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Creative Commons License CC-BY-NC

S

everal of my recent Editorials have dealt with
terminological/conceptual errors and confusions that have been all too prevalent among psi
researchers. In this Editorial, I want to consider a
related issue often raised about parapsychological
concepts and explanation.
Probably we’ve all heard the complaint that parapsychology’s core
concepts have been defined only negatively, with respect to our present
level of ignorance—for example, taking “telepathy” to be “the causal
influence of one mind on another independently of the known senses.”
Perhaps some of you have even expressed that complaint yourselves.
Of course, the assumption underlying those complaints is that this
definitional strategy is a problem. However, it seems like a perfectly
reasonable procedure to me, and I can easily accept the possibility that
we might eventually learn enough about phenomena so defined that
we can later construct better, detailed, and more informative analytical
definitions.
But at least as far as psi research is concerned, I consider it
presumptuous—at our present (and considerable) level of ignorance—
to proceed any other way. We hardly have the barest hint, based on all
the available data, as to what psi is doing in the world (i.e., both inside
and outside the lab). In fact, formal, experimental evidence has been
particularly unilluminating. It has barely succeeded, if it’s succeeded
at all, in convincing parapsychological fence-sitters that there are any
genuine paranormal phenomena to study (I’ve explored some reasons
for this in Braude, 1997). And it certainly hasn’t shed light on how
pervasive, extensive, and refined psi effects might be, or whether effects
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of radically different magnitudes would be the result of substantially
different processes. At best, typical quantitative research examines only
straitjacketed expressions of phenomena that non-laboratory evidence
suggests occur more impressively (if not flamboyantly) “in the wild.”
So it strikes me as appropriately modest and circumspect to define
“PK” (for example) as “the effect of an organism on a region r of the
physical world without any known sort of physical interaction between
the organism’s body and r.” (For additional specific parapsychological
definitions, see Braude, 2002).
Philosopher Michael Scriven addressed this topic very sensibly back
in the 1970s (Scriven, 1976). Among other things, and focusing more
specifically on the topic of scientific explanation, he argued (plausibly)
that so-called negative definitions are still substantive. Scriven wrote,
. . . let us briefly consider another of the puzzles about explanation and ESP. Richard Robinson once complained that parapsychologists thought they were explaining something by labelling
it “telepathy,” whereas, he said, labelling something “telepathy” is
simply to say that it cannot be explained. Here’s another example
of an attempt to dispose of the supernatural or the parapsychological by a piece of logical legerdemain. Again, it will illustrate
the extent to which a better understanding of the theory of explanation can enable one to cope with apparent conceptual difficulties in this area. Contrary to Robinson’s view, it is—in certain
contexts—perfectly appropriate for somebody to offer as an explanation of a puzzling phenomenon the hypothesis that it is due to
telepathy; by this he or she means to convey the fact that transfer
of information is occurring other than by the typical means, and
the existence of this information in the mind of some individual
associated with the experimenter is a necessary condition for success. There is plenty of meat in this hypothesis—meat that can be
tested. For example, it denies that ordinary sensory transfer is occurring, and it denies that clairvoyance would be an adequate explanation of the events. On the other hand, of course, it does not
provide a theory of telepathy itself. To explain a remarkable performance by a stage mentalist, by saying that he memorizes a list of
key words, may be perfectly legitimate, even though one cannot
give an explanation of the phenomenon of memory. Explanations
all come to an end; explanations all leave other things unexplained.
Explanations [in terms of ] telepathy are perfectly legitimate,
even though telepathy is not explained. (Scriven, 1976, p. 193)
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It might help here1 to remember that science started with, and
has always been driven by, the desire to explain what we’ve already and
undeniably observed to occur. In fact, it’s easy to rattle off long lists of
phenomena we’ve both named and ascertained to be genuine before
we had—or before we at least settled on—a theory as to why or how
they occurred. Consider, for example, lightning, thunder, heat, rain,
earthquakes, sunrise and sunset, lunar cycles, tides, magnetism, organic
growth and development, aging, tooth decay, inherited characteristics,
memory, pain, the surprising and anomalous skills of savants, and hair
loss (some of these we still don’t know how to explain).
Of course, our interpretations of these phenomena have
occasionally changed in the process of trying to make sense of them.
And so sometimes our explanatory efforts lead to a change both in
our concepts and in our labels for the phenomena. For example, what
previously would have been considered demonic possession might
now be classified as a dissociative disorder. But in other cases, we retain
our original vocabulary. The phenomena once called earthquakes are
still called earthquakes even though we can now explain them in terms,
