beyond this observation, however, there are other important anomalous
structural features resident in these data. As tabulated in the inset to Figure 7,
only 41 of the 91 points lie above the shifted overall mean value of 0.041; 50 lie
below, constituting a clear asymmetry in the shifted distribution. It turns out that
this distortion is keenly dependent on the gender of the operators. Figures 8a and
b display the same data in the same format for the separate pools of male and
female operators. It is visually evident that these are not the same distributions.
Rather, the male data compound to a modestly significant mean shift in the
intended directions, achieved via a reasonably balanced distribution. The female
data, in contrast, are quite bimodal, with their highly significant overall mean
shift driven by a relatively few prolific operator positive results, struggling
against a larger number of lesser negative values.

This stark ‘‘gender effect’’ can be statistically quantified by an elementary v2

analysis, as presented in Table 1, which breaks out the HI – LO mean-shift effects
(Z�), and the operator performance scatter with respect to the chance mean (v2

�)
and with respect to the shifted mean (v̂2

�) for various permutations of All/Male/
Female, prolific/non-prolific operator pools. Clearly the anomalous mean shift of
the ‘‘All’’ database is driven primarily by the prolific female operators, who also
scatter their individual results, both with respect to the chance mean and with
respect to the shifted mean, to an extraordinary degree. By these same criteria, the
male performance, although milder, is much more consistent with intention.

The relevance of the gender factor has also been illustrated by bodies of ad
hoc experimental data produced by pairs of operators working in concert. In
these ‘‘co-operator’’ studies, it has been found that two operators of the same sex
tend to produce results indistinguishable from chance, or even slightly opposite
to intention. In contrast, operators of opposite sex tend to produce positive
effects significantly larger than chance, indeed substantially larger than those
characterizing the individual operators working alone. Yet more striking has
been the observation that if the opposite-sex partners are emotionally involved
(‘‘bonded pairs’’), their collective effect sizes are nearly seven times larger than
those attained by the same operators working alone(11) (cf. Figure 9).

Results such as these prompted an extensive retrospective assessment of
gender disparities across nine distinct human/machine experiments performed in
our laboratory over the period 1979–98.(12) Without attempting to report all of
those findings here, we simply note that their inescapable conclusion, supported
by many subsequent experiments, was that operator gender is a demonstrably
pertinent parameter in virtually all human/machine interactions of this type,
thereby implying that such gender disparities must be acknowledged in any
conceptual model of the phenomena. In particular, we have repeatedly found that
although the female operators tend to provide larger individual databases, the
males display significantly stronger correlations of mean shifts with their pre-
recorded high and low intentions, relatively symmetrically displaced with respect
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Fig. 8. Same display as Figure 7: a) male operators (dl ¼ 0.0326); b) female operators
l¼ 0.0475).
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to their baseline results. The female data, in contrast, feature larger effect sizes,
albeit strongly asymmetrical and poorly correlated with intention, and larger
score distribution variances. Since no such gender differences appear in experi-
ments that yield null overall results, it appears that the successful experiments
present both of these classes of response superimposed, i.e., that the data com-
prise a substantial interior structure driven by operator gender.

Further responses to the brace of operator-related queries #3–7 are necessarily
constrained by the data indistinguishability issues already mentioned; by the
deliberate decision not to engage in any forms of psychological testing, physio-
logical monitoring, or strategy-training regimens; and by the failure of various
ANOVA analyses to identify other strong correlates than those of operator inten-
tion and gender.(13) Whereas we may harbor some anecdotal insights or an intuitive
sense of what operator characteristics and strategies might be most productive of
anomalous data, it would be scientifically misleading to claim any empirical basis
for these impressions at this point. Nonetheless, we shall need to revisit these issues

TABLE 1
HI – LO REG Data, By Operator Groups

N Z� ( p) v2
� ( p) v̂2

� ( p)

All 91 3.81 (6.9 3 10�5) 124.50 (.01) 109.99 (.07)
Males 50 1.87 (.03) 44.85 (.70) 41.33 (.77)
Females 41 3.38 (3.6 3 10�4) 79.66 (2.8 3 10�4) 68.22 (.0036)
Prolific 20 4.15 (1.7 3 10�5) 63.85 (1.8 3 10�6) 46.64 (4.0 3 10�4)
Non-prolific 71 0.57 (.28) 60.65 (.80) 60.32 (.79)
Prolific males 9 0.70 (.24) 7.36 (.60) 6.86 (.55)
Prolific females 11 4.54 (2.8 3 10�6) 56.49 (4.1 3 10�8) 35.87 (8.9 3 10�5)

Fig. 9. Effect sizes in various categories of co-operator results (1-sigma error bars superimposed).
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in the context of our later discussions of replicability, feedback, and theoretical
models, which in turn will predicate more scholarly attention to them.

b) Source-Specific Discriminations

Query #8 in the list of possible correlates refers to the technical details of
the random sources which serve as targets for the operator efforts to induce
anomalous output behaviors. Over the course of the PEAR research, a great
variety of random physical devices and processes have been utilized. Some have
involved only minor modifications of the original REG circuitry; others have in-
corporated different core sources of the microelectronic noise; still others have
replaced the physical sources with various pseudorandom generators. In more
major excursions, random processes presented by a number of mechanical, fluid
dynamical, thermal, and optical apparatuses have been deployed. Some of these
experiments could not be stabilized sufficiently against environmental dis-
turbances to allow trustworthy calibration or active experimental data to be
obtained, and these had to be abandoned. Some have been set aside until superior
technology could be developed and deployed. But many others have survived our
stability and randomicity requirements, permitting numerous protocol and feed-
back excursions. For example, substantial databases have been collected on:

� a large random mechanical cascade of balls through a peg matrix,
described in detail below;

� a linear pendulum with an attractively illuminated spherical crystal bob,
whose damping rate or symmetry of swing are the targets of operator
initiative;

� a small upward jetting water fountain, whose transition from a laminar
stream to turbulent burbling, or whose degree of droplet scatter provide the
measurables addressed;

� an ‘‘ArtREG’’ experiment wherein an electronic REG controls the relative
intensity of two competing images on a computer screen, and the operator
endeavors to bring one or the other to dominance;

� a Native American drum, the amplitude or spacing of whose audible beats
is driven by an REG box, on which binary auditory streams the operator
endeavors to impose more organized rhythmic patterns;

� a small mechanical robot that wanders over a circular table in response to
an on-board REG unit, with the operator attempting to influence its angle
of exit off of the table, or its time of residence before the exit.

In several cases, our data accumulation capacity has far exceeded our data analysis
capacity, and we cannot yet report definitive results on these. Where experiments
have been satisfactorily completed and analyzed, they have tended to display
similar scales of statistical correlations of anomalous outputs with pre-stated
operator intentions, and the same sensitivities to operator gender and co-operator
efforts as the benchmark REG studies described earlier. (Our archives maintain
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a comprehensive ensemble of laboratory notebooks and associated doc-
umentations covering all random processors that we have attempted to engage
in human/machine experiments in the PEAR laboratory, including details of their
technical viability, attractiveness for operators, character of results, and incre-
mental understanding they have provided. This material is available for inspec-
tion upon legitimate request by any serious scholars.)

The most extreme example of the broad insensitivity of the anomalous effects
to the details of the noise sources has been provided by our extensive experi-
ments with the large facility known as the Random Mechanical Cascade
(RMC).(14) Based upon a common statistical demonstration device known as
‘‘Galton’s Desk,’’ this machine allows 9000 polystyrene balls to drop through
a matrix of 330 pegs, scattering them into 19 collecting bins with a population
distribution that is approximately Gaussian. As the balls enter the bins, exact
progressive counts are accumulated photoelectrically, displayed as feedback for
the operator, and recorded directly into the database. Operators attempt to shift
the mean of the developing distributions to the right or left, relative to
a proximately generated baseline distribution. The overall mean difference of
right versus left efforts concatenated across the total database of 87 series (3393
runs), has a probability against chance of ,10�4, with 15% of the individual
series significant at p , 0.05, and 63% conforming to the intended directions.
Prolific operator achievements tend to compound marginally but systematically
in cumulative deviation patterns characteristic of the particular individuals and,

Fig. 10. Cumulative deviation representation of results of Random Mechanical Cascade (RMC)
experiments.
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in several cases, similar to those produced by the same operators in
microelectronic REG experiments. Figure 10 presents the RMC results in the
same cumulative deviation format as that used for the microelectronic noise
sources, with the exception that here the effects are derived from the differences
in bin populations among the three intentions in given sets of runs, rather than
comparisons with theoretical expectations, which are not readily calculable.
Note the same secular progressions of the anomalous effects, embossed by the
stochastic random background inherent in this source. Note also the asymmetric
pattern of the total differential effects, virtually all of which is attributable to the
female operators.(12,14)

Similar consonance of the results acquired from several other qualified
random processors has strongly suggested that whatever the fundamental nature
of these anomalous effects may be, it functions not so much in the technical
dynamics of the sources, per se, but in the statistical patterns of information they
generate. Therefore, it is with these patterns that the minds of the operators,
themselves functioning as information processors, must be interacting. That the
former category of information can be specified objectively, whereas the latter
clearly involves subjective aspects, must substantially complicate any attempts
to model the phenomena, but therein lies their essence.

c) Distance and Time Dependence

The remote perception portion of our consolidated PEAR program that will
be reviewed in Section VII, has established that the percipients in such
experiments can acquire information about physical targets far removed from
their personal locations, without resort to normal sensory channels. More
specifically, it has established that the quality of those anomalous perceptions is
statistically independent of the degree of physical separation between the target
and the percipient, up to global distances. And beyond this spatial independence,
these experiments even more remarkably have revealed that the perception
efforts need not be performed at the same time as that specified for the target
visitation; rather, the scale of the results is also statistically independent of such
temporal separation, up to several days, plus or minus. That is, information can be
acquired about these targets before they are visited by the agent, or even before
they are specified, which leads to labeling this body of data ‘‘Precognitive
Remote Perception’’ (PRP). Given the recognition that the only basic difference
between these consciousness-related anomalies and those of the human/machine
experiments is that in the former the participant is extracting information from
a random source (the pool of potential targets and details thereof), whereas in the
latter, information is being inserted into a random source (the REG outputs), it
seemed reasonable to question whether similar spatial and temporal insensitiv-
ities might also characterize the latter.

A carefully controlled program of remote/off-time REG experiments has
indeed been pursued, with results strikingly similar to those of the remote
perception sequences.(15) Several extensive databases have been acquired for
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which the operators and their target machines have been separated by distances
up to several thousand miles. In a more extreme variant, the remote operators
have exerted their directional efforts up to several hours, or even days, before, or
after, the time of operation of the target machines. As displayed in Figure 11,
although the smaller size of these databases restrains their overall Z-scores, the
intrinsic effect sizes are comparable with, and in the off-time set even larger than,
those established in the proximate benchmark experiments. The cumulative
achievement patterns appear similar to those of the corresponding local experi-
ments at both the individual operator and collective operator levels, but the
gender disparities are less emphatic, an observation which also may provide some
conceptual insight. Similar remote/off-time effects have been demonstrated on
the analogue RMC and pendulum devices, as well.

