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Abstract—Although data from the PEAR program at Princeton University
appear to support arole for intentionality in determining physical phenomena,
the use of theoretically based controls raises concerns about validity of the
findings. We re-examined claims from the PEAR lab using experimentally
derived control data in a study of patients with frontal lobe brain damage and
normal subjects. The rationale for including frontal patients follows a suggestion
that reduced self-awareness may facilitate effects of intentionality on physical
phenomena. Frontal patients may have reduced self-awareness, a state not
easily achieved by normal subjects, and may provide a good model for studying
the role of consciousness on physical events within a conceptual framework
that maximizes the likelihood of detecting possible effects. We found a sgnif-
icant effect of intentionality on random physical phenomena in a patient with
left frontal damage that was directed contralateral to his lesion. Moreover, the
effect was replicated.
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Although several studies claim to support arole for intentionality in determining
physical phenomena (Schmidt, 1969; Schmidt & Pantas, 1972; Jahn & Dunne,
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1987a; Radin & Nelson, 1989; Jahn et al., 1997), concerns about research design
and a lack of theoretical models (Alcock, 1987; Jeffers, in press), as well as
negative studies (Hall et al., 1977; Jeffers & Sloan, 1992; Ibison & Jeffers,
1998), have been important sources of criticism of the literature in this area
A magor methodological problem in research design relates to the issue of
inadequate experimental controls (Jeffers, in press). For example, Robert Jahn
and his colleagues from the Princeton Engineering Anomalies Research (PEAR)
program have reported statistically significant effects whereby subjects, or "opera-
tors", have successfully influenced the statistical distribution of outcomes from
a Random Event Generator (REG) (Jahn et a., 1987a Jahn et al., 1997).
A concern relates to the nature of the machine calibration data used for
comparison to subject generated data (Jeffers, in press). Rather than collecting
control datain close temporal proximity to the period when a subject is trying to
influence the REG output, the PEAR protocol relies on the assumption that the
REG output is always random in the absence of operator influence. This approach
does not control for potentially unrecognised factors that may affect the REG
output and therefore casts doubt on the interpretation of the experimental
findings. In addition, there are theoretical issues raising questions about the
findings from Jahn’s group, such as the independence of the reported effects from
time and distance, that are difficult to reconcile (Jahn et a., 1997; Jeffers, in
press). Nevertheless, Jahn and his colleagues have amassed a great wealth of data
to support their conclusions that an individual's conscious intention can ater the
statistical distribution of random physica phenomena. Because their findings
would have immense significance if vaidated, we re-examined their claims
using a methodology with well-designed control conditions.

Some highly interesting but speculative ideas relating anomalous physical
activity to consciousness have been advanced by Jahn and Dunne (Jahn et a.,
1987a; Jahn & Dunne, 1986). They proposed a metaphor for consciousness
based upon quantum mechanical concepts that relates consciousness to
anomalous physical phenomena. Based on data from the PEAR lab, they
suggest that consciousness has the potential to influence random physical events
and that this effect is maxima when consciousness is exhibiting "wave
properties’ rather than "particle" properties. Although it is unclear how
consciousness can be characterised in physical terms, the analogy has interesting
implications when taken a step further. Jahn and Dunne propose that the wave
properties of consciousness correlate best with a state in which individuals are
able to divert their attention away from their self-awareness in relation to events
around them. This analogy suggests that states of reduced self-awareness may
facilitate the effects of consciousness on physical phenomena. Self-awareness is
a highly complex neurological function comprised of several hierarchical levels
ranging from visceral knowledge to more abstract concepts of self-image. Thereis
awell-established literature suggesting that this function is mediated by the frontal
lobes and that frontal lesions are associated with reduced self-awareness (Stuss &
Benson, 1986; Stuss, 1991; Carver & Scheier, 1991), a state that is not easily
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TABLE 1
Subject Profiles

Subject Age Gender Etiology
S1 Bilateral frontal 70 F Frontal leucotomy
52 Bilateral frontal 60 F Subarachnoid hemorrhage
53 Bilateral frontal 58 M Subarachnoid hemorthage
54 Bilateral frontal 61 M Frontal leucotomy
55 Left frontal 45 M Tensicn pneumocephalus
S6 Right frontal 70 F Infarct
57 Normal 25 F N7A*
58 Normal 43 M NfA
8% Normal {1 M N/A
510 Normal 69 M N/A
$11 Normal 51 M N/A
$12 Normal 26 F N/A

* N/A = not applicable.

achievable by normal individuals. Studying patients with frontal lobe lesions may
provide a good model for testing the hypotheses from the PEAR lab within the
context of a conceptual framework that would maximise the likelihood of
detecting effects, if these in fact exist. We report our findings in patients with
frontal lobe lesions and in norma subjects, as well as replication data in one
subject with left frontal brain damage.

M ethods

Subjects

Subjects with frontal lobe brain damage (n = 6) and normal subjects without
brain lesions (n =6) were studied. The frontal group consisted of subjects with
lesions in the following brain regions: bilateral fronta lobes (n = 4), Ieft frontal
lobe (n= 1), and right frontal lobe (n=1). Table 1 shows the age and gender of
the subjects and the etiology of the brain lesions in the patients. All subjects with
frontal brain damage, except S1, had a CT or MRI scan of the head document-
ing the site of the lesion. The CT and MRI scans were interpreted blind to the
hypotheses by observers with experience in interpreting neuroradiological scans.
The patient without a scan had a bilateral frontal leucotomy many years earlier.
The normal subjects were comprised of four research saff at one of the study
sites (two of whom are authors) and two relatives of the research geff.

Experimental Procedure

Subjects were asked to st in front of a computer monitor showing an image
of a horizontal arrow or bar. The midline of the screen was indicated by aline.
The subjects were instructed to concentrate on moving the image to the right
(intention right) or left (intention left) of the midline, or not to concentrate on
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Fig. 1. Illustration of computer screen showing initial position of arrow or bar for each intention:
(@ Intention Right; (b) Intention Left; and (c) Intention Baseline.

moving the image (baseline intention). For the right and left intentions, the
image was an arrow; for the baseline intention, it was a bar (Figure 1 a—). The
purpose of selecting an arrow or bar was to provide an ongoing cue to help
subjects maintain their attention on the specified intent.

The order of intentions (right, left, or baseline) followed a predetermined
sequence as shown below (i.e.,, RL B L B...). Subjects who completed more than
the following 12 intentions repeated the same cycle until they finished the study.
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All sx patients and two of the six norma subjects were tested with an
examiner in the room. The four normal subjects who were research gteff (S7, S8,
S11, S12) were tested without an examiner present. The latter is in keeping with
the protocol in the PEAR program where laboratory saff maintain a minimal
presence during the experiments (Jahn et al., 1987a). Each of the six patients,
and the two normal subjects tested by an examiner, were initialy seated facing
the examiner and were given the following instructions: "There are some people
who believe that if we concentrate on something hard enough, we can affect how
things happen. Now we don't know if this is true but we have undertaken to test
this out. We would like to see if there is a possibility that people can influence
something just by concentrating on it." Subjects were then instructed to face the
computer screen, which displayed an arrow pointing in the right or in the left
direction with the tip a the midline. The experimenter then continued with the
instructions: "Now on this screen there is an arrow. What | would like you to do
is concentrate on making the arrow move in the direction that it is pointing.
| want to see how your concentration can affect the position of the arrow. The
arrow will sometimes be on the right and sometimes on the left of the screen, but
| want you to keep the arrow on the left/right side as much as possible. Do you
have any questions? Remember, | want you to try to keep the arrow on the left/
right side as much as possible. I'd like you to begin now."
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The examiner then started the computer program, which was designed to move
the arrow according to the output of a Random Event Generator (REG). The REG
produces a random series of Os and 1°s based upon a sampling of an electronic
noise pattern at pre-set regular intervals. The sign of the signal at the time of
sampling (i.e., positive or negative) is compared with a regularly alternating
sequence of positive and negative pulses. If there is a match (i.e., negative-
negative or positive-positive), a" 1" is generated. If there is no match thena ™ 0"
is generated (Jahn et al., 1987a). Sampling occurred at a rate of 200 per second.
The data were summed as 200-sample bits with expected numerical value of 100
due to a 50% chance of a positive-positive or negative-negative match occurring
a each sampling. Each sample of 200 bits of data comprised a trial.

