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Abstract 

Six experiments were conducted using a single-photon double-slit apparatus to test von 
Neumann's notion that the quantum wavefunction is “collapsed” by what he called a 
psychophysical interaction. Individuals were asked to direct their attention toward or away from 
the optical system while receiving information about the number of photons arriving per second 
at an interference fringe minimum. Overall the experiments found evidence supportive of  an 
interaction that appears to “steer” the wavefunction to either reduce or to sharpen interference 
fringes. This outcome informs efforts to unify subjective and objective modes of apprehending 
the world because it suggests that these two apparently different ways of knowing may be 
complementary aspects of a unitary phenomenon, analogous to how a Möbius strip appears to 
have two sides, but when examined is found to have only one. The correlations observed in our 
experiments can be interpreted in two main ways: as a form of mind-matter interaction, which 
implies a dualistic model, or as arising from a common source, which implies a monist model. We 
propose that a monist model is a more satisfying explanation. 
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Introduction  

         The quantum measurement problem 
(QMP) refers to the fact that quantum 
objects behave differently when they are 
observed than when they are not observed. 
Interpretation of this effect is considered a 
problem because, among other reasons, it 
violates the classical assumption of realism 
ï the idea that the physical world is 
completely independent of observation. 
However, the meaning of observation  in 
measurement is not entirely clear. As a 
result, a wide range of interpretations of 
the QMP have been proposed. Some 
interpretations are purely physical,    such 
as decoherence due to interactions with 
the environment.  
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Others are purely mental, e.g. via 

consciousness ñcollapsingò quantum wave-
like potentials into classical particle-like 
realities (von Neumann, 1955; Stapp, 
2007). We will refer to the latter idea as a 
consciousness-collapse hypothesis, or 
CCH.To test the CCH, we conducted a 
series of experiments where changes in 
double-slit interference patterns were 
examined while people were asked to 
direct their attention toward vs. away from 
a (non-visible) double-slit  located inside a 
sealed optical system. If the mind acts akin 
to a weak physical detector, then during 
attention -toward periods the interference 
pattern should show more particle -like 
behavior than during attention -away 
periods. 
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In 2012, we reported six experiments 
testing this idea. Data were contributed by 
137 people in 250 test sessions.3 In those 
studies we found that the magnitude of 
double-slit spectral power (a measure of 
the amount of wavefunction interference) 
decreased during mental attention -toward 
condition s as compared to mental 
attention -away conditions. The overall 
statistical outcome was associated with a 
4.4 sigma deviation above a null effect (z = 
-4.36, p = 0.000006 ). Another 250 
sessions conducted without observers 
present, run as controls to test the 
hardware, software, and analytical 
procedures for potential artifacts, 
produced a null deviation of 0.43 sigma (z 
= 0.43, p = 0.67).  Environment al factors 
such as temperature, vibration, and signal 
drift were examined in these studies and 
no influences were found that might have 
caused spurious results. By contrast, 
factors associated with the mind, such as 
reported meditation experience, correlated 
significantly with perturbations in the 
double-slit interference pattern.  
         In three new studies published in 
2013, we successfully replicated the earlier 
findings using a new analytical approach, a 
second double-slit system, and an 
Internet -based online version of the same 
experiment (Radin, 2013). In 2015, we 
reported another replication and extension 
of the online experiment, again with 
positive results. An independent analysis 
of a portion of the data confirm ed our 
findings  (Baer, 2015).  

         This line of research suggested that 
the CCH interpretation of the QMP has 
some merit, however all of those 
experiments used continuous beam lasers 
with power outputs of 5 to 10 milli Watts. 