This empirical removal of distance and time as correlates of both the human/
machine and remote perception anomalies reinforces the suspicion that these two
forms of anomaly entail similar mechanisms of information exchange between
human consciousness and random physical processes, albeit with opposite vectors,
which also may have implications for theoretical modeling of these processes. In
either case, the absence of any identifiable spatial or temporal attrition of the
anomalous effects calls into question the competence of any prevailing physical
conceptualization to encompass the phenomena, forcing consideration of more
radical propositions, such as those sketched in Section VIII.

d) Replicability Issues

Without contest, the most challenging aspect of such anomalies experimen-
tation is the well-known propensity of the phenomena to manifest with only

Fig. 11. Local, remote, and off-time REG effect-sizes (1-sigma error bars superimposed).
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irregular replicability. We have already mentioned the tendency of the desired
effects to hide within the underlying random data sub-structures from which they
are activated by the participating consciousnesses. But beyond this, one fre-
quently encounters different forms of larger-scale irreproducibilities, wherein
entire bodies of empirical data, acquired with equipment, operator pools, proto-
cols, and environmental conditions essentially identical to those of some pre-
vious study, return substantially dissimilar, albeit comparably anomalous results.
Such disparities also have been observed in the performance of individual
prolific operators who on occasion have repeated earlier experiments and pro-
duced data streams with anomalous characteristics substantially different than in
their original efforts. These capricious ‘‘hide-and-seek’’ characteristics of the
effects have provided bountiful fodder for superficial skeptics who gleefully hail
them as evidence of incompetent experimentation or delusional data in-
terpretation. More profound contemplation, however, suggests that this apparent
irreproducibility may be an intrinsic feature of the phenomena, and a potentially
most valuable, if poorly understood, indicator of their fundamental nature. Here
we can mention only a few experimental and theoretical attempts to penetrate
this mantle of irregular replicability that shrouds establishment of any causal
chain that may be functioning in these situations.

Perhaps the most commonly encountered form of this failure to replicate is the
ubiquitous ‘‘decline effect,’’ wherein initially promising anomalous results,
when pursued into second and third generation experiments of identical format,
have gradually eroded into insignificance, leading to frustrated abandonment of
the study by the investigators, and consequent guffawing by the skeptics. This
widespread tendency seemed to us sufficiently crucial to the validity of the topic
and its ultimate comprehension to merit a more extensive study than it had
traditionally been given, with the ingoing recognition that any systematic pursuit
of such a temporal progression of the anomalous effects would necessarily labor
under an even more stringent caveat to obtain huge individual and collective
datasets if definitive patterns were to be established.

Ref. 16 summarizes the bulk of that exhaustive (and exhausting) study, which
in fact has yielded some enlightening results. Namely, the effect sizes achieved
by the operators in a broad range of random event generator experiments have
shown well-defined patterns of correlation with the ordinal positions of the
experimental series in both the collective and individual databases. Specifically,
there were statistically significant tendencies for operators to produce better
scores in their first series, then to fall off in performance in their second and
third, and eventually to recover to some intermediate levels during their fourth,
fifth, or subsequent series, eventually stabilizing to a characteristic asymptotic
value (cf. Figure 12). Such correlations appeared in both local and remote
experiments and also were indicated over a sequence of other experimental
protocols, but no similar effects were found in baseline or calibration data. In
short, there is indeed a decline effect, but it manifests only as an initial phase of
a more complex pattern of performance evolution. This pattern bears some
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resemblance to the damped cosinusoidal switching transients that characterize
the onsets and interruptions of various forms of mechanical and electromagnetic
systems, which eventually converge onto new levels of operation. An extensive
survey of more classical psychological literature revealed that similar patterns of
effect also can be identified in more conventional experiments on perception,
cognition, and memory, suggesting that our anomalous serial position patterns
are primarily psychological in origin and may subsume the rudimentary
‘‘decline,’’ ‘‘primacy,’’ ‘‘recency,’’ and ‘‘terminal’’ effects propounded in the
parapsychological and psychological literature. Thus once again subjective
factors appear as primary correlates in the generation of the objective anomalous
effects, and once again the importance of very large individual databases
is emphasized.

Empirical demonstration of another genre of reproducibility confounds
appeared in the context of a major REG replication study undertaken in
collaboration with the Institut f�r Grenzgebiete der Psychologie und Psycho-
hygiene of Freiburg and the Justus-Liebig-Universit�t at Giessen University.(17)

Using similar equipment and protocols, the three laboratories performed a long
and detailed agenda of experiments, the results of which are fully recorded in
Ref. 17. To summarize, whereas overall HI – LO mean separations, which were
the primary criterion of this replication effort, proceeded in the intended
direction at all three laboratories, the size of these deviations failed by an order
of magnitude to attain that of our own prior experiments, or even to achieve a
persuasive level of statistical significance. However, pre-planned analyses of
a number of secondary parameters carried in this study revealed a number

Fig. 12. Composite (HI – LO) REG results for ‘‘prolific’’ operators vs. series number.
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of interior structural anomalies unexpected by chance. Utilizing an ingenious
Monte Carlo simulation technique that precluded any multiple testing artifacts,
our analytical specialist, York Dobyns, was able to demonstrate that this
assortment of departures in the individual and collective datasets from the null
hypothesis expectations was itself highly significant. It was as if the simple
displacements of the mean that had characterized the original benchmark
experiments had been partially transformed into a number of more subtle
anomalous fragments in the new data. This change from the systematic,
intention-correlated mean shifts found in the prior studies to a polyglot pattern of
internal distortions of the output distributions underscored our inadequate
understanding of the basic phenomena involved and suggested a need for more
sophisticated experiments and theoretical models for their further elucidation
and comprehension.

On the basis of this new insight, several retrospective analyses of other existing
PEAR databases have since been undertaken in a search for similar distortions,
and a few additional replication experiments have been initiated to test this
transformation hypothesis. While these studies have not yet been completed, it
now seems clear that such structural anomalies can on some occasions substi-
tute for, or even supplement, the primary mean-shift effects attempted by the
operators. On others, however, the original modes of expression reappear as
before. The criteria for such changes are far from established.

In an attempt to tackle the replication issue at an epistemological level, we
have collaborated with the theoretical physicist Harald Atmanspacher on a
conceptual document entitled ‘‘Problems of Reproducibility in Complex Mind-
Matter Systems,’’(18) which proposes treating mind/matter interactions as
generalized complex systems, for which standard first-order approaches are
both epistemologically and methodologically inadequate and more sophisticated
second-order techniques are required. Only then can the reproducibility problem
be properly posed and analyzed, and the inclusion of subjective factors in the
dynamical formation of models of these and other consciousness-related phe-
nomena be comprehensively attempted.

e) Pseudorandom Sources

Perhaps our most tantalizing experimental encounter with the replication
chimera has been in the use of pseudorandom sources as drivers of the REG
equipment. Our earlier query #10 asks a seemingly legitimate, straightforward
question of whether some form of physical randomicity is essential to generation
of the anomalous effects, or whether deterministic simulation of random source
distributions will suffice. The corresponding implications for modeling of the
phenomena would be whether to attribute the effects to direct consciousness
interactions with the observable physical processes, per se, or with the essence
of information in a more abstract form, whatever its causal source.

Unfortunately, experimental efforts to resolve this dilemma have led us
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on a merry chase. Our earliest pseudorandom source employed an array of
microelectronic shift registers, overlaid by ad hoc appendages to provide
operator feedback identical to that presented by the physically random sources.
This device yielded initial results very similar to those of the true random
sources, but it was later discovered that a technical flaw in the design had
allowed a degree of physical randomicity to compromise the otherwise deter-
ministic process. With this corrected, a second database displayed non-
significant overall mean shifts, but was dominated by two prolific operator
performances, one consistent with intention, the other strongly opposite to in-
tention, leading to some ambiguity in interpretation.

Rather than pursuing this issue further on this equipment, a more substantial
experiment was undertaken, utilizing as its source a computer-generated pseu-
dorandom algorithm, whose seed recipe was initiated by the start keystroke of
the operator. Statistical analyses of the overall mean shift of this large database
indicated no significant anomalous effects. However, when these deterministic-
source data were later subjected to retrospective analyses like those outlined in
the previous sub-section, striking internal departures from chance behavior
became apparent therein, as well. Most notably, although the HI and LO data
streams individually fell well within chance expectations, strong and persistent
correlations between their sequential behaviors led to significantly depressed
variances in the HI – LO differential results, which have always been our
primary criteria for anomalous effects. This anomalous correlation persisted
even throughout a large ‘‘remote’’ subset of the database, wherein the initiation
keystroke was generated by an automated mechanism. This could raise some
suspicion about the integrity of the pseudorandom source algorithms, but since
no such correlations appeared with the concurrent baseline data, we must look
elsewhere for the cause of this aberration in the intentional data.

In an effort to clarify this situation, yet another experimental program, termed
PS-REG, was initiated, wherein pseudorandom and physically random sources
were randomly interspersed in the trial sequences in a fashion unknown to the
operators, with otherwise identical feedback modes. Preliminary inspection of
these data has introduced yet another enigma: while some anomalous effects
seem to be appearing in the pseudo data, now the comparison data from the
physical source have reverted to totally chance behavior!

If the assorted empirical results on the pseudorandom issue are taken at face
value, and we have little technical or procedural grounds for dismissing any of
them, we need to concede some further daunting complexities in their theoretical
implications. It appears that the very attempt to force this empirical distinction
between random and deterministic sources has somehow interposed yet another
genre of structural aberrations that are seriously confounding the entire
evidentiary process. This is not the first example of such empirical obfuscation
that we have encountered. It has appeared in several other attempts to derive
multi-dimensional correlations from single, complex protocols, such as in the
PortREG Replication Study noted earlier,(17) and in a sequence of attempts to
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establish the dependence of effect size on the rate of bit generation by the
electronic source,(19) or on various other secondary parameter options available
to the operators. For the present, the pseudorandom issue, per se, remains un-
resolved and, just possibly, may be fundamentally unresolvable within classical
scientific criteria. Rather, as Ref. 18 proposes, higher level features, perhaps
subjective, perhaps even metaphysical, may be inescapable.

f) FieldREG and the Role of Resonance

We concluded sub-section V-a, with a promise to return to further discussion
of subjective correlates introduced by the participation of the human operators in
the experimental processes. Beyond the explicit and implicit importance of
operator intention (desire, volition, purpose, etc.) clearly emerging from the
data, and the ubiquitous gender disparities, there is one other such subjective
correlate that had repeatedly projected itself anecdotally to equal importance,
namely emotional resonance. Akin to the ineffable harmony one can enjoy with
a friend or loved one, with an automobile or computer, with a musical
instrument or delicate tool, it had been widely testified by our operators that
a similar affection or involvement with the experimental devices and tasks could
facilitate the desired effects. The superior results achieved by the bonded co-
operators also suggest the efficacy of this quality in the experimental
environment. We shall therefore conclude this section on salient correlates
with a description of an experimental program that most directly addresses the
role of such resonance in the anomalous creation of information. We call it
‘‘FieldREG.’’