like plate subduction, that were previously not part of our conceptual
arsenal. And of course, before we had the insights of plate tectonics
at our disposal, we had no qualms about claiming that the collapse of
buildings was caused by an earthquake.
But the crucial point here is that our explanatory uncertainty was
never a barrier to forming and using the concepts in the meantime,
even if that meant we had to define the concepts for a while with
respect to some level of ignorance. And we’re usually content with that
because we know that as science proceeds, we usually find new ways
of systematizing observed regularities and drawing explanatory links
between them and other things we observe or believe about the world.
We knew that objects burned in combustion, whether we explained what
we observed with respect to phlogiston or oxygen. Various symptoms
of disease and ill health have been recognized for millennia, whether
those conditions were explained in terms of imbalance of bodily
humors, demonic influence, or micro-organisms. Even very unusual
phenomena, such as instances of exceptional (“photographic”) memory
and the appearance of musical or mathematical prodigies and savants,
occur indisputably, even though we’re still struggling to explain them.
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But no matter how we characterized and organized these occurrences
and tried to connect them with other items in experience, we had
concepts to operate with, for which we sought scientifically satisfying
analysis, but which in the meantime we couldn’t define analytically.
Furthermore, the complaint that parapsychological terms are
only defined negatively seems to rest on a perniciously naïve tacit
assumption—namely, that any phenomenon worthy of scientific
attention must have an analysis, and in particular, an analysis in terms
of respectable and presumably lower-level phenomena (e.g., explaining
heat in terms of molecular motion, or earthquakes in terms of plate
tectonics). But that seems to require that psi phenomena, and mental
and behavioral phenomena generally, can’t be irreducible or basic.
As I’ve remarked elsewhere (no doubt ad nauseum), most
scientists wittingly or unwittingly subscribe to what I’ve called the
small-is-beautiful assumption. According to that assumption, there
can’t be unanalyzable phenomena or facts at the observable level. But
this is not only indefensible, it’s downright peculiar. Scientists agree,
reasonably, that explanation by analysis (i.e., into constitutive lowerlevel processes) can’t continue indefinitely. In other words, they admit
that some processes and regularities in nature are primitive in the
sense that we can’t go behind or beneath them and profitably ask how
they occur. That they occur is simply a basic fact about the way the
universe works, and there are no deeper (lower-level) corresponding
regularities that explain why. Put another way, we can’t always expect
a general and context-independent answer to the question: How is
phenomenon P possible? Some things simply are possible. Moreover,
by acknowledging this we can avoid positing an infinite regress of
analytical explanations and arrive at one kind of scientific ground level.
Now so far, this is fine; there’s no problem in holding that some
facts or regularities in nature should be considered unanalyzable.
However, most scientists go further and assume that these fundamental
regularities can exist only at the level of the very small—say, the atomic,
microscopic, biochemical, or neurological level, and never (say) at the
level of observable behavior. But that’s simply an assumption, not
an empirically established fact, and I believe anti-mechanists have
marshaled powerful arguments against it.
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Moreover, stopping the search for vertical explanation at this
point is neither unscientific nor a failure in understanding. In fact, it’s
a victory of understanding to figure out where analysis comes to an
end and where regularities can’t be analyzed further in terms of more
primitive constitutive processes. Besides, not all explanation stops
once we identify unanalyzable phenomena; only vertical explanation
(explanation by analysis) grinds to a halt. Scientific explanations take
many forms; explanation in terms of lower-level processes is only one
of them.
Scriven’s comments in this connection are also worth quoting. They
concern what he called “the doctrine of explanation by assimilation.”
The proper first move in the scientific explanation of a novel phenomenon is reduction of it to pre-existing and well-understood
ones. But of course this does not always work—it can never always
work since there has to be at least one basic phenomenon for which
it will not work. We are facing a situation in physics and parapsychology where it may fail on an unprecedented scale. But that is
no limitation of science, only of simplicity. What is irreducible is
not thereby inexplicable. This situation may require us to turn from
“vertical explanation” (derivation) to “horizontal explanation” (analogy, correlation, etc.); but we may finally and correctly come to understand the new phenomena, the old supernatural, just as well as
any other fundamental phenomenon. (Screven, 1976, p. 194)

So I suggest we ignore the tired skeptical complaint that parapsychology is hobbled by its reliance on so-called negative definitions.
The complaint is naïve and shallow, no matter how loudly or frequently
some parapsychologists and psi-skeptics express it. As Mark Twain once
noted: “Noise proves nothing; often a hen who has merely laid an egg
cackles as if she had laid an asteroid.”