The position of the arrow relative to the midline of the screen moved
rightward or leftward according to the cumulative mean of the trials with the
midline representing a cumulative mean of 100. An arrow with the tip to the
right of midline represented a mean of greater than 100 and an arrow with the tip
to the left corresponded to a mean of less than 100. The REG used for the ex-
periment was a portable model of the larger device that has been used in the
PEAR program at Princeton University (Jahn et al., 1987a; Nelson et al., 1984,
Nelson et al., 1989; Jahn et al., 1987b; Jahn et al., 1997). The portable REG was
obtained from the PEAR program.

Each intention (right, left, or baseline) consisted of 10 blocks of 100 trias
and lasted approximately 15 minutes. At the end of each block of 100 trials,
the examiner confirmed that the subject understood the task, answered any
guestions, and initiated the next block of 100 trials. After each block of 100
trials, the position of the arrow tip or bar was reset to the midline.

After each intention for right, l€ft, or baseline, a control run of 1,000 trials was
carried out without anyone in the room. This completed one full session of 1,000
trials for the relevant intention and 1,000 control trials. Participation was spread
across severd sessions. The total number of trials varied across subjects due to
differences in the time that they could devote to the study.

Results

Primary analyses were carried out to test whether there were significant
effects of intention in the frontal subjects (bilateral frontal, left frontal, right
frontal, and frontal subjects pooled) and in the normal group. Secondary analyses
were carried out to determine whether there were effects for individual subjects.

Primary Analyses

Figure 2 (a-c) shows the mean output of the REG for each intention (right,
left, baseline) and the mean control output for the patients with frontal lesions
and the normal subjects. Table 2 shows the corresponding number of intention
and control trials.
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Fig. 2. Mean REG output for patients with brain lesions in bilateral frontal (BF), left frontal (LF),
and right frontal (RF) regions, fronta patients pooled (FR), and normal subjects (NORM).
(@ Intention Right; (b) Intention Left; and (c) Intention Baseline.

BF

T-tests were carried out using SAS System for Windows (The SAS System
for Windows, Release 6.12, 1996) to determine whether there were signifi-
cant differences between intention and control conditions for the right, left, and
baseline intentions. Separate analyses were carried out for patients with lesions
in the frontal lobes bilaterally, left frontal lobe, right frontal lobe, all frontal
patients pooled, and for the normal subjects. This resulted in a total of 15
analyses. Using a Bonferroni correction for 15 multiple comparisons, a p-value
<0.05/15 or 0.003 would be required for statistical significance. As shown in
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Fig. 2. (Continued).

Table 3, there were no significant differences between the intention and control
conditions for the right, left, or baseline intentions in the bilateral fronta sub-
jects, right frontal subject, or normal subjects. In addition, there were no signifi-
cant differences between the intention and control conditions for the pooled
group of fronta subjects.

For the left frontal patient, there was a significant difference between the
intention and control conditions for the right intention (p =0.0015). The effect
was in the direction of intention and was significant even after Bonferroni cor-
rection for multiple comparisons. There were no significant differences between
the intention and control conditions for the left or baseline intentions in the left
frontal patient.

T-tests were carried out to determine whether there were significant
differences between the intention and control conditions for the right, left, or
baseline intentions for the entire sample of frontal and normal subjects pooled.
There were no significant differences for any intention (right, t[304898] =
0.0480, p = 0.96; left, t[302998] = 0.6709, p = 0.50; baseline, {[299998]
-1.7053, p = 0.09).

Secondary Analyses

Secondary analyses were carried out using t-tests to determine whether there
were significant differences between intention and control conditions for each
subject. Table 4 shows the results of the analysis for each subject. Significant
differences at the p =0.05 level were found between the intention and control
conditions in three instances: intention right (p = 0.0015) (S5, left frontal
patient); baseline (p = 0.03) (S8, normal subject); intention right (p = 0.004) (S9,
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TABLE 2
Total Number of Trials (Includes Intention Plus Control Trials)

Subjects Right Left Baseline
Bilateral frontals 200.900° 201,000 200,000
Left frontal 6,000 8,000 6,000
Right frontal 2,000 2,000 2,000
Frontals pooled 208,900* 211,000 208,000
Normals 96,000 92,000 92,000

* There were 100 fewer intention trials than control trials for the right intention in the bilateral
frontals.

normal subject). The effect was in the intended direction for S5 and S9. Using
a Bonferroni correction for 36 multiple comparisons, a p-value <0.05/36 or
0.0014 would be required for statistical significance. None of these p-values
exceeded this threshold.

As dated in the methodology section, four norma subjects were research staff
(S7, S8, S11, S12) and were tested without an examiner in the room. In addition,
subjects SO and S10 were relatives of the research saff but were tested with an
examiner present. These six subjects were divided into two groups for separate
analysis. One group was comprised of the normal subjects who were research
saff (S7, S8, S11, S12) and the other group was comprised of subjects S9 and
S10. T-tests were carried out to determine whether there were significant
differences between the intention and control conditions for the right, left, and
baseline intentions for these two groups. This resulted in a total of six analyses.
Using a Bonferroni correction for six multiple comparisons, a p-value of <0.05/
6 or 0.008 would be required for statistical significance. There were no sig-
nificant differences between the intention and control conditions for the group
comprised of subjects S7, S8, SlI, and S12 (right, p = 0.69; left, p = 0.61;
baseline, p = 0.24). For the group comprised of subjects S9 and S10 there was
a difference between the intention and control conditions for the right intention
(p = 0.0164) that was in the direction of intention. However, this was not
significant after correction for multiple comparisons. There were no significant
differences between the intention and control conditions for the left (p = 0.14) or
baseline (p = 0.48) intentions for the group comprised of S9 and S10.

In addition to statistical control for multiple comparisons using a Bonferroni
correction, we performed an additional study to experimentally control for the
numerous statistical tests. "Pseudodata" were created by repeating the entire ex-
perimental procedure except that there was no subject or experimenter in the
room during the intention condition. Two sets of pseudodata were generated: the
first a the same site where the original data were collected (pseudodata 1) and
the second in a different building (pseudodata 2). The data were labeled to cor-
respond to the intentions of the subjects as in the real study.

As shown in Tables 5a and 5b, the number of statistically significant results
ranged from one (pseudodata 1) to four (pseudodata 2). Moreover, one of the
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TABLE 3
Analysis of Frontal and Normal Subjects {Intention vs Contrel Conditions)

Subjects Intention t df p-value
Bilateral frontals right 1.1920 200,398 0.23
left 0.1213 200,998 0.90
baseline —1.3874 199,998 0.17

Left frontal right —3.1691 5,998 0.0015%
left 0.0524 7,998 0.96
baseline —0.3636 5,998 0.71
Right frontal right 0.0375 1,998 0.97
laft —0.8754 1,998 0.38
bascline —1.6084 1,998 011
Frontals pooled right 0.6377 208,398 0.52
left 0.0441 210,998 0.96
baseline —-1.5794 207,998 0.11
Normals right —0.8538 95,998 0.39
left 1.1474 91,998 0.25
baseline ~0.7036 91,998 0.48

Nate: R = Direction of effect was to the right.

significance levels was greater in the pseudodata than in the real data. However,
none of the effects were in the direction of intention and in three instances the
sgnificant effects occurred during the baseline intention.

Replication Study

The primary analyses showed a statistically significant effect in the direc-
tion of intention to the right for the patient with a left frontal lesion. This effect
was significant even after Bonferroni correction for multiple comparisons. To
examine the possible effects in this patient further, we carried out a second study
to determine whether the findings could be replicated. The planned hypothesis
was that he would show a statistically significant effect of intention to the right
but not to the Ieft or in the baseline intention (i.e., that the findings would be the
same as before). The left frontal subject was retested using the methodology
described for the original study.