As mentioned earlier, the microelectronic devices employed in our laboratory-
based REG experiments have evolved from rudimentary breadboard circuits, to
first-generation boxed units, to much more sophisticated equipment and opera-
tional software that incorporates elaborate failsafes, redundancies, and controls
to protect its nominal randomicity and guarantees its insensitivity to environ-
mental disturbances and operator mishandling. But with the integrity of large
bodies of anomalous data thus assured, the growing availability of superior
microelectronic components and circuit designs have facilitated the develop-
ment and deployment of a sequence of simpler, less expensive, but equally
trustworthy units that are sufficiently compact to permit field applications of
those readily portable systems. This in turn has enabled a new genre of REG
experimentation that has allowed us to address such subjective resonance as
a primary variable, much as our laboratory experiments have featured the role of
intention. Specifically, the FieldREG studies have explored the correlations of
REG outputs with the interpersonal ambiences prevailing in group assemblies
engaged in some forms of shared activity that could engender high degrees of
emotional resonance among the participants. These have included ceremonies,
rituals, therapeutic procedures, artistic performances, sporting events, business
brainstorming sessions, and other scenarios that might stimulate collective

PEAR Proposition 223



cohesion among those involved. Collectively, these studies have suggested the
generation of a subtle but objectively discernible ‘‘consciousness field,’’ to
which the FieldREG devices appear to respond with statistically quantifiable
anomalous outputs.

In particular, an initial round of pilot experiments,(20) and a more substantial
following program of empirical and analytical study,(21) have suggested, and
largely confirmed, the hypothesis that data taken in environments featuring
strong collective resonance would show larger deviations of the FieldREG output
sequences relative to chance expectation than those generated in more pragmatic
or mundane assemblies. These studies also have unexpectedly revealed that when
immersed in boring, pedestrian, or ego-dominated situations, the FieldREG
outputs tend to be suppressed below their typical chance expectations. As
illustrated in Figures 13a and b, FieldREG units deployed in the ‘‘resonant’’
venues have displayed much noisier displacements of their digital output strings,
at a collective v2 level of chance probability of 3.2310�10, while those immersed
in the ‘‘mundane’’ environments actually have yielded much quieter traces than
expected by chance. While these experiments are still ongoing, we now have in
hand a substantial database of several hundred such applications, large enough to
assure that the observed results are not attributable to statistical artifact, and that
much is to be learned by further systematic research.

The analytical and theoretical complexities posed by these FieldREG studies
are quite severe. While the importance of emotional resonance as a second driver
of the anomalous effects seems well established, more specific interpretation of
the data records in terms of various possible statistical indicators, the direction
and endurance of the anomalous excursions, and the specification of the proper
null criteria and calibration procedures has yet to be pursued systematically.
Beyond that, the development of a database-management system that can effec-
tively index and correlate all of the subjective and objective parameters that
might conceivably bear on the form and magnitude of the anomalous responses is
a major enterprise in itself, on which we have already expended substantial
resources. All of these interpretive challenges notwithstanding, the vision of
a technology, however subtle and complex, that could reliably sense the degree of
coherent purpose and productive resonance prevailing in such diverse human
arenas as business and industry, healthcare, public safety, creative scholarship
and education, athletics, and artistic performance, among countless others, and
lead to beneficial applications therein, seems to justify extensive effort to bring
to fruition.

VI. Intangible Strands

At this point let us again interrupt the technical reportage to weave in a few of
the softer interpersonal fibers of the composite PEAR tapestry that in our opinion
have not merely embellished, but significantly strengthened it, and very possibly
have enabled our continuing progress in constructing this intellectual web. We
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refer here to the cheery, relaxed, even playful ambience that has characterized
the laboratory operations from its beginning. Under the intuitive conviction that
the anomalous phenomena being sought are somehow nurtured in the childlike,
limbic psyche and therefore could well be suppressed or even suffocated by

Fig. 13. Cumulative v2 values for two categories of FieldREG applications compared to chance
expectations: a) ‘‘resonant’’ venues; b) ‘‘mundane’’ venues.
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an excessively clinical or sterile research environment, the facility has been
decorated with homestyle furniture, symbolic and entertaining visual art,
including many cartoons, and an exponentially expanding assortment of stuffed
animals, most of which have been gifts from our operators and visitors. Most of
the experimental devices themselves embody attractive, stimulating, sometimes
whimsical features, not only in their feedback characteristics, but in the
operational apparatus, as well. Casual reading material, background music, and
light snacks are available for the operators, who are frequently invited to
participate in the ongoing technical, philosophical, and social conversations
among the staff. In short, the laboratory presents itself more as a scientific salon
than as a clinical facility, and many of its operators, interns, and visitors have
remarked on the comfort, sense of welcome, and resonance they feel with the
place and the work that is being pursued therein. Several have gone so far as to
refer to it as a ‘‘refuge’’ or ‘‘sanctuary’’ where they feel free to be their spon-
taneous and uninhibited ‘‘real selves’’ (cf. Figures 14a through d).

The laboratory staff itself has been at least as much characterized by its
collective affability as by its technical competence, and this tempering of pur-
poseful intensity with lubricating levity has not only allowed us to survive many
difficult professional and political threats, but actually seems to have facilitated
the appearance of the phenomena we have been striving to understand. Labo-
ratory parties held on folk occasions such as Halloween, Beltane, the solstices,
and equinoxes have complemented the more conventional holiday and birthday
gatherings, and despite their superficial jocularities, important conceptual in-
sights quite pertinent to the program have frequently erupted from the sponta-
neous repartee therein, later to be integrated into our experimental or theoretical
projects. Other forms of intellectual stimulation have devolved from our
participation in professional society meetings, colloquia, and seminars at our
university and elsewhere, and in the course of our advisory roles at various
agencies, organizations, and institutions. When formal presentations have been
involved, these have been planned collectively, prepared by the particular
presenters, and vetted by ‘‘dry-runs’’ before other staff members either at lab
meetings or in hotel rooms just before the talks. Ongoing individual and group
interactions with other meeting attendees have been helpful in disseminating
details of our work and catching up on that of colleagues. From all of this we
would return enriched with new ideas and enhanced commitments to our pro-
fessional and personal purposes.

Consonant with our locus in a distinguished educational institution, major
efforts have been expended in various tutorial formats. New visitors are greeted
with a cup of tea or coffee and an informal synoptic review of the history,
purpose, and accomplishments of the program, followed by a tour of the facilities
and an opportunity to try some of the experiments for themselves. The stream of
interns mentioned earlier have enjoyed multiple roles of acquiring experiences
on experimental, analytical, and theoretical techniques, helping with routine
housekeeping functions, and adding their fresh perspectives and light-hearted
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Fig. 14. Various segments of the PEAR laboratory: a) Entry and conference area; b) Central nexus
and Random Mechanical Cascade apparatus.
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Fig. 14. Various segments of the PEAR laboratory: c) Experimental Room I, with benchmark
Random Event Generator and DrumREG equipment; and d) Experimental Room II, with
Pendulum, Fountain, and Robot equipment.
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personalities to the convivial colloquy of the bustling daily activities. The
aforementioned undergraduate ‘‘Human/Machine Interactions’’ course has for
many years included a laboratory requirement that each year has immersed scores
of students in a brief PEAR experience, and inspired some of them to a more
substantial research effort related to this topic. For many years, the Laboratory
Manager welcomed groups of fourth-grade students from a local school district
who came bearing personal projects they had been pursuing for many weeks
in preparation for their visit. Following a brief introductory exchange and
participatory tour of our ongoing experiments, each of these youngsters was
given a turn to describe his or her own project, its results and conclusions, and the
group as a whole would then comment on its concept, implementation, and
validity. While it may be difficult to trace the long-term impact of such early
exposure to this subject, the teachers of these groups have assured us that the
anticipation of the visits, the creative activities they have stimulated, and the
enduring recollections of these imaginative and impressionable 10-year-olds
have more than justified the efforts expended.

The PEARtree and SSE Young Investigators Programs have required
somewhat different tutorial formats, but nonetheless have added their own
cultural flavors to the composite PEAR enterprise. Here, much of the intellectual
traffic is carried by the participants themselves, interacting electronically and in
person at the Academy workshops and Society conferences. Our role has been
more one of mentoring, senior guidance, resource provision, and, where neces-
sary, discipline, under the conviction that if these groups are to broaden the reach
of the PEAR concepts and to be the source of fresh ideas and enhanced
intellectual vigor, and if they are to constitute the seedbed for the next generation
of visionary leadership, they must be allowed to develop and demonstrate their
talents and commitments under a minimum of authoritarian constraints. Our
gratification is that they indeed have displayed this creative capacity, and thereby
have enhanced both the substance and tone of the entire mission.

In all of this, it would be misleadingly incomplete not to acknowledge the
interpersonal dynamic between the two authors that has prevailed throughout the
course of the program. From many months prior to the formal establishment of
the PEAR laboratory more than 25 years ago, to this day and hopefully well
beyond, the consonance of commitment and purpose that has characterized our
efforts as Program Director and Laboratory Manager, respectively, has driven and
sustained this unique research vehicle in its tortuous journey over some very
rough epistemological, political, and cultural terrain. This is by no means to imply
that our insights, tactics, and priorities have always concurred. To the contrary,
the major differences in perspective and approach, borne of our widely disparate
academic and personal backgrounds, have constituted a vital complementarity of
strategic judgment that has triangulated our operational implementation in
a particularly productive fashion. It is our intention to develop this aspect of our
saga more fully in a future document, but for now we only wish to record it as the
essential ‘‘warp’’ supporting the technical ‘‘woof’’ of our PEAR tapestry.
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VII. Remote Perception

With the multi-dimensional complexity of our scholarly fabric still in mind,
we now turn back to trace the second major experimental enterprise maintained
throughout the PEAR program, on the anomalous phenomenon we call ‘‘Remote
Perception.’’ As the renowned medieval physician and philosopher Paracelsus
announced some five centuries ago,

Man also possesses a power by which he may see his friends and the circumstances by
which they are surrounded, although such persons may be a thousand miles away from
him at that time,(22)

and this ‘‘power’’ has been abundantly demonstrated in various anecdotal forms
throughout recorded history. Modern systematic research on the topic was
benchmarked by the seminal work of Puthoff & Targ(23) in the mid-1970s,
which in turn stimulated a number of programs elsewhere.(24) Our own
experimental efforts, which derive from previous studies by one of us (B.D.) at
Mundelein College and the University of Chicago,(5,25) comprise some 650
experimental trials that have been summarized in a recent JSE article,(7) and are
fully preserved in our data archives. The principal purpose of this portion of our
program has been the development of effective analytical judging methods for
evaluating the amount of extra-chance information actually acquired by these
techniques. Given the comprehensive nature of Ref. 7, we shall here summarize
only the main features and their conceptual consequences.

Essentially, the basic protocol of these remote perception experiments involves
one participant, termed the ‘‘percipient’’ who, without resort to any conventional
sensory means, attempts to sense and describe the physical and emotional aspects
of a randomly selected geographical site at which a second participant, the
‘‘agent,’’ is stationed at a specified time. Both participants are requested to render
their descriptions of the scene into free response transcripts, and subsequently
into various descriptor specifications that are then compared via an assortment of
computerized scoring algorithms developed to quantify the degree of information
acquisition. The principle findings of this extensive experimental and analytical
effort have been both intriguing and bemusing:

1. For the database of 653 formal experimental trials performed over several
phases and modalities of the program, the cumulative extra-chance
information acquired reaches a statistical Z-score above 5.4 ( p , 3310�8).

2. The experimental success is not notably dependent on any of the
secondary protocol parameters tested, e.g. volitional vs. random target
selection; percipient/agent familiarity; target categories and character-
istics; diurnal or seasonal aspects; etc.

3. The information yield shows no statistical dependence on the physical
separation of the percipient from the target/agent, up to global distances.

4. Likewise, the results seem statistically independent of the time interval
between target visitation by the agent and the perception effort, up to several
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days, plus or minus; i.e., precognitive or retrocognitive information
acquisition seems comparably effective to that obtained in real time.