NOTE
1

As I’ve pointed out elsewhere (Braude, 2007) in connection with
astrology.
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Abstract—This preliminary study is based on 38 experimental sittings in
which 22 participants attempted to mentally influence an electronic circuit called RSG (Random Signal Generator), while their cerebral activity
was recorded by a 14-channel EEG. Subject to sampling, signal peaks with
an absolute value greater than a predetermined threshold were selected
from the analogical RSG output by a computer program. Whenever a
signal exceeded the threshold, an audible ‘beep’ sounded and the participant was asked to mentally increase the frequency of these beeps as
much as possible, because a higher beep rate meant a successful mental
influence attempt on the RSG. An important objective was to verify the
existence of any relationship between a successful mental influence on
the RSG and cerebral activity in the participant attempting the influence.
Compared with an equal number of ‘inactive’ sittings made without anyone attempting mental action, the ‘active’ sittings show a small increase
in the average number of beeps/minute, but in particular a significant
increase in the emitted beeps within 1.5 s of the previous beep (p < 0.025).
The experimental sittings were divided into two groups (with about 50%
of participants in each), of which the first had better results, and only the
frontal and fronto–temporal symmetrical EEG locations (AF3, AF4, F7, F8,
F3, F4, Fc5, Fc6) were examined. The better-performing group showed
a significant reduction in Brain Synchrony (p < 0.03) together with an
equally significant increase in Beta and Gamma 15–42 Hz activity (p <
0.03). These differences were interpreted as an effect of greater mental
work performed by the better-performing group during mental influ-
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ence on the RSG. This study contributes to investigating the relationship
between EEG activity and mind–matter (PK) interaction at a distance, in
order to find, if any, a significant relationship between PK effects and
brain waves.
Keywords: mind–matter Interaction, psychokinesis, entanglement, EEG,
ERP, RNG, brain–computer interface, random signal generator, mentally controlled devices

INTRODUCTION
This study presents the results of a series of experimental sittings
aimed at investigating the mind–matter (PK) interaction by means
of the mental influence on a Random Signal Generator (RSG) with
a simultaneous recording of the electroencephalogram (EEG) of the
subject attempting the mental influence. This procedure represents an
interesting innovation with respect to previous studies, in which the
PK influence effect on an electronic device usually involved a Random
Number Generator (RNG) of which the output was simply a sequence
of zeros and ones. One of the most ambitious objectives of RNG (and
similar) studies is in fact to verify the possibility of distantly activating
electronic devices at will simply by using “mind force.”
Even though, given the current state, this possibility of at-will
activation is still far removed from present abilities, many studies—
beginning in the 1970s by R. G. Stanford (1977), H. Schmidt (1987), and
then by R. Jahn et al. (1997) under the scope of PEAR lab (Princeton
Engineering Anomalies Research)—have produced to date hundreds of
studies overall highlighting a weak but significant PK interaction effect
(Bösch et al., 2006). Moreover, examples of previous RNG–PK studies
considering EEG correlates include Heseltine (1977), Heseltine and
Mayer-Oakes (1978), Schmidt and Terry (1976), and Radin et al. (2012,
2015).
Despite the still-common skepticism, it seems important to
continue this type of research by integrating data obtained from the
electronic device under examination with the simultaneous recording
of mental activity via EEG—as in this case—or with other more sophisticated techniques. A better knowledge of mental states during PK
action is of fundamental importance to demonstrate the reality of PK
as well as understanding which traits of brain activity correlate with PK.

E E G A c t i v i ty W h e n I n f l u e n c i n g a n R S G
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MATERIALS AND METHODS
Participants
22 people ranging in age from 30 to 70 years, 10 males and 12
females, took part voluntarily in the experiment, carried out in the
AISM Laboratory (Milan, Italy).
The criteria used for participant selection were the following:
— interest in the experiment itself,
— convinced of the existence of psi, and
— having presumed personal experience of psi events.
Some participants who had particularly good results in PK action
took part in more sittings, thus favoring a contribution by subjects who
are more gifted in PK.