During testing, a printer error (data was always printed after each block of 100
trials) occurred at the end of the fifth block of 100 trials during a baseline session
and the program exited while the bar was ill on the screen. Although the
complete data for these 100 trials were till captured, areplacement set of 1,000
baseline and control trials for the entire intention was collected on a separate
day. However, the possible impact of the printer error is considered negligible
due to the small number of trials involved, the fact that none of the data were
lost, and because it occurred during the baseline condition in which the subject
was asked not to concentrate on moving the arrow. On another occasion,
abaseline session should have preceded aright intention session but the order was
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TABLE 4
Single Subject Analysis
Mean REG Cutpus
Subject Intention Intention Conirol t p-value Trials {n)
81 right 99.98 100.01 0.4982 0.62 40,000
left 99.97 100.03 0.8491 0.40 40,000
baseline 100.03 100.04 0.2000 0.84 40,000
52 right 99.99 100.07 0.8302 .41 22,900°
left 99.88 99.91 0.3145 075 24,000
baseline 100.03 100.01 ~0.1708 .86 24,000
83 right 99.89 100,02 17414 0.08 34,000
left 100.11 100.00 —1.3408 0.18 33,000
baseline 100,13 100.04 —1.0462 0.30 32,000
54 right 100.02 100.02 -0.0341 0.97 104,000
left 99.99 100.00 0.2488 0.80 104,000
baseline 100.03 99.97 —1.3896 0.16 104,000
53 right 100.19 99.62 -3.1691 0.0015% 6,000
left 99.99 100.00 0.0524 0.96 8,000
baseline 100.01 99.94 —0.3656 071 6,000
56 right 100.07 100.08 0.0375 0.97 2,000
left 99.91 99.64 —0.8754 0.38 2.000
baseline 100.09 9959 —1.6084 0.11 2,000
¥ right 99.84 99.91 0.6708 0.50 16,000
left 100.02 99.98 —0.348] 0.73 16,000
baseline 99.94 99.94 -0.0022 1.00 16,000
58 right 100.00 100.06 0.7071 048 24,000
left 100.03 100.02 —0.1489 0.88 24,000
baseline 100.09 99.89 -2.1274 0.0334% 24,000
59 right 100.21 99.91 —2.8790 0.0040% 18,000
left 100.00 10012 1.0737 0.28 16,000
baseline 99.94 99.99 0.4375 0.66 16,000
510 right 190.01 100.04 0.1845 0.85 6,000
left 99.88 100.14 1.1721 0.24 4,000
baseline 99.74 99.99 0.7088 0.48 4,000
511 right 100.02 100.02 —0.0477 0.96 16,000
left 99.99 100.05 0.6132 0.54 16.000
baseline 100.05 100.04 -0.1077 0.91 16,000
812 right 100.07 100.00 —0.6514 0.51 16,000
left 99.95 100¢.07 1.0216 0.31 16,000
baseline 100.00 100.03 0.2445 0.81 16,000

Note: n = number of intention trials + control trials; R = direction of effect was to the right.

* There were 100 fewer intention trials than control trials.

® 500 baseline control trials were collected incorrectly and replaced by trials collected at a different
time. Although this introduced a potential bias, the difference between the intention and control
conditions was too far from significant for a small number of 500 trials to have had an impact.

reversed. This resulted in two right intention and two baseline sessions being run
consecutively. The right intention sessions were on the same day, whereas the
baseline sessions were on different days. Another occurrence consisted of the
subject seeing double arrows during aright intention session. Finally, during aleft
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TABLE 3a
Pseudodata Analysis §

Mean REG Output

Subject Intention Intention Control t p-value Trials (n)
PS1 rght 99.97 100.05 1.1636 0.24 40,000
left 1011 100,03 — 1.06048 0.29 46,000

baseline 100.07 99.95 —1.7586 0.08 40,000

P52 right 99.95 10010 1.5873 0.11 22,900
left 99.93 104004 0.6576 0.51 24,000

baseline 99.94 10006 1.4214 .16 24,000

PS3 right 99,96 100.02 0.8405 .40 34,000
left 9091 100,02 1.3635 0.17 32,000°

baseline 100.07 99.99 -0.9442 0.35 32,000

PS4 right 100.03 99,99 - 1.06a7 0.29 104,000
left 100.06 99.99 —1.7887 007 104,000

baseline 104,01 99,99 —0.2984 077 104,000

PSS right 99.82 99.93 0.6322 0.53 6,000
left 100020 104100} —1.2473 0.21 8,000

baseline 09 88 99,93 0.2343 0.81 6,000

PS6 right 99.99 10031 1.0198 031 2,000
left 99,79 100.06 (.8638 0.39 2,000

baseline 949.63 100.31 2.1474 0.0319" 2,000

P57 right 100.02 100.05 (1.2463 0.81 16,000
left 99.99 100.13 1.2288 022 16,000

baseline 100.05 99.99 -0.5196 0.60 16,000

PS8 right 100.06 99.96 —1.1546 0.25 24,000
left 100,05 100.07 0.2370 0.81 24,000

baseling 100.00 99.97 —0.2564 0.80 24,000

P59 right 99,95 100.11 1.5199 013 18,000
left 99.96 100.02 0.5973 0.55 16,000

baseline 100.05 99.95 —0.8764 038 16,000

PS10 right 100.07 99.93 -0.7168 047 6,000
left 99.97 100.16 (1.8457 0.40 4,000

baseline 99,81 99.87 0.2792 0.78 4,000

PS511 right 100,05 100.14 0.8604 0.39 16,000
left 100.01 100.06 0.4769 0.63 16,000

baseline 100.09 99.97 -1.0813 0.28 16,000

pPsi2 right 99.93 100.10 1.5528 012 16,000
feft 100.01 100.12 0.9288 0.35 16,000

baseline 9998 100.13 1.3483 0.18 16,00

Note: n = number of intention trials + control trials; L = direction of effect was to the left.
* Pseudodata contained 500 fewer intention and control wials as compared to real data.

intention session, the building intercom came on at the end of the fourth block of
100 trials. The subject stated that this affected his concentration only dightly. In
al cases described above, the complete set of data was used for analyses,
including the replacement trials that followed the printer error (i.e., no data were
discarded).
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TABLE 5b
Pseudodata Analysis 2
Mean REG Output

Subject Intention Intention Control t p-value Triaks (n)
Psl right 99.95 100.01 (.8327 041 40,000
left 99.96 94.95 —0.2329 0.82 40,000

baseline 100.03 100.00 —(.4994 0.62 40,000

PS2 right 10001 99.95 —0.6746 0.50 22,900
left 100.00 9991 -0.9721 033 24,000

baseline $9.96 9999 0.3060 0.7%6 24,000

P83 right 100.113 100.08 —0.4347 0.66 34,000
left 99.98 L00.01 0.3522 0.72 32,0008

baseline 100.05 100.00 —{1.6143 0.54 32,000

PS4 right 99.94 1X).05 26336 0.0084"% 104,000
left 100.01 99.95 —1.3071 0.19 104 000

. baseline 99.98 99.97 —0.2664 0.79 104,000
Pss right 99.86 100.05 10582 0.29 6,000
left 100.03 L0005 0.1187 0.91 8,000

basetline 100.02 99.95 —0.3727 0.71 6,000

PS6 right 99.68 99.93 0.7972 0.43 2,000
left 99.90 99,76 —0.4402 0.66 2,000

baseline 100.08 99.60 —£.5583 0.12 2,000

Ps7 right 99.90 99.95 0.4285 0.67 16,000
left 100.18 100.02 —1.4678 .14 16,000

baseline 99.83 99.96 L1654 0.24 16,000

Pss right 100.08 t00.05 —0.2359 0.80 24,000
leit 160.16 99.84 -3.5151 0.0004"* 24,000

baseline 100.02 100.02 ~0.0648 0.95 24,000

Ps9 right 100.01 99.98 —.2441 0.81 18,000
left 100.17 99.9% —1.6610 0.10 16,000

baseline 9993 99.83 -0.8404 .40 16,000

PS10 right 10.09 100.14 02525 .80 6,000
left 100.18 100.00 —(.7789 0.44 4,000

baseline 9987 i060.22 [.5658 0.12 4,000

PS11 right HID.06 100.10 0.3433 0.73 16,000
left 99.92 100.00 0.7129 048 16,000

baseline 100.07 99.86 —1.9258 0.0541% 16,000

PS12 right 99.97 99.86 -1.0275 0.30 16,000
left 100.02 99.99 -0.2967 0.77 16,000

baseline 99.78 10001 2.0061 00351 16,000

Note: n = number of intention trials + control trials, R = direction of effect was to the right; L =
direction of effect was w the left.