The illumination intensity was 
attenuated through neutral density filters, 
but the optical systems were still 
permeated with hundreds of trillions of 
photons per second, thus the results we 
observed could, in principle, have been 
interpreted in terms of statistical  
mechanics rather than quantum 
mechanics. As a result, to explore 
psychophysical interactions with 
individual quanta we initiated a series of 
experiments using a single-photon double-
slit apparatus. 
          In th ese experiments, each photon 
arriving at an interference pattern 
minimum ( i.e., a fringe ñtroughò as 
opposed to a ñpeakò) was counted while 
test participants were asked to concentrate 
their attention on the double -slit, or to 
relax and withdraw their attention (Figure 
1). Based on this design we predicted that 
during the concentration ph ase the count 
rates at the troughs should increase as 
compared to the count rates during the 
relax phase. That is, if observation in fact 
reduces wave-like interference, then the 
destructive interference that prevented 
photons from arising at a trough shou ld 
dissipate, and that in turn should allow 
more photons to arrive.  

  

                    
 

Figure 1. A photomultiplier counts photons at a fringe minimum to test psychophysical interaction 

hypotheses. 
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         We note that the CCH may be 
conceived of as a passive observational 
effect. I.e., it involves an interaction 
between the mind and the optical system 
in such a way that information is extracted 
from that system without otherwise 
perturbing it , which ï following von 
Neumannôs proposal ï subtly shift s the 
photons to behave in a more particle -like 
fashion. 
         But there is another possibility  which 
presented itself as we observed the results 
of this series of experiments. 
Psychophysical interaction s may also act 
as a kind of ñsteeringò influence that 
causes the behavior of a system to conform 
to the goal of the interaction . This concept 
is supported by a half-century of 
psychophysical interaction studies 
involving random number generators 
(RNG). Those studies indicate that 
intention and attention appear to influence 
random systems by, in effect, tweaking the 
Born Rule and altering the probabilities of 
individual quantum events so as to 
conform to the observerôs intended goal 
(Houtkooper, 2002 ).  
        Thus two hypotheses can be tested 
with a single-photon double-slit system. 
The first,  the von Neumann-inspired  CCH, 
predicts that the interference pattern will 
collapse due to any form of observation 
that extracts information from the system . 
Such observation would lead to a rise in 
photon counts at a fringe minimum. The  

second hypothesis, which we will call the 
consciousness-influence hypothesis or 
CIH, predicts that the interference pattern 
will shift in accordance with the context of 
the interaction , as operationally defined by 
the feedback provided in the experiment. 
The CCH hypothesis is directional ( decline 
in interference), so one-tailed statistics 
could be employed. The CIH hypothesis is 
not directional (deviation s in 
interference) , thus two-tailed statistics are 
employed throughout  this paper.  

 

1 - Apparatus  

         To help simplify independent 
replications of the present experiments, we 
adapted a commercially available single-
photon double-slit optical system for use 
in these studies (TeachSpin, Buffalo, New 
York). The device uses a small, dimly lit  
incandescent bulb to generate photons. 
These pass through a filter and then the 
remaining photons pass through a single 
slit to produce a collimated beam inside an 
optically sealed tube (see Figures 2-4). The 
collimated photons then pass through a 
double slit. To detect illumination 
variations in the resulting interference 
pattern, a single slit on a moveable stage is 
positioned in front of a photomultiplier 
tube (PMT). A discriminator circuit on the 
output of the PMT separates background 
noise from pulses produced by detection of 
photons, and that output is in turn 
counted by a digital circuit.  

            
 

                 Figure 2. Schematic of single-photon double-slit system. 

photon 

counter 
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Figure 3. Double-slit apparatus with digital counter. 

 
        Under typical levels of illumination, 
about 1,000 photons per second are 
detected by the PMT at an interference 
maximum, or about one photon per 
millisecond. When the single and double-
slit slides are removed from the apparatus 
the count rate increases to about a million 
photons per second, or one per 
microsecond. Considering that the time-
in-flight of any one photon in the 1 meter 
long apparatus is on the order of 3 
nanoseconds or 0.003 microseconds, at 

any given time approximately one photon 
is likely to be in the apparatus. That is, 
approximately 99.7% of the time there are 
no photons in the device, and 0.3% of the 
time there is one photon. Because photons 
are independently generated by the bulb, 
the probability that there will be two or 
more photons in f light at any given time is 
less than 0.001%, and thus for the vast 
majority of the time individual photons are 
used to generate a double-slit interference 
pattern . 