5. The amount of information acquisition is strikingly anti-correlated with
the degree of complexity of the analytical formats imposed on the
percipients and agents in formulating their specifications of the target
scenes (cf. Figure 15).

As mentioned earlier, the establishment of features (3) and (4) in these
experiments inspired remote and off-time studies in the human/machine portion
of our program, as well, with similar statistical independence of the effects on
intervening distance and time. This in turn strengthened our suspicion that these
two superficially different genres of anomalous effect actually were drawing
from the same phenomenological well, with the only distinction that in one case
information was being inserted into an otherwise random physical process; in the
other, information was being extracted.

Observation (5) actually may have even more profound implications for
conceptualization and representation of these phenomena, in the sense that here we
seem to be encountering manifestation of an inescapable ‘‘consciousness uncer-
tainty principle’’ that may inherently constrain our ability to achieve such effects.
This issue has been pursued in some detail in Ref. 7, and from somewhat different
perspectives in Refs. 1, 9, 26, and 27. The generic concept emerging from these
empirical and theoretical considerations is that while the emergence of conscious-
ness-related anomalous physical effects seems largely to be driven by a host of
subjective factors, our efforts to demonstrate, record, and quantify them necessar-

Fig. 15. Decline of remote perception extra-chance information acquisition with increasing
analytical scoring complexity. (Scoring method labels defined in Ref. 7.)
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ily entail the imposition of objective criteria and measurements. Unfortunately,
the former appears to be obstructed by the latter, and vice versa, and we are left
with the challenge of finding a way to straddle the subjective/objective dichotomy
with some optimized compromise. As Heisenberg himself conceded in his own
extrapolation of the atomic scale uncertainty/complementarity principle:

We realize that the situation of complementarity is not confined to the atomic world
alone; we meet it when we reflect about a decision and the motives for our decision or
when we have the choice between enjoying music and analyzing its structure.(28)

In similar sense, our efforts to establish defensible and quantitative remote
perception data by successive refinements of the analytical techniques appear to
have progressively suffocated emergence of the phenomenon itself. Whether this
interference functions primarily in the psyches of the human participants, or
whether it is more endemic in the physical character of the information itself,
is unclear and possibly unresolvable. Notwithstanding, similar indications have
emerged from a number of our other experiments, collectively suggesting that
this uncertainty is not merely a limitation on the attainable empirical precision,
but is evidence of the fundamental importance of informational ‘‘noise’’ as a raw
material out of which the anomalous effects are constructed. Ref. 7 cites com-
parable examples from less controversial physical, technological, biological, and
psychological venues wherein stochasticity also seems to play essential roles in
the establishment of orderly effects. In our context, such a counter-intuitive
noise/signal dynamic, compounded with the other extraordinary characteristics
of the phenomena, further challenges attempts to construct defensible and viable
models, a task to which we now turn.

VIII. Theoretical Models

From the outset, the PEAR program has recognized and been committed to
the primary principle of all productive scientific research that rigorous empirical
results must enjoy a dialogue with astute theoretical models if consequential
scholarly understanding is to advance. As Sir Francis Bacon so charmingly en-
joined in his definition of the scientific method some four and a half centuries
ago:

. . . Those who have treated the sciences were either empirics or rationalists. The
empirics, like ants, only lay up stores, and use them; the rationalists, like spiders, spin
webs out of themselves; but the bee takes a middle course, gathering her matter from the
flowers of the field and garden, and digesting and preparing it by her native powers. In
like manner, that is the true office and work of philosophy, which, not trusting too much
to the faculties of the mind, does not lay up the matter, afforded by natural history and
mechanical experience, entire or unfashioned in the memory, but treasures it, after being
first elaborated and digested in the understanding; and, therefore, we have a good ground
of hope, from the close and strict union of the experimental and rational faculty, which
have not hitherto been united.(29)

In Ref. 1 we presented in some detail our own form of ‘‘Scientific Two-Step,’’
which we knew had to be respected, especially in the pursuit of initially
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inexplicable physical anomalies, if a solid platform of knowledge was to be
built. The problem we face, however, is that the empirical studies, even when
very carefully performed, present such a bewildering array of irregularities,
contradictions, and departures from canonical, indeed from rational and even
intuitive, precedents and expectations that any classical modeling strategies are
essentially denuded of any hope of effectiveness. Simply reprising our foregoing
text, we encounter a daunting array of phenomenological characteristics that any
proposed model is obliged to accommodate, e.g.:

� Tiny informational increments riding on stochastic statistical backgrounds;
� Primary correlations of objective physical evidence with subjective,

psychological parameters, most notably ‘‘intention’’ and ‘‘resonance’’;
� Statistical independence of the magnitude of the effects on intervening

distance and time;
� Oscillatory sequential patterns of performance;
� Data distribution structures consistent with slight alterations in the

prevailing elemental probabilities;
� Functional importance of uncertainty in the information transfer processes;
� Complexly irregular replicability.

These inescapable empirical characteristics force abandonment of any direct
applications or extrapolations of extant physical, psychological, or informational
models, and of necessity turn us toward more radical propositions, whereby
consciousness can assume a proactive role in the establishment of physical
reality, and deterministic causation is vastly generalized.

The overarching character of such unconventional modeling approaches is
proposed in the article ‘‘Science of the Subjective,’’(30) which specifies the
challenge in the following terms.

Any disciplined re-admission of subjective elements into rigorous scientific methodology
will hinge on the precision with which they can be defined, measured, and represented,
and on the resilience of established scientific techniques to their inclusion. For example,
any neo-subjective science, while retaining the logical rigor, empirical/theoretical
dialogue, and cultural purpose of its rigidly objective predecessor, would have the
following requirements: acknowledgment of a proactive role for human consciousness;
more explicit and profound use of interdisciplinary metaphors; more generous
interpretations of measurability, replicability, and resonance; a reduction of ontological
aspirations; and an overarching teleological causality. More importantly, the subjective
and objective aspects of this holistic science would have to stand in mutually respectful
and constructive complementarity to one another if the composite discipline were to
fulfill itself and its role in society.

Within this generic attitude, our particular efforts have converged on three
conceptual frameworks, each of which has been thoroughly described in
a number of publications and presentations. Here we can only sketch the essence
of each very briefly.
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a) Quantum Mechanics of Consciousness

Quite early in the program we were struck by a number of similarities between
the historical and philosophical evolution of quantum science and the ongoing
unfolding of the experience and representation of consciousness-related physical
anomalies. In both scenarios, classically respected conceptual and analytical
models of reality have been challenged by the advent of diverse bodies of new
empirical data, made possible via the development of more sensitive and reliable
experimental equipment. In each case, extensive attempts to rationalize the
anomalous data within prevailing formalisms have proven categorically and
profoundly unsuccessful, forcing postulation and development of a number of
counter-intuitive concepts. Some of those that were originally posed in the
atomic-scale physical domain seem to offer potentially productive metaphorical
associations with the mind/matter issue, as well. Among these one could list the
quantization of energy and other physical observables; the wave/particle duality
and the wave mechanics of atomic structure; the uncertainty, complementarity,
exclusion, and indistinguishability principles; and the probabilistic character of
quantum observations. The radical new proposition underlying this appropriation
is that all of these might be regarded as impositions by the experiencing con-
sciousness, rather than as intrinsic characteristics of the physical events, per se.

The model proposed in Ref. 9 takes the position that reality is constituted only
in the interaction of consciousness with its environment, and therefore that any
scheme of conceptual organization developed to represent that reality must
reflect the processes of consciousness as well as those of its environment. In
this spirit, the concepts and formalisms of elementary quantum mechanics are
appropriated via suitable metaphors to represent the characteristics of con-
sciousness interacting with its environment. More specifically, we propose that
if a consciousness is represented by a quantum mechanical wave function, and
its environment, including its own physical corpus, is represented by an ap-
propriate potential profile, Schr�dinger wave mechanics yields eigenfunctions
and eigenvalues that can be associated with the cognitive and emotional expe-
riences of that consciousness in that environment.

To articulate this metaphor it is necessary to associate certain quantitative
aspects of the formalism, such as the coordinate system, the quantum numbers,
and even the metric itself, with various qualitative descriptors of consciousness,
such as its intensity, perspective, approach/avoidance attitude, balance between
cognitive and emotional activity, and ‘‘yin/yang’’ or receptive/active disposition.
With these in hand, certain computational applications can display metaphoric
relevance to individual and collective experience, and in particular to our ex-
perimental situations. Specifically, such traditional quantum theoretic exercises
as the central force field and atomic structure, covalent molecular bonds, barrier
penetration, and quantum statistical collective behavior can become useful
analogies for representation and correlation of a variety of consciousness expe-
riences, both normal and anomalous, and for the design and interpretation of

234 R. G. Jahn & B. J. Dunne



experiments to study these systematically. For example, many ‘‘anomalous’’
consciousness capabilities would follow normally from its ‘‘wave/particle’’
duality; our empirical resonance factor can be related to molecular bonding;
our gender and co-operator effects to electronic spin and its pairing; FieldREG
effects to collective particle behavior in various potential wells; and the con-
ditional replicability features to the intrinsic statistical uncertainties of all
quantum phenomena.

Although requests for reprints of this paper have numbered in the hundreds,
it also has elicited complaints from some members of the traditional theoreti-
cal physics community who have perceived it as a prostitution of their more
narrowly defined quantum formalisms. Notwithstanding, it has proven quite
serviceable as a conceptual representation of mind/matter interactions wherein
the ‘‘anomalous’’ effects become quite normal expectations of quantum-bonded
human/machine and human/human systems.

b) Modular Models

A second model, also amenable to cross-disciplinary application, has been
articulated in a paper entitled ‘‘A Modular Model of Mind/Matter Manifestations
(M5),’’(31) and extended in a subsequent article called ‘‘M*: Vector Representation
of the Subliminal Seed Regime of M5.’’(32) In brief, the M5 and M* models
postulate that anomalous effects such as those observed in our experiments do not
emerge from direct intercourse between the conscious mind and the tangible
physical world, but have their origins in the depths of the unconscious mind and an
intangible substrate of physical reality, wherein the Cartesian distinction between
mind and matter blur and lose their functional utility. This is a misty domain of
uncertainty and probability, where space and time have yet to be defined, let alone
distinguished, and where information waits to be born. Our representation
proposes that when the conscious mind expresses a strong desire, enhanced by
deep feelings of resonance, that resonant intention stimulates some process in
the unconscious mind that is reflected in the pre-physical potentiality, and
subsequently expressed via a subtle biasing of probabilistic physical events. This
process also may work in reverse order, as in the remote perception experience,
where physical information about the target scene diffuses into its underlying
intangible composition, whence it may interact with, and exert some formative
influence upon, the unconscious mind of the percipient, thence to emerge into
a conscious experience and subsequent description of the scene. With the bounded
modules of the conscious mind and manifest physical world thus indirectly linked
via the unbounded modules of the unconscious and the intangible substrates, it
should not be surprising to encounter apparently acausal correlations that we
classify as ‘‘anomalies’’ (cf. Figure 16). This model also raises, but does not
attempt to resolve the possible role of, a much vaster cosmic ‘‘Source,’’which may
permeate, influence and inform the entire modular configuration.