* Pseudodata contained 500 fewer intention and control trials as compared to real data.

Results of Replication Study

Figure 3 shows the mean REG output for each intention (right, left, baseline)
and the control output for the Ieft frontal subject. There were 19,000 intention
and control trials for the right intention, and 20,000 trias for each of the inten-
tion and control conditions for the left and baseline intentions.
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Fig. 3. Mean REG cutput for the left frontal patient in replication study.

T-tests were carried out using SAS System for Windows, Release 8, to
determine whether there were significant differences between the intention and
control conditions for the right, left, and baseline intentions. There was
a significant difference between the intention and control conditions for the right
intention (t[37998] =-2.53, p=0.0115) but not for the other two intentions (l€ft,
t[39998] = 0.49, p =0.6269 and basdline, {[39998] = —0.07, p = 0.9418). The
significant effect for the right intention was in the direction of intention, asin the
original study.

Since the investigation was run in blocks of 1,000 trials, we examined the data
using blocks as the unit of measurement and the averaged output across trials as
the measure in each block. An F-ratio test with condition (intention vs control)
as the source of variance of interest and the interaction between condition and
block as the error term showed an effect of condition (p = 0.0578). This suggests
that the left fronta subject would show comparable findings on another series of
19 pairs of blocks of 1,000 trials with 94% confidence.

Whereas the mean REG output for the right intention was above the expected
value of 100, the output for the control condition was below 100 (Figure 3). To
examine the possibility that the significant difference between the intention and
control condition was due solely to low output during the control condition, as
opposed to high output during the intention condition, we tested whether the
output for the intention condition was significantly different from a constant
value of 100. This vaue is the theoretica mean output of the REG assuming
truly random and unbiased output. The control values for the left and baseline
conditions are approximately equal to this theoretical mean. The REG output for
the right intention was significantly different than 100 and in the direction of
intention (t = 2.01, p = 0.045, two-tailed test). For the control condition, the
mean REG output was less than (although not significantly different from) 100
(t=-1.56, p=0.12).
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Fig. 4. Mean REG output for each 1,000 trial session in replication study. (a) Intention Right; (b}
Intention Left; and (¢) Intention Baseline.

Figure 4 (a—) shows the mean output of the REG broken down by
consecutive 1,000 trial sessions for each intention (right, left, and baseline) and
for the control output. For the right intention, Figure 4 shows that on most pairs
of blocks of 1,000 trials, the mean REG output follows a fairly consistent pattern
in which the means are either higher compared to the control condition or about
the same. In contrast, the data for each of the left and baseline conditions show
a pattern with less separation between conditions.
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Discussion

We examined the claims from the PEAR program that an individual's
intentions can influence the statistical distribution of random physical phenom-
ena. Our main focus was to test these claims using well-designed control condi-
tions in a population that might maximize the likelihood of detecting any effects
that may exist. Our choice of studying patients with frontal lobe lesions was
based on the concept that the potential to influence random physical events may
be optimized when attention is diverted from self-awareness (i.e., such as when
self-awareness is reduced). This state can occur following frontal brain damage
(Stuss et al., 1986; Stuss, 1991; Carver et al.,, 1991). Our findings showed a
significant effect for the right intention in a subject with left fronta brain
damage. Moreover, this effect was in the direction of intention. In contrast, there
were no significant effects in the other groups (i.e., bilateral frontal, right frontal,
pooled frontal, or normal subjects).

Although the result in the Ieft frontal patient on the right intention was
statistically significant, even after correction for multiple comparisons, this
finding was interpreted with great caution. First, it was based on a relatively
small number of intention trials (n = 3,000) and was derived from only one
subject. Second, we found a p-value for an individua "subject" in the pseu-
dodata that would also have met criteria for significance using a Bonferroni
correction and that was even less than the p-value of 0.0015 obtained from
the left frontal subject. Although the effect of this "pseudopatient” was not in
the direction of intention, the fact that it was significant raised caution for
interpreting the effect in the left frontd patient. However, the replication of the
findings in the left frontal patient in a second well-designed study for each of the
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three intentions: right, left, and baseline, suggests that the effect in this subject
may be more than chance occurrence.

Additional support for a reliable effect in the left frontal subject comes from
further analysis of his data suggesting about a 94% chance of his showing
a similar finding if another series of 19 pairs of blocks of 1,000 trials were run
again. Furthermore, the profile of REG output data for the right intention
showed a fairly consistent separation whereas this was not the case for the left or
baseline intentions.

A comment is warranted about the REG output for the left frontal patient
being lower for the control condition on the right intention, or more to the left,
as compared to the control conditions for the left or baseline intentions. One
might argue that the significant effect on the right intention was an artifact of
comparison to control datathat was in the left direction and that this widened the
difference between the intention and control data. However, this argument is not
tenable because the effect on the right intention was significant even when the
REG output was compared to a theoretical mean of 100—a value which is ap-
proximately equa to the control means for the left intention (99.99985) and the
baseline intention (100.0011).

The patient's cognitive deficits and brain lesion have been described
elsewhere (Marras et al., 1998). He suffered from a tension pneumocephalus
which resulted in cognitive deficits and epileptic seizures. The cognitive deficits
include decreased mental flexibility on the Trail-Making Test, poor attention,
reduced fluency, and impaired spatial planning and visuospatial problem solving.
MRI showed an extensive left frontal lesion but the right fronta |obe was intact.
Psychometric testing and SPECT suggested the addition of right frontal dysfunc-
tion. The SPECT findings provide a measure of function, as opposed to structure,
and were subtle.

As indicated above, frontd lesions have been associated with reduced sdf-
awareness (Stuss et al., 1986; Stuss, 1991; Carver et a., 1991), a state that is
difficult for norma individuals to achieve. The rationale for studying patients
with damage to the frontal lobes was that decreased self-awareness might facili-
tate the effects of intentionality on random physica phenomena. Brain regions
that mediate neurological processes underlying self-awareness include the
frontal lobes bilaterally, particularly on the right (Stuss et a. 2001a; Stuss &
Alexander, 2000a; Stuss & Alexander, 2000b; Stuss et al., 2001b). Whereas the
patient's right-sided brain dysfunction may have been insufficient to produce
a deficit in self-awareness, the extensive lesion on the left may have resulted in
reduced self-awareness when attention was directed towards the right. However,
it remains unclear why positive results should be found only following damage
to the left frontad region and not after bilateral or right frontal lesions. One
speculation is that the effect on random physical events may require reduced
self-awareness combined with relatively intact attentional mechanisms. The
association of frontal lobe lesions, especialy on the right, with impaired at-
tention (Stuss & Levine, 2002) may explain the negative findings in the setting
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of bilateral or right fronta damage. Whether deficits related to left frontal
abnormalities can explain the observed effects on the REG output warrants
further study. Moreover, the question whether normal processes associated with
intact frontal lobe function, together with preserved self-awareness, may serve to
inhibit effects of intentionality on random physical phenomena needs to be
addressed.

The strength of our conclusions rests largely on a well-designed methodol-
ogy and replication of our findings. Although our results did not replicate the
findings reported by Jahn and his colleagues in norma subjects (Jahn et al.,
1987a, 1997), they support their claims that intentionality can alter the output of
a random event generator. Furthermore, our findings suggest that patients with
frontal lobe lesions may serve as a good model for future studies of the effects of
consciousness on random physical events.
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Abstract—Freedman et al. present research results, one portion of which they
claim to constitute a failed replication of the experimental work of Princeton
Engineering Anomalies Research (PEAR) on the effects of human intention-
ality on physical processes, and which they suggest shows no effect due
to improved experimental controls. It is shown here that the methodology
used and recommended by Freedman et al. in fact weakens the experimental
controls, rather than improving them. For al classes of potential artifactual
influences, their methodology either is no better controlled, or is more sus-
ceptible to contamination, than the methodology used at PEAR. Moreover,
their experimental design differs in important theoretica and operational
ways from that of PEAR, and therefore does not provide a replication study.
Furthermore, the statistical power of their experiment is far too smal to sustain
the claims they derive from it. Nevertheless, the intentiona effect size
generated by their norma subjects, which is the only part of their experiment
relevant to the PEAR work, is actudly larger than that seen at PEAR, <o that if
their experiment qudified as a replication, it should be considered to have
reproduced the claimed effect. In addition, their own replication of a significant
anomalous result by one of their brain-damaged subjects clearly strengthens the
argument for some correlation of the random event generator (REG) output
with the neurophysiological status of the operator. One curious omission from
their report is the lack of any quantitative index of the degree of brain damage
presented by their disadvantaged subjects that might be compared with their
respective experimental performances.