          

 

 
         Figure 4. Implementation of the single photon double slit system in the IONS laboratory. 
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2 - Experiments  

2.1 - Calibration  

         Our first step was to confirm that the 
apparatus was operating properly. To do 
this we collected approximately 15,000 
samples, where each sample was the 
number of photons counted per second by  

the PMT (see Figure 5). The sample 
distribution and autocorrelation were 
examined (Figures 6 and 7), and as 
expected a Poisson distribution was 
observed with no significant 
autocorrelations , indicating that the 
samples were independent events. 

 

              
                    Figure 5. Photon counts recorded once per second for 15,000 seconds, at a fringe minimum. 

The y-axis is mean-difference counts; the x-axis is seconds. 

 

                                   
 

                    Figure 6. Autocorrelation of photon count samples, lagged ±50 at one sample per second, at 

a fringe minimum.  Autocorrelation at lag 0 is self-correlation and consequentially always 

equal to 1. 
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               Figure 7. Distribution of 15,000 samples of photon counts/second shown in Figure 5. The 

expected and observed distribution was a near-Gaussian Poisson. The y-axis is bin count; the 

x-axis is mean difference in counts. 

 
 
         Next we checked to see if moving the 
single-slit in front of the PMT  would trace 

out the expected double-slit interference 
pattern . It did, as shown in Figure 8.  
 

                  
 

                    Figure 8. Double-slit interference pattern formed by counting the number of individual 

photons landing at different points along the x-axis.  The “One slit open” mean and error bar 

indicates the output of the PMT at a fringe minimum (at 5.25 mm on the x-axis) when one of 

the two slits was open and the other was blocked, thereby producing a diffraction pattern 

rather than an  interference pattern.  The “dark count” of 2.91 photons per second refers to 

the average photon count after turning the bulb illumination level down to zero. 
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2.2 - Protocol 

          The test protocol employed in all six 
experiments was similar: A computer 
continuously monitored the number of 
photons counted per second. When a 
participant felt ready to mentally intervene 
with the system, he or she pressed a 
button , whereupon the computer played a 
recording that spoke the phrase, ñget 
ready.ò This provided a 5-second warning 
to alert the participant to prepare to direct  

their mind toward the optical syst em (see 
Figure 9). Five seconds later the voice 
spoke the phrase, ñnow concentrate,ò 
instructing the participant to direct their 
attention toward the optical apparatus. 
Twenty seconds later, the computer spoke, 
ñnow relax,ò indicat ing that attention 
should be withdraw n. This sequence of 
relax, wait and concentrate epochs 
constituted a single trial, and one test 
session consisted of 30 such trials, each 
initiated at will . 

 
Figure 9. Volitional protocol design. 

         During the concentrate epochs the 
photon count rates per second were linked 
to the volume of a richly harmonic ñomò 
sound. When the count rates increased, 
the volume of the ñomò increased, and vice 
versa. To prevent the volume from 
changing abruptly each second, variations 
in the volume were based on the count rate 
averaged over a 3 second sliding window. 
This feedback provided the context 
connecting the participant to the optical 
systemôs interference minimum . 
Participant s were allowed to try to 
mentally gain which-path information  
using imagery, or attempting to ñbe one 
withò the optical apparatus, but the task 
was more simply explained and 
understood as mentally ñwillingò the 
volume to increase during the concentrate 
periods. During relax epochs the droning 
tone was set to a uniform low volume.   
 

2.3 - Experiment I: Initial Test  

         The first experiment consisted of a 
series of 25 sessions contributed by 16 
people. Each participant listened to the 
feedback droning tone over headphones 
and sat quietly approximately 1 meter from 
the optical system. They could also view a 

graph on a computer monitor that 
displayed the on-going photon count rate 
collected during the concentrate periods. 
Each concentrate and relax epoch lasted 
for 20 seconds with an inter -trial period of 
at least 5 seconds (i.e., the participant had 
to wait at least 5 seconds before starting 
the next trial).  Pilot tests of the single 
photon apparatus did not indicate that the 
optical system needed a warm up period, 
but nevertheless at the start of each test 
session the computer collected photon 
counts for one minute; when that baseline 
period had finished the computer played a 
recorded voice announcing that the 
experiment was ready to begin. 
 