The implications of this taxonomy for experimental design and interpretation
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include subtler feedback schemes that facilitate submission of conscious intention
to unconscious mental processing; physical target systems that provide a richness
of intangible potentialities; operators who are amenable to such a mechanism; and
an environmental ambience that supports the composite strategy. Requisites for
theoretical extension of the model include better understanding of the informa-
tion dialogue between the conscious and unconscious aspects of mind; more
pragmatic formulations of the relations between tangible and intangible physical
processes; and, most importantly, cogent representation of the merging of mental
and material dimensions into indistinguishability at their deepest levels.

One possible format for visualization of the subliminal seed space that un-
dergirds the tangible reality and conscious experience regimes utilizes an array
of complex vectors whose components embody the pre-objective and pre-
subjective aspects of their interactions.(32) Elementary algebraic arguments then
predict that the degree of anomalous correlation between the emergent con-
scious experiences and the corresponding tangible events depends only on the
alignment of these interacting vectors, i.e., on the correspondence of the ratios of
their individual ‘‘hard’’ and ‘‘soft’’ coordinates. This in turn suggests a
subconscious alignment strategy based on strong desire, shared purpose, and
meaningful resonance that is consistent with our empirical experience. Several of

Fig. 16. M5 taxonomy for anomalous correlations of material events and mental experiences.
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our most recent ongoing experiments have been specifically designed to test
these and other aspects of the predictions, but have not yet produced large enough
databases to permit definitive conclusions.

c) Consciousness Filters

The concept of an ongoing two-way exchange between a primordial Source and
an organizing Consciousness, posed briefly in the M5 context, has been developed
more thoroughly in a more recent theoretical endeavor, entitled ‘‘Sensors, Filters,
and the Source of Reality.’’(27) This model proposes that the limited local
interactions of individual consciousness with its proximate environment are
merely microcosms of a vaster creative process in which we are capable of
participating, whereby we may acquire more profound information and alter our
personal experience to an extent dependent on the depth and breadth of the
interpenetration of the consciousness and its Source. Small as the individual
effects may be, collectively they can compound to significant influence on the
Source itself. Such interactions are both facilitated and inhibited by the
intervention of an array of physiological, psychological, linguistic, and cultural
influences, or ‘‘filters,’’ which condition our perceptions and thereby our
conscious experiences, and thus limit our direct access to the Source. Since most
of these filters function on an unconscious level, however, we seldom invoke
interpretations of our experiences other than those consistent with our filtered
preconceptions. By bringing these influences to a conscious level, it becomes
possible to re-tune the filters of consciousness and thus to alter our experiential
reality to a measurable degree, thus substantiating Niels Bohr’s profound
conviction that ‘‘we are both onlookers and actors in the great drama of ex-
istence.’’(33) More specifically, it is proposed that such attitudinal tactics as
openness to alternative perspectives, utilization of associative metaphors, trans-
personal resonance, tolerance of uncertainty, and balance of analytical rigor with
emotional investment, can enable experiential realities that are responsive to
intention, desire, or need, to an extent consistent with prevailing empirical evi-
dence. This conceptual model shares some features with a host of spiritual
and metaphysical traditions, and with a growing attention of certain theoret-
ical physicists to the distinction between ‘‘epistemic’’ and ‘‘ontic’’ levels of
reality, or, in alternative parlance, between ‘‘exophysical’’ and ‘‘endophysical’’
models thereof.(34)

IX. Responses

Each of the pragmatic queries posed near the beginning of Section III, has
now been addressed via the pertinent experimental data and related conceptual
models presented above and in the corresponding referenced literature. On the
basis of this empirical and analytical experience, we may now also respond with
some confidence to the overarching strategic challenges defined at the genesis of
the program (Section II), i.e.:
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1. Are such mind/matter anomalies legitimate?
Yes, by any reasonable scientific standard. The composite formal
human/machine results are unlikely by chance to the order of 10�12; the
formal PRP results to the order of 10�8.

2. Are they amenable to systematic scientific investigation?
Yes, although their dependence on subjective factors and their irregular
statistical replicability pose non-traditional problems of demonstration
and interpretation. Specifically, the experimental and analytical strate-
gies and the theoretical formulations must accept the primary importance
of subjective features in the stimulation of these phenomena, with their
consequent irregular replicability.

3. What is their scale?
Signal-to-noise ratios of the order of 10�4 are typical.

4. Do they display characteristic structural features?
Yes. In addition to statistically anomalous distribution mean shifts, we
have identified a variety of goodness-of-fit (v2) aberrations and other
operator-specific asymmetries and irregularities in the data distributions.

5. What are their primary physical correlates?
None are readily apparent, other than that the effects seem to derive from
random sources and processes rather than from constrained deterministic
events, with intrinsic uncertainty playing an important role in their
manifestation.

6. What are their primary subjective correlates?
While we have not performed explicit psychological or neurophysio-
logical measurements, it is clear from our physical experiments that
intention (volition, desire, etc.); subjective resonance with the device,
process, or other individuals in the environment; unconscious involve-
ments; and operator gender can have substantial influence on the
results.

7. What is their empirical replicability?
Irregular, at best, but statistically robust over large databases.

8. Can theoretical models be constructed?
At the conceptual level, yes, but effective canonical formalisms are yet
to be developed, and probably must await more definitive empirical
correlations.

9. What are their scholarly interfaces with other technical disciplines?
Physical, chemical, and biological sciences; psychology; information
technology; health care; or indeed any field that entails human
observation or interaction with non-deterministic processes.

10. Are they related to other domains of creativity or aesthetics?
Virtually every domain of human creativity, aesthetic appreciation, or
spirituality.

11. What are the implications for scientific methodology?
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Uncertainty, subjectivity, and a proactive role of consciousness need to
be explicitly accommodated.

12. What pragmatic applications can be foreseen?
Short-term: technological detection of, response to, and utilization of,
subtle human information processing capabilities.
Longer-term: release of suppressed subjective sensitivities and their
greater utilization in creative and pragmatic contexts.

13. What are the broader cultural implications?
Enhancement of human self-image, personal responsibility, relation-
ships with others, stewardship and enjoyment of the environment, and
evolutionary drive.

Virtually every item on this cryptic list could be pursued in a substantial
philosophical monograph, none of which can be undertaken here, and each could
inspire much more detailed empirical study and theoretical modeling than we
have been able to complete. Given the technical, professional, and personal
challenges such commitments would require, it is inappropriate for us to exhort
others to don this mantle. Rather, we might only suggest to those readers
contemplating such involvement that the price of entry into this epistemological
wonderland includes the capacity for humility, humor, and profound personal
commitment. For ourselves, we can only confess overwhelming satisfaction at
having made that investment at a corresponding juncture in our own careers,
and a sense of privilege and gratitude for the opportunity we have enjoyed to
participate in and contribute to this exciting and challenging domain. The
respect for these capricious phenomena, the intellectual and emotional stim-
ulations they have provided, and the resonant interactions with other players that
they have engendered have far exceeded those we have derived from any other
professional and personal activities, and we suspect that they have prepared us
well for whatever future professional and personal challenges we may meet in
this life, or beyond. Nonetheless, others must buy their own tickets, make their
own selections of activities, and form their own conclusions.

X. Going Forward

As the authors approach retirement from their university positions, with the
inevitable dissolution of the Princeton laboratory complex that will accompany
that transition, it is imperative that plans be made for some following phase of
a more extended and enduring PEAR-related enterprise, and that a viable and
productive agenda be pursued in the time remaining that will gracefully bridge
the two eras. With respect to the former, no firm plans have yet been made,
although several options are being considered. Insofar as the laboratory tran-
sition agenda is concerned, however, the aspirations are more clearly established
and well under way. These focus on three primary goals:
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a) Archiving

As described throughout this paper, over our 26-year history we have designed
and constructed a broad variety of experimental facilities of considerable capital
value; accumulated many immense databases that continue to serve as empirical
reservoirs for future analyses and the development of theoretical models, the
conception of new experiments, and the enhancement of intellectual insights in
our own laboratory and elsewhere; written hundreds of archival publications,
detailed technical reports, and a book that has become a definitive reference in
this field; presented numerous invited talks to appropriate professional societies;
and developed an undergraduate course with an associated laboratory experience,
and an internship program to attract and enable young scholars from elsewhere
who are interested in this topic. At this time, it seems prudent, indeed morally
obligatory, to undertake a comprehensive archiving effort that will ensure
preservation and availability of the laboratory data, publications, equipment, and
overall intellectual insights accumulated over the past two and a half decades.
The primary purpose of this project is to provide an organized and centralized
body of resources as a foundation on which future scholars may efficiently base
their own architectures of understanding. A secondary goal is to enhance the
growing public awareness of the scientific validity of research such as ours, and
its potential practical applications. Specific elements of this broad effort include
the deployment of the experimental equipment to new locations where it can
continue to serve scholars pursuing this form of research; completion,
organization, and placement of all relevant technical and philosophical written
documents into user-friendly formats that will be readily accessible to future
investigators; and preparation of a variety of other forms of documentation
addressed to both specialist and public audiences. Major portions of this project
have been underwritten by grants from several individual and institutional
philanthropists, although a fully comprehensive effort will still require addi-
tional support.

b) Outreach

The programs of educational outreach and stimulation embodied in the ICRL/
PEARtree activities, the SSE Young Investigators Program, and the laboratory
intern formats described in Section VI, clearly must transcend the conclusion of
the PEAR laboratory’s technical operations and continue to expand into more
extended configurations. The conviction here is that it is from the young people
of the world, not yet intellectually and emotionally constrained by the
entrenched pedagogy and values of the canonical establishments, that the most
creative new ideas, and the vigor and courage to pursue them, will emerge. We
see our continuing role to be the encouragement, protection, and support of them
until they can fly on their own.
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c) Applications

As some wag once remarked, ‘‘If we had waited until we understood
combustion before we built automobiles, we would all still be riding horses.’’
The truthful essence of that maxim is that nothing stimulates public attention
to a topic better than its demonstrable practical applications, whether or not
we may fully understand it fundamentally. The same applies to the study of
consciousness-related anomalies, especially since their fundamental comprehen-
sion may evade us for some time. Nothing would inspire greater scholarly
interest, silence the skeptics, and generate major financial support for further
research better than empirical demonstration of the profitable pragmatic
utilization of these currently inexplicable effects. And we are not far from that
demonstration. As mentioned earlier, our FieldREG results suggest that we are at
the edge of a microelectronic technology that in its capacity to detect collective
harmonies of purpose has foreseeable beneficial applications in a variety of
public and private enterprises. A more proactive vision entails implementation of
synergistic influence of human intention on suitably configured electronic
processors to achieve capabilities beyond those of the devices themselves.
Thus, the third major segment of our transition agenda entails continuation and
completion of a group of basic experiments and theoretical models that appear to
hold particular promise for eventual transfer of our understanding and laboratory
technology into practical deployment in various sectors of engineering, health
care, business, education, entertainment, and public safety.