Part 1: Local Control vs. Differential Tests

The assertion is made by Freedman et al. (2003), referencing a clam by
Jeffers (in press), that the absence of immediately adjacent controls in Princeton

669



670 Y. H. Dobyns

Engineering Anomalies Research (PEAR) experimental sessions renders their
conclusions suspect. Freedman et al. go on to assert that a procedure that
immediately follows each active experimental session, in each intention, with
a control run of equal size, is superior, and to report the results of an experiment
conducted with this allegedly superior methodology.

In fact the methodology recommended and followed by Freedman et al.
can rigorously be proven inferior to the PEAR methodology, regardless of as-
sumptions concerning external confounding or artifactual contributions. That is

to say,

o the statistical power of the Freedman et al. method is uniformly less than
that of the PEAR method;

« for no modd of possible artifacts does the Freedman et al. method provide
superior control to the PEAR method; and

 for some models of possible artifacts, the Freedman et al. method provides
poorer control than the PEAR method.

1.1: Specification of Data Analysis and Reduction

Freedman et al. spell out their data collection method in considerable detail.
One sesson consists of ten blocks of 100 intentional trials, run with the experi-
mental subject present, usualy with the experimenter aso present, followed
by a 1000-trial block of control data with no one present in the experiment
room. Participation was spread across severd sessions, Freedman et al. state;
since they are explicit that 1000 trials in one intention (plus the subsequent
1000 controls) completed one session, it must follow that different intentions
were examined in different sessions, quite possibly with considerable time
lags between sessions. A pre-specified pattern of intentions was followed for
each subject, assuring that the total amount of data collected in each intention
would be balanced, provided that the total number of sessions was divisible by
three. (In fact, the numbers of trials per intention reported in their Table 4 makes
it clear that this was not achieved with al subjects.)

The PEAR tripolar protocol, in comparison, requires that a single session
collect a balanced dataset with equal numbers of high, low, and baseline trials.
(Exceptions to this occurred in a few early series, where the baseline was
regarded as a calibration condition rather than a third intention, and in the first
version of the instructed protocol, which randomly set the intention as high or
low without regard to numerical balance between the two. The quantitative
imbalances induced by these earlier techniques are minor on the scale of the full
database, and at no time did the protocol admit of a completely unipolar session
as apparently is the norm of the Freedman et al. methodology.)

The fundamental statistic used by Freedman et al. is a Student's t score
between the populations of intentional and control data. The fundamenta statistic
used by PEAR is a Z score between the observed mean and its theoretical value.
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1.2: Effect of Artifact

The PEAR protocol did not involve taking calibration data in close temporal
proximity to the active experiments, so Freedman ef al. express concern about
possible unknown confounding factors that could influence the output data
mean, rendering a Z score based on the theoretical distribution invalid.

Although Freedman et al. are concerned that control data should be collected
in close temporal proximity to the intentional data, their recommended meth-
odology involves a span of approximately thirty minutes between the start
of intentional data collection and the end of control data collection, with all
intentional data collected in the first part of the session and all control data
collected in the later part. It is rather obvious that this method of collecting
controls cannot protect from artifacts that vary on timescales comparable to the
session length. The consequences of artifacts with short-term variation will be
discussed in Part 2. The current analysis will be restricted to artifacts that remain
constant during an experimental session, since this is the only kind of artifact
for which, even in principle, the Freedman ef al. methodology might provide
superior control.

The fundamental measure of effect predefined in the PEAR REG experi-
ments, as always has been quoted in PEAR publications (Dobyns, 2000; Dunne
& Jahn, 1992; Jahn, 1982; Jahn & Dunne, 1987; Jahn etal., 1987, 1997; Nelson
et al., 2000) is the difference between the high-intention and low-intention
outputs. Furthermore, as noted above, the PEAR protocol requires that the
opposed intentions be run in close temporal proximity, as part of the same
experimental session.

Let us consider now the data collected under the two experimental protocols.
The Freedman ef al. technique prescribes that a population of #; intentional trials
be collected, which will have some observed mean value ra, and sample standard
deviation s;. Also collected are n. control trials with mean m, and standard
deviation s..

The ¢ score for the session is then

m, —m,
= — 1.1
NI (b

The Z score for a single intention in the PEAR protocol makes use of the
theoretical mean [ and standard deviation a of the data source, so that

z m"_"z\/:?,-m";”. (1.2)

SN

Some simplification may be achieved in Equations 1.1 and 1.2 by noting that the
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experimental design of Freedman et al. calls for n;, =n.= n, and that we are at
liberty to consider PEAR results with the same n as used in Freedman et al.
While the Student's t distribution is considerably different in theory from the Z
distribution, it converges on the Z distribution as the number of degrees of
freedom grows large. In the current instance no t score ever is considered that
has fewer than 1998 degrees of freedom; we therefore will regard both t and Z as
random variables that, under anull hypothesis, should have mean 0 and variance
1. We likewise shall ignore the difference in the higher distribution moments,
which grows vanishingly small for the cases of interest.

The following analysis aso shall treat the sample standard deviation s as
always taking on its expected value of a. The motivation for doing so is
simplicity, since we thereby avoid computing the moments of ratios of random
variables. Thejustification for doing so is that the error introduced is negligible.
The random variation in both m and s is quite small relative to their absolute
values. For m, where the magnitude is canceled by the subtraction of either
another sample or a theoretical expectation, this smallness is irrelevant; the
expectation after cancellation is zero, and no fluctuation is smal when compared
to zero. The s terms in Equation 1.1, on the other hand, are added rather than
subtracted, and the effect of random variations will remain a very smal
proportional correction to the t score. (Indeed, it is this random variation in the s
terms that drives the difference between the t and Z distributions, and as aready
noted this difference is negligible when thousands of degrees of freedom are
involved.) If we apply the simplifications n, = n. =n (exact) and s;, —s.= ©
(approximate but with negligible error), we obtain the modified formula for
theoretical consideration of ¢

"y —m, nm; —m,

262 /n “V2 o

=

(1.3)

Let us now consider a given measurement of the output mean m. We will use A
to label any artifactual mean shift that may be present. The symbol e will denote
the real effect (e = 0 under the null hypothesis), and all random variation will be
collected into a noise term v. With these definitions we may write:

mf=P+E+A+\«','; m{-=].l+A+\-’(-. (14)

The noise terms are subscripted since they will vary between any pair of
measurements. Any noise term is, by hypothesis, a random variable with
expectation 0 and variance o*/n. The remaining terms on the right sides of
Equation 14 are constants, not random variables, although both ¢ and A are
unknown and possibly 0. Inserting Equation 14 into Equations 13 and 12
yields:
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e+ A+ ne+ Vv — Vv,
Z= {=\[§T‘ (19

It is tedious but straightforward to calculate the moments of these test statistics Z
and t considered as random variables, i.e.,

@ = vists,

n 2
(Zz)=§(e+A) +1,

o= (@) - (@ = e+ AV o 1 - (i

0 =\f35,

2
() =35+ 1,

= -0 =1 (1.6)

Note that for a single intention in isolation, the Z score is confounded by A
exactly aswe would expect. Aswas noted above, however, the standard used in the
published PEAR database for an existence claim is a differentia shift between
oppositely directed intentions. Therefore, the statistic of interest for PEAR datais:

Z. - Z
A (1.7)

where Z, and Z are Z scores from oppositely directed intentional runs in which
the effect sizes are by hypothesis e and —e, respectively. The normalizing de-
nominator v/2 follows from the fact that each individua Z, per Equation 16,
has variance 1. The analogous formula for the Freedman et al. analysis is:

Zy=

=I+—!_

Iq \/i . (18)

By construction, Z; and ¢, have variance 1. Their expectation values are:

_(nz\_ /B
{Zd)_< 7 >_0\/§[E+A_(_6+A)]_ s

The artifactual confound A thus is completely canceled out in the statistic
PEAR uses to validate existence claims. The Freedman et al. statistic displays no
superiority in this regard. Moreover, the expected va ue of the corresponding test




674 Y. H. Dobyns

statistic, for a given effect size, is smaller by a factor of v/2 for the Freedman
et al. method than for the PEAR method. The Freedman et al. method thus suf-
fers from a loss of statistical power. Given aread effect of the same scale, the
same amount of intentional data in both methodologies will produce a fina test
statistic only 1/4/2 times as large in the Freedman et al. methodology. To put
it another way, the Freedman et al. technique must collect twice as much
intentional data to have the same probability of B error.