2.3.1 Analysis and Results 

         A total of 18,860 samples were 
collected in the 25 sessions, representing 
5.2 hours of data collection. To analyze the 
difference in photon counts between the 
concentrate and relax conditions  using a 
conservative resampling procedure, which 
makes no assumptions about the 
underlying sample distribution (unlike 
parametric statistic s), the following  six 
steps were used:  
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1) Pilot tests did not indicate any 
systematic drift s in the photon 
count data, nor any significant 
autocorrelations  in those data. 
Nevertheless, to reduce the 
potential effects of unanticipated 
drift s, the first step of the analytical 
procedure was to linearly detrend 
the photon counts in each session. 
This was achieved by subtracting 
the grand mean in each session and 
then subtracting the best linear 
least-squared fit to the zero-mean 
data. This resulted in a dataset that 
was essentially identical to the 
original data except that the grand 
mean of the session was zero and a 
linear trend across the session was 
also zero. 

2) The mean difference of the 
detrended data was determined for 
all samples recorded during the 
concentrate condition (8,547 
samples in Experiment I) vs. all 
samples in the relax condition  
(5,579 samples). This mean 
difference was called µ.  

3) To determine the range of possible 
values of µ, the original sequence of 
all samples in the experiment was 
randomly scrambled, and then the 
mean difference of the scrambled 
data was determined as in Steps 1 
and 2.  

4) Step 3 was repeated 1,000 times to 
build up a distribution of values of 
µ.  

5) The original mean difference µ was 
compared to the mean and 
standard deviation of the 
distribution of 1,000 scrambled 
means, then the statistic

( ) /z X sm= - , where X was the 

mean of the 1,000 scrambled mean 
differences, and s was the standard 
deviation. This z score is 
distributed as a standard normal 
deviate, i.e. it has a mean of 0 and a 
standard deviation of 1, making it 
easy to determine the probability of 
an observed deviation from chance. 

6) The z scores determined for each 
session in the experiment were 
then combined into a single 

Stouffer z score, i.e. /sz z N=ä  

where N was the number of z 
scores (Stouffer, 1949).  

 
         For Experiment I  this procedure 
resulted in a Stouffer z = -4.50, p = 6.8 × 

10-6 (two-tail),  effect size = es = / 25z  = -

0.90. Thus overall the photon counts 
during the concentration periods 
decreased with respect to the relax 
periods. Eighteen of the 25 sessions (72%) 
resulted in negative z scores, indicating 
that this outcome was not due to a few 
wildly deviant sessions, but rather to a 
general trend observed among the 
majority of the sessions. In addition, 6 of 
the 18 sessions with a negative z score 
were independently significant at p < 0.05.  
 

2.4 - Experiment II: EEG analysis   

          This experiment was planned for 20 
participants, each of whom was asked to 
contribute one test session. To provide 
improved environmental controls for this 
and all succeeding experiments (a) the 
double-slit apparatus and the participants 
were moved inside the IONS 
electromagnetically shielded chamber 
(Series 81 Solid Cell, ETS-Lindgren, Cedar 
Park, Texas, USA), (2) participants were 
seated approximately two meters from the 
double-slit apparatus, and (3) humidity 
and temperature were recorded along with 
the double-slit counts, once per second, 
using an Arduino microcontroller  and a 
Phidgets Humidity & Temperature Sensor 
(Trossen Robotics, Downers Grove, 
I llinois, USA). 
         A secondary goal of this study was to 
examine correlations between brain 
activity and changes in the double-slit 
count rates. Our expectation was a positive  
correlation between increased focused 
attention (detectable in the EEG via alpha 
desynchronization, a decrease in alpha 
band power) and photon count rates 
during concentration vs. relaxation.  A 
tertiary goal was to examine possible 
correlations among personality traits, EEG 
measurements, and the double-slit counts. 
To measure personality each participant 
fill ed out the Cloninger Temperament and 
Character Inventory  (Cloninger, 1993). 

http://www.arduino.cc/
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To record electrocortical activity we 
used a 32-channel EEG system (Electrical 
Geodesics, Inc., Eugene, Oregon USA) 
while each participant performed the same 
task as in Experiment I, with two changes: 
The test was performed with eyes closed to 
reduce eye-movement artifacts , and the 
feedback tone was provided by speakers 
rather than headphones to avoid 
interactions b etween the headphones and 
the EEG electrodes.  
 