XI. Epilogue

This article began with a warning that its substance and style would depart
considerably from those of a standard scientific review, and indeed the
preceding pages have broached several non-technical dimensions that rarely
intrude upon conventional scientific research, let alone on its reportage. Our
concluding comment here is simply to emphasize that this has not been mere
editorial whimsy. Rather, it has been an attempt to convey the hard-won
conviction that significant progress in capturing and comprehending these
elusive effects requires the investigators to handle with equanimity and skill all
manner of subjective and interpersonal ramifications and intrusions and, where
feasible, to entwine them productively with the more traditional research fibers.
This is not only a defensive strategy to sustain the stability of the program
against external pressures. It is the essence of the phenomena themselves that
they can erupt spontaneously and sporadically in any experiential venue,
technical or other, and it is from collective study of these complex composite
patterns of manifestation that we have the best hope for their definition and
comprehension. Monotonic attempts to display and confine these phantoms of
physical effect, however promising the venue may seem initially, eventually run
dry, while the effects find other formats to express their intrinsic irregularity.
Standard replicability criteria and deterministic mechanics are thereby taunted,
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and a more sophisticated conception of causality must be sought, such as has
been advocated and illustrated above. This capriciousness has been found, in an
almost fractal-like sense, at all levels of our research operations. At the most
rudimentary scale of the REG effects, the experimenter is totally impotent to
identify which particular bits in the information stream have been altered from
their random expectation; the anomalous effects manifest statistically only on
the stream as a whole. Even the mean shifts thus defined variegate from trial to
trial, from series to series, from day to day, from operator to operator, in
a manner that suggests inextricable dependence on the subjective environment in
which the experiments are performed. Worse yet, the initial modes of anomalous
expression may subside after a time, temporarily or permanently, to be replaced
by a variety of structural distortions at other levels of the corresponding data
distributions, much as a laminar fluid stream may unpredictably dissipate its
orderly motion into patterns of turbulence, and recover therefrom.

And this complexity of expression is not restricted to the experimental results.
On many occasions we have encountered inexplicable aberrations in the
ancillary fibers of our enterprise as well: improvements or deteriorations in the
staff interpersonal dynamics; environmental benefits or hindrances to our
laboratory functions; totally unexpected financial contributions, or abrupt
cessations thereof; unsolicited professional endorsements or skeptical in-
terference; sudden appearance of dedicated volunteers, or of disruptive critical
challengers; spontaneous public acclamations, or malicious discredits; periods of
blazing insight, or doldrums of confusion and confound. None of these have
been particularly remarkable events individually, but collectively they have
compounded to a cacophony of sporadic stimulation and suppression that has far
exceeded any reasonable expectations. It is almost as if the program has
established a felicitous home for the phenomena to reside, wherein they can
express themselves in many ways, at many levels of experience, for observation
by those seeking their understanding.

The celebrated movie ‘‘Field of Dreams’’ begins with a mid-Western farmer
being exhorted by a disembodied voice proclaiming ‘‘If you build it, they will
come.’’ The ‘‘it’’ refers to a rudimentary baseball facility he is to carve out of his
cornfield. ‘‘They’’ refers to an ensemble of spiritualized baseball players of the
past, and somewhat later to an audience of live spectators that will assemble to
watch them play. The ensuing drama involves a supporting cast of characters
bringing an array of familiar attributes and reactions to this implacable enter-
prise: a long-suffering but tolerant wife; an ingenuously supportive child; an
estranged, departed father; indignant and derisive neighbors; recalcitrant finan-
ciers; and an endearing sports fan who in his own terms has heard the same call,
resisted it for a while, and finally submits to a cooperative enterprise. So despite
the raucous opposition the facility is built, complete with night lighting, spec-
tator stands, dugouts, and other accoutrements, and the spiritual players do
indeed appear to play their magical games. Old personal relationships are
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healed, other issues of the past are resolved, other miracles occur, and the world
swarms to the site to see for itself the transcendent scene.

Of course we claim none of the majesty of this extravaganza, but we cannot
escape a similar sense that having responded to our own form of summons to
construct the PEAR laboratory, with all of the conglomerate physical, technical,
environmental, social, and spiritual characteristics it has embodied, it too has
somehow become a sanctuary for the spirit as well as the substance of the
phenomena under study, and for the growing community of seekers from all
around the world who also have been called to explore them. It is our hope that
when this laboratory, like Brigadoon, dissolves back into the mist of the more
conventional academic countryside, that sublime spirit, along with the more
tangible accomplishments, will also survive to inspire, sustain, and delight those
who believe enough in the power of love to seek its manifestation in the future.

This, in essence, is the PEAR Proposition.
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Abstract:  Three practitioners of the Japanese healing technique known as “Johrei” 

served as operators on three of the PEAR laboratory’s repertoire of human/machine 

anomalies experiments.  Using Johrei on a so-called “Yantra” experiment, two of the 

three participants achieved anomalous effect sizes that were substantially larger than 

those typically produced by a broader range of common operators, but curiously inverted 

from the pre-stated directions of intention.  The yields also were sharply correlated with 

particular optical and acoustical environmental options.  When these same operators 

suspended their Johrei techniques, all results were at chance.  On a “Fountain” 

experiment, none of the Johrei operators achieved statistically significant results in either 

their Johrei or non-Johrei efforts.  Deployment of “FieldREG” equipment and protocols 

in various Johrei assemblies yielded several anomalous REG output segments 

comparable with those obtained in the best of many other applications of this technology.  

The small number of Johrei operators and the limited sizes of the databases necessarily 

restrain more generic interpretations of the results, but some motivation for extension of 

such studies has been established. 

 

 

* Corresponding author:  <rgjahn@princeton.edu>. 
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I.  Introduction 

 

 In March 2001 the Princeton Engineering Anomalies Research (PEAR) laboratory 

received a gift from Sekai Kyusei Kyo, Japan, for the purpose of adapting certain of its 

experimental equipment and protocols to assess the possible influence of Johrei on the 

behavior of random physical processes.  The experiments commenced in March 2001 and 

were completed in November 2002.  Analysis of the results has proven complex, and 

their interpretation somewhat equivocal. 

 

 Three experienced Johrei practitioners served as volunteer operators for three 

separate experiments, termed “Yantra,” “Fountain,” and “FieldREG,” respectively, which 

had been developed by the PEAR program to test certain hypotheses suggested by its 

“M5” model of the interrelationships among the tangible and intangible dimensions of 

mind and matter.(1)  Many of the premises of this model are similar to the principles 

underlying the practice of Johrei, and each of the selected experiments recognizes the 

central roles of the unconscious mind and the intangible aspects of the physical world in 

the manifestation of “anomalies” wherein the objective measurables of a physical system 

appear to respond to subjective states of human participants. 

 

 The essence of the practice of Johrei has been nicely summarized by one of the 

operators: 

“Johrei is a healing art introduced in Japan in the first half of the 20th 

century by Mokichi Okada.  Okada recognized the importance of research 

to the practice and expansion of the practice of Johrei, and recognized that 

the U.S. was likely to be important to achieving this research.  ‘Johrei’ is a 

noun used both to describe the art and to describe the healing energy that 

is used in the practice of the art.  Johrei is practiced throughout the world, 

with particularly large followings in Japan, Thailand and Brazil. 

 

“The focus of Johrei is on the health of people and the social and physical 

environment in which individuals find themselves.  In the giving of Johrei, 
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practitioners understand that they are ‘channels’ for Johrei.  That is to say, 

the ‘energy’ or ‘Light’ of Johrei originates external to the practitioner, is 

attracted to and passes through the practitioner and is extended as a beam 

from the hand of the practitioner.  This beam is directed through the 

recipient, be the recipient a person or in the case of this study, a scientific 

instrument.  The ability to channel Johrei is acquired through training and 

subsequent practice.” 

 

The “Yantra” experiment utilizes a microelectronic noise diode as a random 

physical source, in a design derived from many other random event generator (REG) 

studies that have been conducted in the PEAR laboratory.(2, 3, 4)  It differs from these 

earlier experiments in that the operator is not required to generate baseline (null-

intention) trials, and is not provided with feedback on the real time performance of the 

REG.  Instead, it offers visual options of a display consisting of a mandala image (Sri 

Yantra) that either changes color in time with the data generation process, or provides a 

stable white image against a blue background.  It also offers audio options that allow the 

operator to listen to the beat of a drum in rhythm with the pace of data generation, either 

in regularly spaced single beats, or in heartbeat-simulating double beats.  These visual 

and auditory accompaniments were selected on the basis of earlier “ArtREG” results, 

wherein archetypal images associated with spiritual traditions were found to produce 

stronger effects than those of more mundane contexts.(5) The operator can choose any 

combination of these or no visual or auditory accompaniment at all. 

 

 A single experimental series consists of four 100-trial runs, each comprising 200 

binary samples, two runs being generated under a pre-recorded intention to produce 

higher REG output counts and two to produce lower counts, with each run lasting 

approximately two minutes.  In this investigation, each of the three operators was asked 

to produce a total of 40 series, 20 of which were generated while focusing Johrei and 20 

of which did not invoke Johrei.  Data were analyzed in terms of the differences between 

the results of the high and low intentions in the Johrei condition, compared with those of 

the non-Johrei condition. 
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 The “Fountain” experiment explores the effects of operator consciousness on the 

dynamics of an attractive illuminated fountain monitored by a sensitive photomultiplier 

system.  In contrast to most other REG experiments, there is no directed intention to 

change the behavior of the fountain.  Instead, the operators are simply asked to relax and 

enjoy the experience in one condition, and to ignore the device in the other.  An 

experimental session consists of four 3.5-minute runs, two in each condition.  In the 

Johrei study, the operators again produced 20 sessions while focusing Johrei and 20 

without Johrei. 

 

 The “FieldREG” experiment utilizes a portable version of the REG equipment 

that permits data collection outside the laboratory environment, in real world situations 

characterized by subjective resonance among a group of people.  In these applications 

there are no stated directional intentions, and typically no deliberate attention is given to 

the device during its operation.  Rather it serves as a passive monitor of the prevailing 

group dynamics.  Data are generated continuously over extended periods of time, with 

index entries and experimenter notes identifying the beginning and end of predicted 

periods of particular interest.  In the Johrei study, a FieldREG device consisting of a 

microREG and attached Palmtop computer was operated during a number of Johrei 

assemblies, under the hypothesis that data produced in these periods would display 

deviations from chance expectation and from data generated during control periods. 

 

 The balance of this report will consist of synoptic reviews of the results of these 

three experiments and the interpretations thereof, with more complete compendia of the 

data relegated to the Appendices. 
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II.  Yantra Experiments 

 

 The results of the Yantra experiments are summarized in the subsequent tables 

and graphs using the following notations: 

Op.: Operator designations.  (Consistent with our long-standing policy of 

strict operator anonymity, the Johrei participants are labeled only by 

X, Y, and Z, respectively.) 

Hn , Ln : Number of trials for high and low efforts. 

Hµ∆ , Lµ∆ : REG output average trial mean shifts from the theoretical chance 

expectation, 1000 =µ  counts, for high and low efforts, respectively.  

These are alternatively referred to as “effect sizes.” 

HZ , LZ : Corresponding statistical “Z-scores,” nZ
0σ
µ∆= , where 

=0σ theoretical trial standard deviation ( )071.7= , and =n  number 

of trials performed (= 4000 per operator, per intention, with and 

without Johrei). 

HIp , LOp : Corresponding probabilities of chance occurrence, computed on a 

two-tailed basis, as discussed in the text. 

( )NHI , ( )NLO : High-intention and low-intention results using no Johrei strategy. 

( )JHI , ( )JLO : High-intention and low-intention results using Johrei strategy. 

( )N∆  ( )LOHI −  difference results using no Johrei strategy. 

( )J∆  ( )LOHI −  difference results using Johrei strategy. 

∆∆µ : Difference in average trial mean shifts for high- and low-intention 

effects. 

∆Z : Corresponding Z-scores of ∆∆µ . 

∆p : Corresponding  two-tailed chance probabilities of ∆Z . 

Σ : Results for all three operators as a group. 