1.3: Conclusionsfrom Part 1

For artifacts of the class for which the Freedman et al. methodology is alleged
to have superior controls, it is in fact no better controlled than the PEAR dtatistic
used for evaluating existence claims. In addition, the Freedman et al. statistic
suffers a needless loss of v/2 in its statistical resolution, leading to a halving of
effective statistical power.

Part 2: General Artifact Model

The methodological issue raised by Freedman et al. is that calibration data
taken at considerable time separation from the experimental data may not be
adequate to control for artifacts. This presupposes that a hypothetical artifactual
influence may change with time, since any constant artifact would appear in
calibrations and would be detected, regardless of when the calibrations were run.
Therefore, to make a general assessment of the potential effects of artifacts
driven by unidentified environmental influences, we must consider a time-
varying artifact.

2.1: Derivation of Artifact Vulnerability Formula

As in the previous analysis, we will be interested only in artifactual shifts of
the mean of the output distribution. Although externa influences might alter
higher moments of the distribution as well, these have a negligible effect on the
output statistics, for the reasons given in Part 1. Let us consider, therefore, the
effects of a phenomenon that influences the mean of the REG output in some
arbitrary time-varying fashion, say A(t). Any such function, regardless of the
complexity of its structure, can be decomposed into sinusoidal oscillations at
different frequencies:

Alf) = fo ; dwai{w) cos[ax + d{w)], (2.2)

where the amplitudes a and phase shifts ¢ both depend on the frequency w. This
is by no means the only possible representation of such a decomposition; for
example, one might instead include both sine and cosine functions, in which
case one could dispense with the frequency-dependent phase shifts ¢. The
notation of Equation 2.1 is chosen for convenience in the subsequent discussion.
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The advantage of this decomposition is that, rather than attempt to consider an
arbitrary undefined artifact A(t), we may restrict our analysis to a single artifact
of the form cos(wr + (). Since any arbitrary time-dependent artifact can be
resolved into such components, examining the effect of such single-frequency
contributions, as a function of frequency, will alow us to gauge the relative
vulnerability of different control procedures to general artifacts. Note that we do
not include the amplitude in this analysis. This means that any figures that we
obtain will be ratios, expressing the fraction of the original artifact amplitude
that appears in the final analyses.

For both the PEAR and the Freedman et al. methodologies, claims are based
on a difference between two datasets collected at different times. The Freedman
et al. method compares an active intentional period with an immediately sub-
sequent control; the active period itsalf is broken up into short runs with brief
intervals between them. The PEAR method compares oppositely directed
intentional intervals generated at different times within the same experimental
session. Depending on the specific protocol of a PEAR experiment, the data
for each intention might be collected in a single long block or in severa short
blocks within the session; the assignment of intention within the session might
be either random or chosen by the operator.

Part 1 demonstrates that both methods completely cancel any time-
independent artifact. For the general problem of time-varying artifacts, we
must evaluate the difference between the average value of the artifact in two
distinct sets of time intervals. The first step is to consider the mean value of the
artifact during a single interval, say fromt=atot= b:

- f:’ cos{mt + d)dt  sin(wb + &) — sin(wa + ¢)
B b—a B o(b — a) ’

The dependence on the interval boundaries may be separated from the
dependence on ¢ by using the identity sin(x +Y) = sin(x) cos(y) + cos(x) sin(y):

e

2.2)

- [sin{wh) — sin{wa) cos(wh) — cos(ma)

A= o6 —a) ] cos{d) + [ o —a) sin(¢). (2.3)

Next, let us consider the average of the artifact during several nonoverlapping
intervals, the firs from a; to b\, the second from a, to b,, and so forth. The
average is clearly the integral of the artifact over al intervals, divided by the
total length of al intervals:

jfl‘ cos(®f + §)dr + jf; cos{or + ¢)dt + - -+

4= (b]“ﬂ|)+(b2—az)+"'

(2.4)

Let us presume that there are n intervals, indexed by i. Integrating and collecting
terms in ¢ as in Equation 2.3 leads to the form:
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- {Thisnlon) —snteall

mezi(b:' - a,-)
Yor[cos(wb;) — cos{wa;)]] .
’ { o) (b —a) } sin ¢. (2.5)

We are concerned with the difference in the artifactual mean between two sets
of measurements. Let us assume that there are m measurements in the second
set, and use o; and B; to denote their start and end times. (The index i is always
bound to a summation, so its repeated use causes no problems here.) The mean
value of the artifact in the second set of measurements obviously has the same
form as Equation 2.5, with the substitution of m for n and a, B for a, b. The
difference between the two expressions is then:

D :{ i [sin{wb) — sin{wa)] 30, [sin{eB;) ~ sin(ma,—)]} cos b

oy i (b —a) oy ." (B — o)
" loos(wb;) — cos(wa)] S [cos(@B,) — cos(wa)]) .
+{ @3, (b — a7 oS (B; — o) }“’
(2.6)

Equation 2.6 applies equally to both the PEAR and the Freedman et al. analysis
methods; the two differ only in the details of how a, b, a, and B are determined,
and in the numbers # and m of each type of interval. Note that as co — 0, each
individual term vanishes, and so V' — 0. Thus the result of Part 1, for constant
artifacts, is confirmed. Also note a common factor 1/® in all terms, so that as
co = o, V'— 0. Thus the effect of an artifact vanishes in the limit of both very
slow and very fast variation, so that the domain of interest can only be that of
intermediate frequencies such that the period of variation is roughly comparable
to the session length.

Equation 2.6 explicitly depends on the unknown phase (J); in terms of this
variable, we may note that:

D =Xcosd+ Fsind, (2.7)
where:
Y= i [sin{wb;) — sin(wa)] 320 [sin(wf;) — sin(we)]
w3, b —a) o3 (B —w) ’ (2.8)
y o Shjfeos(@b) — cos(a)]) ST cos(oB) —cosfors))
w)o (b —a) o), B-w

There are two ways of dealing with the unknown phase factor ¢. First, we may
make a worst-case analysis: find the maximum possible value of V for any ¢,
which will occur if the artifactual contribution is at the most unfortunate part of
its cycle at the start of the experiment. (Recall that we still are considering only
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one frequency component of the artifactual contribution and later will expand
the analysis to incorporate al frequencies.) Using the form of Equation 2.7, we
easily can find 0D/0¢.Setting this to zero shows that the extrema of Equation
2.7 occur when tan ¢ = Y/X. Employing the standard identities, sin(tan 'x) =
x/Vx2+ 1 and cos(tan”'x) = 1/+/x2+ 1, and evaluating Equation 2.7 leads to
the result:

Dyar = VXL F 12 (2.9)

Equation 2.9 gives the largest possible artifactual contribution for a given
configuration of experimental intervals and a given time scale for variation of
the artifact. An aternative to this worst-case approach is to consider the aver-
age impact of the artifact over al possible values of ¢. Since D is a sum of
sinusoidal functions of ¢, its mean value over afull cycleof ¢  vanishes. Thisis
what we expect, of course, since a randomly chosen phase for a variable artifact
isjust as likely to shift the two datasets being compared in either direction, and
the average shift over all possible phases must be zero. This does not mean,
however, that the average effect of an artifact can be ignored. A commonly used
estimate of the scale of a random variable with zero mean is the root mean
square value: that is, the square root of the mean of the squared value. (The
standard deviation of a distribution is the RMS value of the difference of
individual samples from the mean.) The RMS value of V is:

\/('Dz) = \/(X2 cos? g + 2XY cos g sin ¢ + ¥2 sin” )

n
- \/ﬁ f (X2 cos? & + 2XY cos psin b + Y sin’¢)dd
1]

= ‘Jlxz +1y2 =L,/Xz ¥ ¥2
2 2 2

1
ﬁ'Dmar‘ (210)
Evidently the quantity \/X24- Y* is crucial, whether we wish to examine the
worst-case vulnerability or the typical scale of artifactual contribution.