2.4.1 Results 

         Twenty participants contributed one 
session each, for a total of 20 sessions and 
21,662 samples, of which 8,808 samples 
were in the concentrate condition and 
5,358 in the relax condition. Discussion of 
the personality and EEG analyses are 
beyond the scope of this article and will be 

reported in another publication.  The 
results of the analysis, using the same 
nonparametric procedure described above, 
was a Stouffer z = 1.27, p = 0.20, es = 0.28, 
indicating on average a small rise in 
photon counts. 
         Figure 10 shows the average humidity 
and temperature measures per second, 
averaged across all 20 sessions in this 
experiment . Figure 11 shows the average 
photon counts per second. The continuous 
rise in humidity and temperature were 
expected; this was due to the presence of 
the participant s inside the shielded 
chamber. As the graphs indicate, 
temperature and humidity were strongly 
correlated, but no similar drift was 
observed in the photon counts.   
 

 
 

                    Figure 10. Average change in relative humidity (left, percent humidity) and temperature 

(right, °C) over the first 10 minutes of each of 20 sessions. The x-axis is in seconds. 
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                    Figure 11. Average change in photon counts over 20 sessions, one per second., over the first 

10 minutes of each session. The x-axis is seconds; the y-axis is average photon counts per 

second. 

2.5 - Experiment III: Replication  
This study was the same as 

Experiment II but without EEG 
measurements, without the requirement to 
keep eyes closed, and with headphones 
instead of speakers for the audio feedback. 

In addition, while minor ambient 
vibrations due to movement of trucks 
outside the building did not appear to 
influence the photon count rates, as a 
precaution we placed the double-slit 
apparatus on a pneumatically-damped  
vibration isolation table (Model Onyx -7M, 
Herzan, Laguna Hills, California, USA).  

Tests of the vibration table indicated 
that it did not noticeably reduce variance 
in photon counts. E.g., the standard 
deviation of count rates recorded per 
second over 11,000 samples (3 hours of 
continuous recording) with the apparatus 
on the vibration isolation table was 6.28, 
and the standard deviation without the 
vibration isolation table over the same 
length of time was 6.37. The difference was 
not significant.  
 
2.5.1 Results 

In this study 22 participants each 
contributed one session, with a total of 
24,198 samples, of which 9,865 were in the 
concentrate conditions and 5,830 in the   
relax condition. Analysis of the photon 
counts showed no significant deviations, 
with Stouffer z = -0.02, p = 0.98, es = -
0.004.  

2.6 - Experiment IV: Neurofeedback  
This experiment used EEG 

neurofeedback to train two selected 
participants to shift their mental states (as 
reflected by their electrocortical activity) 
between high concentration and high 
relaxation. To provide the neurofeedback, 
we used a NeXus-10 Mark II system with 
Biotrace+ software (MindMedia, The 
Netherlands). The training protocol, 
designed by a professional neurofeedback 
trainer, consisted of a two-minute baseline 
followed by two minutes of EEG feedback 
designed to encourage increased alpha 
power at central occipital and central 
frontal sites (for relaxation training), 
followed by two minutes of feedback to 
encourage decreased alpha power at the 
same two sites (for concentration training) 
(Logopoulos, 2009). This four -minute 
sequence was repeated four times, 
providing an 18-minute training period.  

After the neurofeedback training, each 
participant ran one session in the double-
slit experiment. The first seven sessions 
were conducted using the same protocol 
already described, and the remaining six 
sessions were conducted in an ñinstructed 
mode,ò whereby the computer prompted 
participants to begin each trial rather than 
allowing them to initiate each trial at will.  