Hδ , Lδ , ∆δ : Differences of HI, LO, and ∆  values for Johrei and non-Johrei 

conditions. 
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Table I:  Summary of HI(N) Results† 

Op. X Y Z Σ  

Hn  4000 4000 4000 12000 

Hµ∆  .083 .122 .013 .072 

HZ  .738 1.087 .119 1.122 

Hp  .46 .28 .91 .26 

 

Table II:  Summary of LO(N) Results† 

Op. X Y Z Σ  

Ln  4000 4000 4000 12000 

Lµ∆  –.045 .134 .023 .037 

LZ  –.405 1.196 .204 .575 

Lp  .65 .23 .84 .56 

 

Table III:  Summary of HI(J) Results† 

Op. X Y Z Σ  

Hn  4000 4000 4000 12000 

Hµ∆  –.198 –.307 .047 –.153 

HZ  –1.769 –2.746 .418 –2.365 

Hp  .08 .006** .67 .018* 

 

Table IV:  Summary of LO(J) Results† 

Op. X Y Z Σ  

Ln  4000 4000 4000 12000 

Lµ∆  .256 .117 –.076 .099 

LZ  2.290 1.047 –.682 1.532 

Lp  .022* .30 .50 .13 
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Table V:  Summary of ZH(pH), ZL(pL), Z∆∆∆∆(p∆∆∆∆) Results† 
for non-Johrei and Johrei Conditions 

Op. X Y Z Σ  

( )NHI  .738 (.46) 1.087 (.28) .119 (.91) 1.122 (.26) 

( )NLO  –.405 (.65) 1.196 (.23) .204 (.84) .575 (.56) 

( )N∆  .808 (.42) –.078 (.94) –.060 (.90) .387 (.70) 

( )JHI  –1.769 (.08) –2.746 (.006*) .418 (.67) –2.365 (.018*) 

( )JLO  2.290 (.022*) 1.047 (.30) –.682 (.50) 1.532 (.13) 

( )J∆  –2.870 (.004**) –2.682 (.007**) .778 (.44) –2.756 (.006**) 

Hδ  –1.773 (.08) –2.710 (.007**) .212 (.84) –2.467 (.014*) 

Lδ  1.905 (.06) –.106 (.92) –.626 (.53) .677 (.50) 

∆δ  –2.601 (.009**) –1.841 (.06) .593 (.54) –2.223 (.026*) 

†More detailed results in Appendix. 
*, ** denote two-tailed statistical significance beyond the .05 and .01 levels, respectively. 

 

Interpretation 

 From the Summary Tables I–V, and their more detailed versions A.I–A.IV in the 

Appendix, several features of the operator performance are evident: 

 1)  In the non-Johrei condition, none of the operators individually, nor the group 

as a whole, produced any statistically significant anomalous effects. 

 2)  In the Johrei condition: 

• Operator X produced a statistically significant mean shift in the 

( )JLO  intention ( )022.=p , albeit in the direction opposite to that 

intention. 

• Operator Y produced a highly significant anomalous mean shift in the 

( )JHI  intention ( )006.=p , also opposite to intention, strong enough 

to carry the composite ( )JHI  data of the three-operator group to a 

significant value ( )018.=p . 
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• Operator Z, in contrast, produced modest mean shifts in both the 

intended ( )JHI  and ( )JLO  directions, but these did not attain 

statistical significance for these relatively small datasets. 

 3)  As a consequence of these directional effects, the Johrei vs. non-Johrei, HI – 

LO (∆) differences were statistically highly significant for Operator X ( )009.=δp .  For 

Operator Y, the Johrei vs. non-Johrei HI data alone were highly significant ( )007.=δp .  

Even when combined with the non-significant results of Operator Z, the group as a whole 

( )Σ  achieved a significant difference between the Johrei and non-Johrei ∆  conditions 

( )026.=δp , and between the Johrei and non-Johrei HI efforts alone (.014), again all in 

the direction opposite to the intentions.  (It is these inverse correlations with the pre-

stated intentions that force us to apply two-tailed significance criteria.) 

 4)  The absolute anomalous effect sizes (mean shifts) driving these statistically 

noteworthy results were an order of magnitude larger than those we typically have seen 

for the much larger databases of our other REG experiments,(3) implying that had these 

Johrei efforts been extended to much larger accumulations of data, the statistical effects 

could have been even larger. 

 

 Given these large effect sizes and statistical confidences, it is possible to move to 

more detailed inspection of the Operator databases for structural details that might 

illuminate the nature of the Johrei effect.  The tables in the Appendix list several of the 

higher moments of the output data distribution functions (standard deviation, skew, 

kurtosis, and their associated chance probabilities).  Of these, only the skew is 

remarkable, and that only in the HI(J) efforts of all three operators, indicating that there 

the mean shifts are achieved by asymmetries in the distribution of counts about the mean, 

a fact confirmed by examination of the count distribution profiles.(6) 

 

 Also possibly indicative are the temporal sequencings of achievement illustrated 

by cumulative deviation graphs of operator performances in Johrei and non-Johrei 

conditions shown in Figures 1–6.  To be noted are the relative consistencies of mean 

displacements displayed by Operators X and Y in their Johrei efforts, compared to the 
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more chaotic random walks of the non-Johrei data, suggesting that their Johrei influences 

persist more or less uniformly throughout the entire sequence of experimental series.  

Whether there are more subtle series position effects, akin to those seen in other REG 

databases,(7) is impossible to ascertain for these relatively small Johrei sets.  (Consistent 

with our standard cumulative deviation graphical format, the terminal probabilities noted 

on the right ordinates here are one-tailed values for the individual directions of effort, 

while all of the directional and differential probabilities in the Tables are, for the reasons 

mentioned, computed on a two-tailed basis.) 
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Figures 1–6.  Cumulative deviation graphs for all three operators without and with Johrei. 
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 It remains, of course, to consider why the mean shifts achieved by operators X 

and Y have been effected in directions opposite to their pre-stated intentions.  Here we 

can offer little more than speculation based on previous studies of gender effects(8) and 

FieldREG phenomena.(9)  Very briefly, we have come to suspect that the consciousness-

related anomalous physical effects we are studying are engendered by some admixture of 

four subjective features of the human/machine interactions:  1) a conscious intention or 

desire; 2) an unconscious sense of meaning or purpose associated with the device or task 

at hand; 3) an emotional resonance with the experimental device, procedure, and 

ambience; and 4) an intrinsic uncertainty in the physical process itself, in the potential 

outcome of the experiment, or in the psyche of the operator.  The specific character of the 

emergent anomalous effects seems to depend on the manner in which these factors play 

out in the given experimental context.  For example, when real-time feedback is 

provided, the directionality of the effect seems to be driven by the personality of the 

operator, e.g. assertive masculine (yang) attitudes tend to favor anomalous excursions in 

the intended directions, whereas the magnitude of the effects seems greater for receptive 

feminine (yin) attitudes, albeit with poorer correlations with intention.  Such attitudinal 

complementarity has been evident in a number of our other experiments,(10) and seems 

apparent in various other creative endeavors, as well.  In FieldREG applications, for 

example, where by design there are no stated intentions and no real-time feedback, we 

see larger effects, indiscriminately distributed in both directions.  The speculation thus 

would be that in these Yantra experiments, given the passive nature of the Johrei 

transmission and the relatively gentle and non-technical personalities of these operators, 

intentionality has been subordinated to effect size, with the consequent large deviations 

uncoupled from their intended directions. 

 

Correlations with Environmental Stimuli 

 As mentioned in the introduction, the Yantra experiment is equipped with an 

assortment of optional visual and auditory environmental stimuli that the experimenter 

may, or may not, employ during the experimental efforts.  While these options may be 

treated as secondary experimental parameters, they also may serve to enhance the 

resonant coupling of the operator to the device and task, at his or her personal discretion.  
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Thus, any correlations displayed between operator performance and the particular options 

selected possibly may provide some insights on the subjective aspects of the interactions, 

and on the conditions that may favor anomalous behavior.  In this spirit, we have listed in 

Table VI the Johrei ∆Z  scores achieved by the three operators individually and 

collectively when using various elements of the three-dimensional matrix of optional 

conditions listed in the attached Key. 

 
Table VI:  Operator Z∆∆∆∆ Performances with Johrei, 

Using Various Environmental Options 

Key 

 n = number of trials in option subset 

First Index: I = instructed assignment of intended direction 
 V = volitional assignment of intended direction 

Second Index: Optical Options 
 N = no video image 
 S = steady yantra image (cf. Fig. 7) 
 C = changing yantra image 

Third Index: Acoustical Options 
 N = no sound 
 S = single drumbeats, phased with REG trial counts 
 H = double drumbeats, simulating heartbeats, phased with REG trial 

counts 
 O = optional alternative sound, provided by operator 

 

Figure 7.  Yantra Pattern Display 
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Table VI: 

Op. X Y Z Σ  

OPTION 
COMBO ∆Z  n ∆Z  n ∆Z  n ∆Z  n 

INN   –.785 200 .647 1200 –.127 1400 
ISN –1.336 200†     –1.336 200 
ICN –1.050 400     –1.050 400 
INS .976 200 –.686 200 .545 400 .482 800 
ISS –2.890** 600 –2.107* 200   –3.534** 800 
ICS –1.123 600     –1.123 600 
INH .035 400 –1.499 200 1.730 400 .154 1000 
ICH –.370 1000     –.370 1000 
INO   .438 200   .438 200 

VNN     –1.757 800 –1.757 800 
VCN     .750 200 .750 200 
VNS   –.635 400 .404 600 –.174 1000 
VCS –1.310 400 –.346 200   –1.171 600 
VNH   –1.764 2400 .525 400 –.876 2800 
VSO –1.407 200     –1.407 200 

† denotes number of runs comprising data subset. 

(ISH, ISO, ICO, VSN, VHS, VSH, VCH, VND, VCO not used.) 
 

 Note that of the 24 possible permutations of the Intention × Optical × Acoustical 

matrix of options, only 15 actually were invoked, and of these only 2 (INS, INH) were 

used by all three operators, and only 5 (INN, ISS, VNS, VCS, VNH) by two operators.  It 

follows that any generalizations regarding the efficacy of particular forms of stimulus, or 

combinations thereof, are very risky.  Notwithstanding, our attention is drawn to the 

exceptional performances of both Operators X and Y under the ISS condition (instructed, 

static image, single beat) which combine to more than 3.5 standard deviations of reverse 

displacement ( )0004.=∆p .  (Unfortunately, Operator Z, whose overall data did not show 

this reversal, did not opt for that condition).  This outlying performance is also evident in 

the Table VII tabulation of all Johrei results broken by collective directional, optical, and 

auditory categories: 
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Table VII:  All Johrei Z∆∆∆∆ Results by Intention, Optical, and Auditory Options 

Intention ∆Z  n ∆p  

Instructed –1.664 6400 .09 

Volitional –2.256 5600 .024* 

Video    

Steady Image –4.024 1200 <.0001** 

Changing Image –1.525 2800 .13 

No Image –.915 8000 .36 

Audio    

Single Beats –2.385 3800 .017* 

Heartbeats –1.061 4800 .29 

Operator Choice –.685 400 .49 

No Sound –1.236 3000 .21 

 

At this point, we are loathe to generalize this behavior beyond a tentative suggestion that 

the application of Johrei in this experimental context may be favored by certain 

prevailing environmental stimuli.  A more comprehensive analysis of our complete Yantra 

database indicates that similar preferences for particular combinations of these 

environmental options appear in the structure of results across many other operators and 

intentional strategies.(11) 
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III.  Fountain Experiments 

 

 The PEAR “Fountain” experiment is one of several facilities designed and 

operated to explore the sensitivities of anomalous human/machine effects to the particular 

type of random physical source addressed and to the character of the feedback provided 

to the operators.  Its central feature is a millimeter-diameter illuminated jet of pure water 

projecting vertically upward in a laminar column for several centimeters, then collapsing 

into a turbulent structure that eventually cascades back onto the source orifice, much like 

the larger fountains commonly seen in public parks and gardens.  A focused bright light 

transmitted through or reflected from this laminar/turbulent jet enhances the aesthetic 

attractiveness of the display and provides the essential quantitative diagnostics for the 

experiment.  This luminous pattern is transduced photoelectronically to yield real-time 

values of the oscillating length of the laminar column (“height” mode), or the total light 

scattered from the column and its turbulent top structure (“sparkle” mode).  The Johrei 

experiments on this facility were conducted solely in the “sparkle” implementation. 