The form of Equation 2.8 suggests that X* + Y? evaluates to a rather
cumbersome expression. To facilitate the calculation, we may first employ
symbolic abbreviations for the two denominators. D, =/ (b;—a;) and
Dy —o Y (B, — o). Bresking up the summations so that each sum covers
only a single term,

Soie Sin{eb;) -~ 3o sin(wa;)
D, D,

D Sin(B) 37, sin(wo)
- D, + D, '

X =

(2.12)
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As with Equation 2.8, Y may be obtained from X by replacing al sines with
COSines.

When the product X is formed, the products of the terms produce double
sums over products of sine functions. For each such summation, the product Y2
produces a double sum over exactly the same indices and arguments, but with
cosines replacing sines. Collecting the corresponding summations, one finds that
each is a sum over terms of the form sin 9 sin cb + cos 6 cos ¢, which is equa to
cos(0 — ¢) by a standard trignometric identity. We thus find:

?= Z{’:l cos[o{b; — b;)] ?:I Z;:l coso(a; — a;)]
X4y = == D.D, * D.D,
+ 1 2ot cosla(B; - B))] _'_Zflu 2 cosfo{oy — o]
DD, D,D,,

LI T coslob —a)]_ Th S coslolbi— §)

D,D, D,D,,
PR Z}L cos[o{b; — o)) Dot 2 COS[e(a; — B;)]

2 D,D,, 2 b,D.

_ ZZL >y cosla{a; — ay)] ZEL >, cosfa(B; — o)
D.D, - DD, '

(2.12)

This rather elaborate sum can be rendered conceptually simpler if we note
that, aside from the weight factors, it is smply a sum over cosines of all possible
phase differences between the state of the artifactual contribution's cycle at each
of the starting and ending points of a data-collection segment.

2.2: Application of Artifact Vulnerability Formula

To evaluate the worst-case vulnerability for the two protocols, the square root
of Equation 2.12 must be calculated for values of a, b, o, and B as determined by
the protocol and for a wide range of o values. From the protocol description
provided by Freedman et al., we constructed an estimated pattern of a and b
values for the 10 active segments, based on an assumption of an average 30-
second inactive period between runs during which the experimenter conducted
the brief interview described. In contrast to Freedman et ai, the PEAR protocol
involves several different run lengths; additionally, the intention of the next run
is sometimes decided by the operator, sometimes set by an external random or
pseudo-random process. To dedl with the effect of this variety of protocols, we
calculated vulnerability functions for each mgor protocol used in the PEAR
database and computed their mean.

Figure 1 illustrates the results of this comparison for both methods. The
plotted curves show the vulnerability as afunction of the period of the artifactual
influence, as that period ranges from 1 minute to 120 minutes. (The period T is
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Fig. 1. Worst-case artifact vulnerability,

a somewhat more intuitive measure than the angular frequency ; the two are
related by co=2nIT.) For longer periods, we note that 120 minutes is more than
twice the length of either protocol, and we would expect the sensitivity to be
declining as co —» 0, as indeed is suggested by both of the plotted curves.

Figure 1 clearly demonstrates that the Freedman et al. protocol, commended
by them as giving superior protection against artifacts in the random noise
source, is in fact more vulnerable to artifacts than the PEAR protocol over
a broad range of artifact frequencies. Only for the fastest-varying artifacts do the
protocols become comparable in their degree of vulnerability.

The vertical normalization of Figure 1 is the amplitude of the artifactua
influence. Its limit is 2, not 1, because the theoretical limiting case occurs when
the artifact is at a maximum (4+A) during the active run and a minimum (—A)
during the contral run.

2.3: Peripheral Issues

The high-frequency artifacts examined in Figure 1, athough included for
completeness, should not be taken serioudy as a meaningful possibility. Such
short-term variations would be visible in calibration data; in fact, the calibration
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data show no evidence of such short-term trends, beyond the random variation
expected of the source.

One might object that the calibrations are not run in close temporal proximity
to the active sessions, and that rapidly varying artifacts might be present only
during experimental sessions. This may be disposed of by considering the logi-
caly possible cases. If a class of artifact appears preferentialy during exper-
imental sessions, either it must be due to the experimental procedure itself or
it must be the result of an environmental influence that preferentially appears
during experiments. Since experiments are not preferentially run in particular
seasons, under particular weather conditions, etc., it is difficult to identify any
tempora variable that characterizes experimental sessions save one: they are
generdly run during or shortly after the normal workday, rather than at night.
Enough calibrations have been run during the day, however, to exclude the
possibility of a diurnally appearing artifact.

The other possibility, of an artifact driven by the experimental session itself,
can be identified most credibly with some undetermined effect of physical
presence of the operator (at PEAR) or the subject and perhaps the experimenter
as wdl (in Freedman et al.) in the experiment room. In this area it is clear that
PEAR's data are better controlled in principle, since Freedman et al. have the
human participants exit the room before starting the collection of control data; in
contrast, PEAR's tripolar protocol not only entails the comparison of high-
intention and low-intention data collected in the same session with the operator
present, but also permits comparisons with baseline data, which also are run with
the operator present.

Finally, one might protest that the formaliism culminating in Equation 2.12
above makes an unfair comparison, in that it compares the artifact vulnerability
of a single intention in the Freedman et al. protocol (with its adjacent control)
againgt the differentia effect between oppositely directed intentions measured
in a PEAR session. This, however, is an erroneous objection. The fact that the
Freedman et al. protocol alows intentions to be split between different sessions
means that forming a differentia test between intentions fails to increase the
protection against artifacts. The medium-term artifacts to which the Freedman
et al. protocol is most vulnerable (cf. Figure 1) may appear with completely
different phases in sessions run on different days, or with rest breaks of
unspecified length between sessions. The worst-case analysis must take into
account the fact that artifacts may appear independently in each session of the
Freedman et al. protocol, and are just as likely to reinforce as to cancel in
a differential comparison between intentions.

2.4: Conclusionsfrom Part 2

When time-varying artifacts are considered systematically, we see that the
PEAR protocol is in no case more vulnerable to artifactual influences than the
Freedman et al. protocol, and in most cases is considerably less so. The protocol
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recommended by Freedman et al. out of their concern for unspecified environ-
menta influences on the random source is in fact more vulnerable to such
influences than the original PEAR protocols.

Part 3: Other Issues

Parts 1 and 2 of this discussion have focused on the issue of the different
control methodologies employed by Freedman et al. and at PEAR. This one
issue appeared to merit such extensive discussion, since it is the center of
a methodological criticism of PEAR and has been the topic of an independent
article submitted by one of the coauthors (Jeffers, in press). Aside from this
theoretical issue, there are some other practical problems with certain inter-
pretations made by the Freedman et al. work.

3.1: Replication
Following are two direct quotes from the Discussion section of Freedman et al.:

* "We examined the clams from the PEAR program that an individual's
intention can influence the statistical distribution of random physical
phenomena.”

» "Although our results did not replicate the findings reported by Jahn and
his colleagues in normal subjects (Jahn et al., 1987, 1997), they support
their claims that intentionality can alter the output of a random event
generator."

It seems clear that Freedman et al. believe their experiments with their control
subjects to be, at least in part, areplication of the PEAR REG work, and one that
failed to replicate the results. They do note that they find statistically signifi-
cant and replicable evidence of intentional effects for one of their frontal-lobe
subjects, which is an intriguing result; however, it addresses the issue of repli-
cation only obliquely, since PEAR's results were produced by operators of nor-
mal brain physiology. The results on frontal-lobe subjects represent an extension
of PEAR's work and provide valuable new information on the phenomenol-
ogy of intentional effects.