Ethics Declaration
The use of participants is in accordance with the ethical guidelines
of the Declaration of Helsinki, and the study was approved by the AISM
Ethics Committee. Before taking part in the experiment, all participants
were informed of the study’s objectives and gave their written consent
to participate.

Equipment
In this study the traditional RNG (Random Number Generator)—
currently also available as a USB—was substituted with an electronic
circuit called a Random Signal Generator (RSG). The reason for this
stems from the theory, confirmed by a previous study (Giroldini, 1991),
that an RSG circuit could be more sensitive to PK than an RNG. Both
types of circuits are based on white noise generated by low voltage
Zener diodes when, for a quantum tunnel effect, they are given a small
continuous current.
Conceptually, the RNG is based on only one Zener diode, the
signal of which is amplified and then immediately split and thereafter
digitalized (Pederzoli et al., 2017) and processed, and on its emergence
gives a regular temporal sequence of absolutely random 1 and 0 states.
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This process could, however, hinder sensitivity to PK, since in a postdigitalization stage the 1 and 0 states are further processed, causing the
loss of a good chunk of the possible relationship with mental influence
on the tunnel effect.
The RSG circuit used in this study is instead composed of 16
identical generators/amplifiers of white noise each using a Zener diode
and an operational amplifier. Their output signals are then added and
amplified by another operational amplifier, producing the RSG’s final
output signal. The signal produced by individual generators is totally
random; therefore the sum of the 16 signals is also random with respect
to noise, increasing the output voltage as the square root of the number
of generators (following the sum of their powers, not voltages).
We assume, though, that PK acts simultaneously and in the
same manner on all 16 white noise generators, so that all their voltage
contributions are added together at the output: We therefore expect that
the signal/noise ratio relative to the PK of the whole circuit improves by
a factor equal to the square root of the number of generators, in this
case 4 times with respect to a single generator. The circuit diagram of
the RSG is shown in Figure 1.

Figure 1. Circuit diagram of the Random Signal Generator. There are 16 equal white
noise generators, like that on the left. The circuit on the right adds together
all their signals, amplifies them, and produces the RSG’s output signal.

E E G A c t i v i ty W h e n I n f l u e n c i n g a n R S G
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In this study the RSG circuit was battery-operated with a stabilized
voltage and enclosed inside a shielded metal box. During the session
the ambient temperature was set at 23.5 +/– 0.5 °C, giving the RSG
time to thermally stabilize. The RSG circuit’s output signal was lastly
AC-amplified by a second battery-powered device with a 1–40 Hz
bandwidth (Brain Monitor, Elemaya, Milan, Italy). The RSG signal at
this stage is then a typical AC (alternate current) signal with average
value Mv experimentally adjusted about half-scale of the ADC output.
This constant value Mv was used successively for all the experiments in
order to determinate peaks of RSG activity. The RSG signal was then
sampled at 128 samples/s and 8 bits/sample, and then sent in digital
form to the processing computer through an RS232 serial port.
The EEG was an Emotiv Epoc model modified to connect (via a
multi-contact connector) to a Bionen (Florence, Italy) professional
headset so that high-quality EEG signals could be detected.
The entire system was carefully checked for accuracy and quality
of recorded signals. Sampling frequency was 128 samples/s over 14
channels connected to the following location points: AF3, F7, F3, Fc5,
T7, P7, O1, O2, P8, T8, Fc6, F4, F8, AF4. All electrodes referred to two
interconnected aural electrodes (A1 and A2).
The Emotiv Epoc was equipped with a fifth-order, synchronous,
low-pass digital filter (band 0.2–45 Hz) and also two notch filters at
50 and 60 Hz, respectively, to protect against disturbances from the
local electricity network; it also had its own wireless connection to
the computer, at a frequency of 2.4 GHz, so as to totally isolate the
acquisition electronics.
A special computer program also was created, dedicated to
simultaneous acquisition of both EEG and RSG signals, all at the
sampling frequency of 128 samples/second. Additionally, the program
managed the emission of a short beep (500 Hz, 60 ms duration) that
was given to the participant through headphones with a 32 Ohm
impedance each time the RSG signal exceeded a certain threshold ‘Th’,
the value of which was determined so that a statistical average of 30
beeps/minute would be a baseline activity in the absence of mental
influence attempts on the RSG.
Each time the threshold was exceeded, the program prevented
the emission of other beeps (even if successive signals exceeded the
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threshold) for a duration equal to 100 samples (0.78 sec), but the entire
RSG signal continued to be recorded together with EEG signals. An
excessive number of beeps within too short a time interval would have
prevented the clear distinction between normal EEG responses to a
brief audio or visual stimulus, which are defined as ERPs and described
in more detail below.
A computer with the Windows XP operating system was used
to stabilize time-setting, because it is far better than the ubiquitous
Windows 10. All the hardware used in this study is shown in Figure
2. This arrangement has been proven effective in ensuring that RSG
signals remain unaffected by external disturbances and the EEG
signals themselves.