 

 The protocol of this Johrei experiment requires the operator to produce data in 

runs of two trials each over a binary matrix of four conditions:  operator attention to the 

visual fountain dynamics (“attended”) vs. no such attention (“unattended”) × use of 

Johrei or none.  To compensate for unavoidable environmental drift in the fountain 

behavior, data were processed only as differences between “attended” and “unattended” 

values for both the Johrei and non-Johrei conditions, for each operator individually, and 

for the group as a whole.  Even so, for subtle technical reasons, two statistical evaluation 

recipes designed to cancel out temporal drift, labeled “V” and “Q,” were carried forward 

separately, and reduced to their corresponding Z-scores and associated probabilities 

against chance.  The results for operators X, Y, and Z are presented in Table VIII, and 

more completely in Appendix Table A.V. 
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Table VIII:  Johrei vs. non-Johrei Zδδδδ Results on Fountain Sparkle Experiment 

Op. X Y Z 

No. Run Pairs 10 10 10 

Scoring Recipe V Q V Q V Q 

δZ  –.97 –.69 .57 .03 .63 .42 

 

Clearly there are no statistically significant indications of the efficacy of Johrei 

techniques on this experiment for these small data sets, given the intrinsic noise scale of 

its physical source.  Whether such might emerge from a much larger investment of many 

more trials or operators on this same experiment remains speculative. 
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IV.  FieldREG Experiments 

 

 For several years PEAR has conducted a large number of experiments wherein 

miniaturized versions of our REG technology have been deployed passively in a variety 

of group environments, such as spiritual services, academic conferences, business 

meetings, artistic performances, athletic contests, and other venues wherein some form of 

collective emotional involvement might be expected.  The design of this equipment, the 

data-collection protocols, and the interpretation of the results have been detailed in a 

number of publications.(4, 9, 12)  Briefly, it has been found that when the convocations 

generate a high degree of emotional resonance among the participants, the outputs of the 

digital electronic FieldREG units tend to display mean shifts that deviate from chance 

expectation, even though the participants typically are unaware of the presence of the 

device.  These trends may be displayed as cumulative deviation traces, similar to those 

produced in the laboratory-based experiments, but since there is no stated direction of 

intention for the identified data segments, the results are better assessed on the basis of 

their �2 distributions, i.e., the Z-scores for the segments of interest are squared and 

summed.  In essence, this process provides an indication of the degree of structural 

variance among the segments that may be compared with chance predictions. 

 

This portion of the Johrei project was intended to display the character of 

FieldREG responses that might emerge from certain Johrei ceremonial functions.  A 

number of such applications were undertaken in October and December of 2000, 

involving both small and large group gatherings.  The results of these, shown in Figures 8 

and 9, are consistent with some of the most successful yields we have observed in other 

applications of this technology.  The REG outputs for each event and subsets thereof are 

represented as a sequence of cumulative deviation traces, where the horizontal lines and 

their surrounding parabolas indicate the mean value expected by chance and the one-

tailed 95% confidence intervals, respectively.  The vertical lines denote the 

experimenter’s notations of the beginning and end of distinct periods where the group 

was engaged in collective rituals or other relevant activities.  For most of the events, the 

active segments are either preceded or followed by periods of passive baseline 
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generation.  As can be seen in the figures, many of these marked segments indicate strong 

trends of consistent mean shifts over extended periods of time.  Taken in concert, it is 

clear that there is a larger overall variance in the FieldREG output than would be 

expected by chance.  In the sequence of Figure 8b, for example, these compound to an 

overall deviation having a chance probability of .023.  In the Figure 9 illustration, 

although the trends of the individual segments from Days 1 and 2 tend to cancel one 

another’s effect over the compounded sequence, these still constitute a strong collective 

variation relative to chance. 
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 We are thus left only with a preliminary indication that some evidence of Johrei 

may indeed be manifested in the output of this probabilistic physical device, but much 
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more data, more completely annotated, would be needed to verify this claim, or to 

identify any objective or subjective correlates. 

 

V.  Summary Remarks 

 

 In its essence, Johrei involves a manual invocation of some form of celestial 

illumination as a vehicle for transmission of subtle healing energy to one’s self, a patient, 

or some other less than well ordered target object or system.  This particular set of pilot 

experiments was intended to explore the extent to which Johrei techniques could 

effectively be extended beyond strictly physiological or psychological regimes, into less 

personalized physical devices and systems.  As such, it should complement other basic 

research recently performed elsewhere on more explicitly biological targets.(13, 14, 15)  

Although far from conclusive, and somewhat bemusing in their character, the results 

suggest that the phenomena involved may not be restricted to living components and 

systems, but may well be manifested in broader aspects of experiential reality.  If 

supported by further experimentation, the implications for their ultimate comprehension, 

the corresponding extension of scientific methodology that will be required for their 

systematic study, and their beneficial applications could be immense. 
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Appendix 
 

 For readers having more detailed technical interest, we present here more 

complete tabulations of the salient statistical features of the output data distributions from 

which the more concise tables and graphs of the main text have been distilled.  Full 

representations of the raw experimental data are retained in our files and archives. 

 

“Yantra” Experiment 

 

Notation for Tables A.I–A.IV: 

n  = Number of trials in data set. 

µ∆  = Mean shift from chance mean ( )1000 =µ . 

σ  = Trial standard deviation (chance expectation 071.70 =σ ). 

µZ  = Z-score of mean shift n
0σ
µ∆= . 

zp  = Two-tailed probability of µ∆  by chance. 

σZ  = Z-score of standard deviation. 

S  = Skew of count distribution. 

σZ  = Z-score of skew value. 

K  = Kurtosis of count distribution. 

KZ  = Z-score of kurtosis value. 

Probabilities of chance occurrence are quoted ( ) only for Z-scores exceeding the two-

tailed significance thresholds of ( )*05.96.1 ≤± p  or ( ) **01.58.2 ≤± p . 

 

 

 

 

 

 



 

27 

Table A.I:  Details of HI(N) Results 

Op. X Y Z Σ  

n  4000 4000 4000 12000 

µ∆  .083 .122 .013 .072 

σ  7.027 7.164 6.995 7.062 

µZ  .738 1.087 .119 1.122 

σZ  –.559 1.177 –.964 –.202 

S .034 –.019 –.007 .0026 

ZS .887 –.494 –.188 .117 

K .081 –.005 .021 .033 

ZK 1.169 .060 .404 .962 

 

 

 

Table A.II:  Details of LO(N) Results 

Op. X Y Z Σ  

n  4000 4000 4000 12000 

µ∆  –.045 .134 .023 .037 

σ  7.076 7.054 6.955 7.028 

µZ  –.405 1.196 .204 .575 

σZ  .063 –.212 –1.469 –.934 

S –.005 .013 –.057 –.016 

ZS –.127 .327 –1.469 –.707 

K .078 –.150 .077 .0021 

ZK 1.130 –1.805 1.121 .270 
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Table A.III:  Details of HI(J) Results 

Op. X Y Z Σ  

n  4000 4000 4000 12000 

µ∆  –.198 –.307 .047 –.153 

σ  7.132 7.045 7.036 7.072 

µZ  –1.769 –2.746 (.006**) .418 –2.365 (.018*) 

σZ  .775 –.331 –.443 .024 

S .098 .087 .083 .089 

ZS 2.526 (.012)* 2.235(.025)* 2.151(.031)* 3.983(.0001)** 

K –.026 –.088 –.065 –.058 

ZK –.207 –1.004 –.713 –1.082 

 

 

 

Table A.IV:  Details of LO(J) Results 

Op. X Y Z Σ  

n  4000 4000 4000 12000 

µ∆  .256 .117 –.076 .099 

σ  7.000 7.080 7.100 7.060 

µZ  2.290 (.022*) 1.047 –.682 1.532 

σZ  –.896 .109 .366 –.224 

S .013 .025 .013 .016 

ZS .330 .636 .327 .719 

K –.066 .007 –.105 –.054 

ZK –.723 .219 –1.224 –.976 
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“Fountain” Experiment 

 

Notation for Table A.V: 

=N  Number of runs in data set. 

V, Q = Alternative data scoring recipes (see text) 

=Jµ  Mean of Johrei efforts 

=Nµ  Mean of non-Johrei efforts 

=Jσ  Standard deviation of Johrei efforts 

=Nσ  Standard deviation of non-Johrei efforts 

=NJ sese ,  Standard errors of Johrei and non-Johrei efforts ( )Nse σ=  

=δµ  NJ µµ −  

=δse  Standard error of 22
NJ sese +=δµ  

=δT  δδµ se  

=δZ  Equivalent Z-score of δµ  (cf. “S-plus” statistical functions) 

SJ, SN = Skew of Johrei and non-Johrei efforts 

KJ, KN = Kurtosis of Johrei and non-Johrei efforts 
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Table A.V:  “Sparkle” Mode (Attended vs. Non-Attended) 

Johrei vs. Non-Johrei Result Distributions 

Op. X Y Z 

N 10 10 10 

Recipe V Q V Q V Q 

Jµ  –3.52 –3.65 –3.40 –3.18 1.78 .72 

Jσ  10.27 8.91 9.78 9.36 8.57 8.03 

Jse  3.25 2.82 3.09 2.96 2.71 2.54 

Nµ  .58 –.77 –5.73 –3.31 –.43 –.81 

Nσ  8.09 9.26 8.17 7.07 6.76 7.90 

Nse  2.56 2.93 2.58 2.24 2.14 2.50 

δµ  –4.10 –2.88 –2.33 .13 2.21 1.53 

δse  4.13 4.06 4.03 3.71 3.45 3.56 

δT  –.99 –.71 .58 .04 .64 .43 

δZ  –.97 –.69 .57 .03 .63 .42 

SJ .420 .160 –.787 –.575 .188 .412 

SN –.339 .004 .179 –.220 .070 .055 

KJ –.755 –1.012 –.620 –1.244 –.610 –.840 

KN –1.260 –.877 –.831 –.599 –1.149 –1.225 

 

As mentioned in the text, none of the δZ  values approaches statistical significance, nor 

are there any significant structural disparities in the S and K values. 

 

“FieldREG” Experiment 

 

 Beyond the summary graphs and tables included in the main text, statistical 

breakdowns of all segments of both Johrei assemblies are stored in our comprehensive 

FieldREG database manager, but for brevity are not presented in this report. 
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