3.2: Methodological Differences

Even with their norma subjects, Freedman et al. employed a research
protocol considerably at variance with that used at PEAR, quite aside from the
issue of experimental controls addressed in Parts 1 and 2. A magjority of the
normal subjects were research geaff, and by inspection of Table 4 in Freedman
et al., this mgjority also was responsible for alarge mgjority of the data; neither
of these is the case in PEAR's operator population. The non-staff subjects of
Freedman et al., in an even greater departure from PEAR procedures, were
accompanied by an examiner in much the same way as the frontal-lobe patients.
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Although we can understand the usefulness of maintaining the same
experimental procedure, in considering the normals as controls for the frontal-
lobe patients, the presence of a second person in the room during the data
collection raises a serious question regarding who is actually the subject in these
experiments. PEAR's experimental program finds substantial differences
between the performance of individual operators and the joint performance of
two or more simultaneous participants (Dunne, 1991).

Even if we grant that the experimenter can avoid participating in the
experiment itself, we must still consider the psychological effect of the social
dynamic established between the experimenter and the subject. Freedman et al.
give a description that clearly establishes the examiner as an authority figure
who instructs the subject and controls the experimental operations. Furthermore,
the instructions given to subjects, quoted in Freedman et al., display a general
tenor of skepticism and hogtility to the phenomenon. "There are some people
who believe that ...," "We would like to see if there is a possibility ...," "I
want you to try ... as much as possible."

PEAR has presumed from the outset that a relaxed and supportive
atmosphere, in which no air of the bizarre or outre attaches to consciousness-
related effects, is psychologically important to the operators ability to induce
those effects. The experimenter who, however graciously, would like to see if
there is a possibility that a phenomenon in which some people believe actually
occurs is setting a very different attitudinal context for the experimental subject.
If this politely incredulous approach in fact describes the opinions of the
experimenters, the unaccompanied, research-staff subjects probably will be ap-
proaching the task with a similar psychological barrier against anomalies.

3.3: Inadequate Satistical Power

As noted above, the only portion of the Freedman et al. database directly
relevant to PEAR's empirical claims is the subset generated by normal subjects.
This statistical universe comprises six individuals and, as shown in Table 4 of
Freedman et al., atotal of 94,000 intentiona trials (plus an equal number of non-
intentional controls, plus approximately half that number of baselines and
baseline-controls that are irrelevant to the evaluation of an intentional mean-
shift). The analogous database from PEAR, namely that subset of REG trials run
locally with the operator on-site, comprises over 16 million intentional trials
from 91 operators (Jahn et al., 1997). Simple comparison of the numbers might
lead one to suspect a potential problem with statistical power.

Such a suspicion would be entirely justified. The comparison database from
PEAR attains a total Z score of 3.809 for the high-minus-low intentional
comparison. If exactly the same effect size were to manifest in a population of
only 94,000 trials, the expected Z score would be only 0.901. But, to make
matters worse, as was pointed out in Part 1, the local-control comparison pro-
cedure of Freedman et al. reduces the statistical power of the test by a factor
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of v/2. The real prediction, then, if the normal subjects produced exactly the
same intentional effect as PEAR's operators, would be for a composite score
for all normal subjects pooled of only 0.638, with so many degrees of freedom
that the ¢ and Z distributions are effectively indistinguishable. It is straightfor-
ward to calculate that the chance of Type Il error (mistakenly failing to reject
the null hypothesis, when it is in fact false) is 0.843. Let us emphasize the point:
if we postulate that the effects seen at PEAR are real, and are in fact present to
exactly the same extent in the Freedman et al. study despite the methodological
differences, we would expect Freedman et al. to fail to attain statistical signifi-
cance 84.3% of the time because their database is so small.

In fact, the statistical power situation is even worse than that, due to the way
in which Freedman et al. choose to employ Bonferroni corrections. The Type 11
error rate calculated above is that for a one-tailed 5% significance criterion,
applied to the differential test of intentional effect, for the pooled normal
subjects only. In contrast, the discussion in Freedman ef al. pursuant to their
Table 3 makes it clear that they examine each intention independently, without
regard to direction of intention (thus requiring two-tailed p-values), and apply
a Bonferroni correction for the number of datasets examined (five) and the
number of intentions (three). Let us recall that the frontal-lobe subjects represent
an extrapolative test of a new hypothesis, for which the PEAR database makes
no prediction whatever. In the normal subjects, the effect seen at PEAR would
predict  — 0.451 in each intention separately. The Bonferroni correction requires
p =0.003, two-tailed, for any single test to be reckoned significant. From this it
can be calculated that the probability of Type Il error on either the right or the
left intention is 0.994, and the probability that both will jointly fail to detect
a real effect is just the square of this: B = 0.988. The test applied by Freedman
et al. to the data presented in Table 3 is 95.8% likely to overlook a real effect in
normal subjects of the magnitude seen at PEAR. The fact that one result in their
Table 3 actually manages to achieve statistical significance despite this stringent
criterion may be intriguing in its own right, but since it derives from the per-
formance of the frontal-lobe patients, it is irrelevant to the validity of PEAR's
findings.

The actual statistic for the intentional performance of all normal subjects,
pooled, can be extracted from Table 3 of Freedman ef al. quite directly. For the
pooled normals, they report t — — 0.8538 with 95998 df in the right intention, and
t= 1.1474 with 91998 dfin the left intention. The sign convention of Freedman
et al. is such that both of these results are in the direction of intention; that is,
the right intention is to the right of (numerically larger than) the controls, and the
left intention is to the left of (numerically smaller than) the controls. Neglecting
the difference (a matter of a few percent) between the amount of data in the two
intentions, we may calculate the differential-effect statistic z; (Equation 1.8) as #;
= (0.8538 + 1.1474)/v/2 = 1.415. Taking the different amounts of data into
account corrects this to 1.413. Recall that the predicted ¢, for an effect identical
to PEAR's appearing in a database of this size is only 0.638; the Freedman et al.
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experiment is actually seeing an intentional effect more than twice as large as
that seen at PEAR! Granted, this fails to achieve statistical significance due to
the small size of the database, and moreover is of questionable validity as
a replication due to the protocol differences noted in section 3.2 above. It
nevertheless is intriguing to note that if one were to stipulate the validity of the
Freedman et al. protocol, their normal-subjects database would be interpreted by
reasonable analysts as a promising first stage in a successful replication. Indeed,
from a hypothesis-testing viewpoint it is a successful replication: Bayesian
evaluation of the Freedman et al. data produces a factor of 2.01 in favor of the
PEAR alternative over the null hypothesis. That is to say, the Freedman et al.
result, despite its lack of significance, approximately doubles the posterior
probability that the PEAR result is a real effect.

3.4: Implications of Data from Brain-Damaged Patients

As noted above, the data from normal subjects are the only part of the
database relevant to a replication of PEAR's work. However, there remains
aresult of considerable interest and value in their work with their brain-damaged
subjects, namely the replicated anomalous performance of one of these.
Although the total amount of data accumulated from these subjects is mod-
edt, leading to statistical power concerns similar to those detailed above for
the normal subjects, this particular one nevertheless achieved results that were
significant after Bonferroni correction, and replicated those results in a repeat
study undertaken after the initial analysis.

Given the low datistical power of the experiment, this result suggests an
anomalous effect substantially larger than that seen in PEAR's experiments
with normal operators. Although the Freedman et al. subject population is far
too small to sustain any theoretical generalizations, these results would seem
to encourage more extensive empirical studies of this sort. In this context, it is
curious that Freedman et al. provide us with no quantitative index of the degree
of frontal lobe damage that characterizes each of their subjects. A correlation of
such a measure with the degree of apparent anomalous performance, even if the
latter is not independently significant for an individual, might provide far more
useful insights into the nature of the phenomenon. It is to be hoped that such
a quantitative indicator will accompany their future studies.

3.5: Conclusionsfrom Part 3

It is both inappropriate and incorrect for Freedman et al. to assert, as they do
in their discussion section, that their experiment fails to replicate PEAR's
findings on normal subjects. Their methodology differs from that used at PEAR
in ways that seem likely to affect the outcome. The statistical power of the
Freedman et al. database from normal subjects is far too small to constitute
a valid test of the PEAR claim, with the probability of Type Il error standing
at an astounding B = 0.988. Despite their assertion of failed replication, the
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Freedman et al. database on normals not only is consistent with PEAR's results
but in fact contains a larger intentional effect than that observed a PEAR.
Finaly, while their significant results with brain-damaged subjects are
promising, much better use could be made of those REG data if they were
accompanied by a quantitative index of the degree as well as the class of
damage.
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