These sessions were conducted on 
each of three days per week over four 
weeks. 
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The instructed protocol sessions were 
added to this experiment because both of 
the participants complained that they 
became so relaxed by the neurofeedback 
training that they were on the verge of 
falling asleep by the time they were to 
begin the double-slit task. The volitional 
protocol waited for the participant to 
initiate each trial, so if he or she fell asleep 
no data would be collected. By contrast, 
the instructed protocol prompted the 
participant to begin each trial, reducing 
the likelihood of falling asleep.  
 
2.6.1 Results 

In one session the EEG failed to 
record data properly, so a total of 37,769 

photon count samples were recorded in 25 
sessions. Of these, 20,272 samples were in 
the concentrate condition and 4,204 in the 
relax condition. Results indicated no 
overall significant differences, with 
Stouffer z = 0.49, p = 0.62, es = 0.10. 
However, as shown in Figure 12, when the 
results of each session were examined in 
chronological order fo r each of the two 
participants, a downwards trend was 
evident. The correlation between z score 
and session was r = -0.51, p = 0.002 (two-
tail), indicating that neurofeedback 
training reduced the number of photon 
counts obtained during concentration vs. 
relaxation periods. 

 

                         
                   Figure 12. Results per session over 13 sessions in two selected participants. 

2.7 - Experiment V: Hypnosis  

In this experiment we asked a 
professional hypnotherapist to create a 
custom 11-minute audio program designed 
to instill a sense of confidence in the 
participant s that the psychophysical 
interaction task could be accomplished 
with ease. Two participants each 
conducted 10 sessions, 2 to 3 sessions per 
week, each beginning with the hypnosis 
program and using only the volitional 
protocol.  

 

2.7.1 Results 

The two participants contributed a  
total of 30,334 samples in the 20 sessions, 
resulting in a Stouffer z = -1.22, p = 0.22, 
es = -0.27. As shown in Figure 13, analysis 
of a possible training effect showed a 
significant upwards trend, with r  = 0.53, p 
= 0.004 (two -tail).  
 



Quantum Biosystems | 2015 | Vol 6 | Issue 1 | Page82-98 
Dean Radin 

ISSN 1970-223X                                         www.quantumbiosystems.org 

 

93 

                         
                 Figure 13. Results per session over 10 sessions in two selected participants. 

 
 

2.8 Experiment VI :  Enhanced feedback 

This experiment explored the role of 
enhancing motivation , and thus attention,  
by providing a more engaging form of 
feedback. A small plastic Buddha statue 
was placed on top of the optical apparatus 
just above the location where the double-
slit slide resided inside the tube, as shown 
in Figure 14. Inside the Buddha statue a 
white LED was linked to the per-second 
photon count via an Arduino 
microcontroller. The Arduino transformed 
the count rate into a voltage controller , 
which in turn illuminated the LED. The 
volume of a droning tone was also used as 
feedback, as in the previous experiments. 
The participantsô task was to ñhelp the 

Buddha become illuminated ,ò and in so  
 
 

doing to also increase the volume of the 
droning tone. Other than illumination 
provided by the Buddha statue this 
experiment was conducted in complete 
darkness, thus providing additional 
motivation to make the Buddha statue 
shine. During relax sessions the LED was 
illuminated continuously at a fixed, low 
level. 
 

2.8.1 Results 

        A total of 20 sessions were 
contributed by 20 people, i nvolving a total 
of 21,697 samples of which 10,621 were in 
the concentrate condition and 1,789 in the 
relax condition. Results combined across 
all sessions were a Stouffer z = 2.55, p = 
0.01, es =0.57. 
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                    Figure 14. “Illuminated Buddha” experiment. The top photo shows the experimental setup; 

the bottom photon shows the Buddha statue at a fairly bright level of illumination. The actual 

experiment was conducted in darkness, with the statue as the only source of illumination.  

 

2.9 Combined results 

        When the results of all six 
experiments were combined via Stouffer z, 
overall there was no evidence for a 
systematic mean-shift in the photon 
counts (z = -0.58, p = 0.56). However, 
when these results were combined in the 
form of a chi-square statistic to assess a 
shift in variance 1, the outcome was highly 
significant , z = 3.95, p =  3.77 × 10-5, 
suggesting that a psychophysical effect was 
observed in these studies, but the direction 
of that effect was not constant. 
 

                                                 
1
 Via the sum of z

2
 with 6 degrees of freedom, chi-

square = 30.1 with 6 degrees of freedom, p =  3.77 

× 10
-5

 

         As a check on these results, Figure 15 
shows the results of each experiment, the 
combined mean-shift results, and the 
combined variance results, in the form of 
lead/lag graphs. The results described so 
far are shown in these graphs at time 0 on 
the x-axis. This indicates the results of 
comparing the photon count data in the 
concentrate vs. relax periods in exact time-
synchrony with when those attention 
instructions were given. The graph also 
shows the effect of shifting the attention 
conditions up to 10 seconds behind and 
ahead of the data. The purpose of this 
time-shift analysis was to see if there was a 
delay in the results due to the time it took 
participants to switch their attention.  The 
experimental protocol  was designed to 
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help avoid attention -switching delays via 
the 5-second ñget readyò preparatory 
period, thus the peak effect in these 
experiments should have appeared at or 
close to time 0. Figure 15 shows that in 

general the protocol did work as it was 
intended to, with the peak outcomes in 
experiments resulting in significant 
deviations occurring either at time 0 or 
time +1 second. 

 
 
 

 
 
 

                   
 

                   Figure 15. Lead/lag analyses. The 0 on the x-axis indicates the data in time-sync with the 

given instructions. Positive values on the x-axis indicate lagging the condition to take into 

account small delays in attention-switching time, and negative values indicate leading the 

condition to show this effect in context. The top graph shows the results of each experiment 

in terms of a z score, the middle graph shows the combined Stouffer z across experiments, 

and the bottom graph shows the combined variance across experiments, transformed back 

into a z score for ease of comparison.  

 
 

 

3 - Discussion  

         Six experiments explored two 
hypotheses about mind-matter interaction. 
The ñconsciousness-collapse hypothesisò 
(CCH) predicted that any form of attention 
directed toward a double-slit system would 
reduce the wave-like nature of light . 

That in turn  would reduce the 
sharpness of the interference pattern and 
thus increase the number of photons that 
would land at an interference minimum.  
This would lead to similar results in each 
experiment given that  all of them involved 
directing  attention toward the optical 
system, and that outcome would be 
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reflected by a positive z score in each study 
and a combined positive Stouffer z.  
        By contrast, the ñconsciousness-
influence hypothesisò (CIH) predicted that 
attention would shift the photon counts  
according to the goal of the test, which is 
partially defined by the type of feedback 
provided to the participants, and also by 
the purpose of the test as defined by the 
investigators. 

         Table 1 summarizes the Stouffer z 
outcomes in the six experiments. It 
supports the CIH with two of the six 
studies resulting in significant deviations 
from a null effect  in opposite directions . As 
previously discussed, analysis of possible 
influences of temperature, humidity and 
vibration revealed no obvious 
environmental artifacts that may have 
spuriously produced these results. 

 
 

Experiment  Purpose  
Sessions  Stouffer 

z 

I  Initial test  
25 -

4.50 

II  EEG  20 1.27  

III  No EEG 
22 -

0.02 

IV Neurofeedback 25 0.49 

V Hypnosis 
20 

-1.22 

VI  Enhanced fb 
                      

20 2.55 

 

Table 1. Summary of Stouffer z results for each of the six experiments. 

   

3.1 - Speculations 

        However, the goal in each study was 
nominally the same. The feedback was 
always linked to a rise in photon counts  
which would in turn lead to a positive 
Stouffer z score. So why did Experiment I 
result in a negative z score? One 
possibility , mentioned by several 
participants , is that the feedback tone 
provided during the concentration periods 
was more distracting than helpful. The 
better an individual performed, the louder 
the tone became. This may have setup a 
contradiction whereby an increase in 
performance was accompanied by an 
increased source of distraction, and that in 
turn may have caused participants to lower 
the volume rather than raise it. This is 

speculative, of course, but in an extreme 
case where improved performance was 
linked to increasingly discordant or 
disturbing tones, one can see how the 
actual goal of the feedback may be 
diametrically opposed to the intended 
goal. 
         In the case of the Experiment VI, the 
goal was much clearer. There was still a 
droning tone associated with improved 
performance, but illuminating the Buddha 
statue was such an aesthetically pleasing 
experience that it may have overcome the 
distraction of the feedback tone and 
caused the desired and actual goals to go 
into alignment.  
         Experiments IV and V are especially 
interesting cases because they too suggest 

that the nominal goal of the experiment 
may have been overwhelmed by a 

secondary goal. That is, both of those 
studies were designed to investigate the 
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effect of repeated testing in two selected 
individuals, in the first instance with 
neurofeedback training  and in the second 
with hypnosis. In both of those studies the 
experimenters hoped to see significant 
trends in the outcomes, and the 
participants were aware of that goal. 
         The neurofeedback study may have 
resulted in a significant trend toward 
negative scores because the neurofeedback 
training sessions were putting the 
participants to sleep. Both participants 
reported that finishing th e planned series 
of sessions became increasingly difficult. It 
is possible that the intensifying desire to 
go to sleep by the end of the 
neurofeedback training period may have 
shifted the nominal goal of raising the 
feedback sound into a new goal of lowering 
the sounds so they could fall asleep 
without distractions.  
          By contrast, the hypnosis program 
was designed to be relaxing and 
motivating, but not sleep -inducing. Armed 
with the belief that the task was possible to 
complete easily and effectively, the two 
participants may have found the test 
increasingly easy to perform. And this may 
have been reflected by the significant 
positive trend in their performance.  
          In sum, we mention these post-hoc 
speculations as fruitful ideas to pursue in 
future experiments where the nominal and 
actual goals of the study, both within 
individual test sessions, and within the 
study as a whole, are carefully designed to 
be in close alignment.  
 

3.2 - Interpretation  

         Beyond the important methodological 
issues, given the evidence from the present 
series of studies, especially in light of 
previously reported experiments with 
similar, non -chance outcomes,3, 4, 8 how 
shall we interpret the meaning of these 
studies? Do ñpsychophysicalò interactions 
necessarily imply a dualistic 
understanding of mind and matter? We 
have used the term psychophysical 
because it is a relatively neutral term  

already placed into the physics literature 
by von Neumann.1 We also adopted this 
term because it is descriptive of how the 
experiment is operationally defined ï one 
casts oneôs mind into a distant material 
system and then looks for correlations that 
arise between the behavior of mind and 
matter . That is, the term psychophysical is 
epistemologically useful. 
         But from an ontological p erspective, 
the problems with dualism (e.g., how do 
entirely different ñsubstancesò interact at 
all?) suggest that mind and matter are 
actually complementary aspects of an 
underlying unity that gives rise to 
apparently different phenomena , 
analogous to how a Möbius strip appears 
to have two sides, but when examined it is 
found to only have one. Within this view, 
mind and matter interact not because of 
exchange of forces or other concepts 
common in classical physics, but rather 
because at levels of reality deeper than 
either mind or matter, they are one and 
the same. The nature of that ñsamenessò 
remains mysterious. At this stage of our 
understanding, it is difficult to discuss the 
nature of such a holistic reality without 
delving into concepts that begin to sound 
mystical. So rather than trying to expound 
on what is presently ineffable, we will 
spare the reader and stop at this point.  
 

Conclusion  

         A series of six experiments using a 
single-photon double-slit apparatus 
detected significant evidence for a form of 
psychophysical interaction  that appears to 
exist at the quantum scale. Interpretation 
of this interaction is more in alignment 
with a goal-oriented effect rather than a 
passive observational effect. 
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