Figure 2. Hardware used in this study. Computer + A = RSG, B = amplifier and analog/
digital converter, C = headphones, D = modified Emotiv Epoc, E = 2.4 GHz
USB receiver, F = EEG headset.

Procedure
To stabilize temperature, all the equipment was placed in the
laboratory where the experiments would take place and turned on at
least one hour before each sitting; the ambient temperature was set to
between 23°C and 24°C.

E E G A c t i v i ty W h e n I n f l u e n c i n g a n R S G
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After fitting the headset on the participant’s head, applying
conducting gel to the electrodes, and carefully checking the quality of
all signals, the participant was instructed to try to listen for as many
generated beeps/min as possible, because a higher beep frequency
indicated a more effective mental influence on the RSG. The experiments were in fact conducted based on the theory that feedback in real
time would have enhanced the effectiveness of voluntary mental action.
The participants, who were usually relaxed, very motivated, and
sitting on a comfortable chair, were instructed to keep their eyes closed
and to limit physical movements during the test, so as to obtain the
best possible EEG signal quality.
At this point the test began, lasting around 16 minutes, with the
computer program signaling its end. For each session a control test
was undertaken immediately after, or sometimes shortly before the
session, with nobody in the laboratory. Obviously in these control tests
the only channel recorded for 16 minutes, with the same program,
was that relative to RSG output. The 38 experimental sittings, together
with 38 controls, were achieved over 3 months of work, and, as already
stated, some subjects who obtained good results were invited to take
part in more sessions.

RESULTS
Data Analysis
Each session produced a total of three files: one with EEG data,
one with RSG activity, and also, during the control phase (CT), a file
with the recording of the RSG’s activity. Each output signal of the
recorded RSG was then subjected to a series of statistical processes,
among which was a calculation of the average amplitude of the RSG
signals during the PK and CT phases, the statistical distributions of
their sample values, as well as their frequency distributions via FFT.
There was no significant difference between the PK and CT data. Each
‘beep’ perceived by a participant originated from an RSG activity peak:
Henceforth, this peak will be defined simply as “Peak.” Peaks generated
by the RSG were ascertained by calculating the absolute value of the
RSG’s signal after subtraction of its average value and checking to
see if it exceeded the pre-determined Th threshold. A Peak occurred
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when Abs[RSG(t) – Mv] > Th, with Mv = average value of RSG signal
as described previously. Figure 3 shows the absolute value of the RSG
signal as a function of time, and the horizontal grey line represents the
threshold Th.

Figure 3. Graphic example of the RSG (full wave rectified signal via computer
program). When the RSG signal exceeded (Peak) the established threshold
(horizontal grey line), a short beep was emitted (red curve), after which, for
0.78 s and despite the possible presence of other Peaks, no other beeps were
emitted.

The average number of Peaks/minute during the PK phase was
slightly higher with respect to the control phase: 31.125 Peak/minute
(SD = 2.316) compared with 30.636 Peak/minute (SD = 2.03), N = 38. This
difference cannot be considered significant; however, some participants
reported having had the sensation of beeps in very close succession
followed by longer than normal pauses. Consequently, instead of
limiting the study to simply counting Peaks/min, we analyzed the
distribution of Peaks over time in order to find asymmetries between
the PK and CT phases. The difference in time ΔTx between the two
Peaks is defined by the equation:
			ΔTx(i) = Tx(i) – Tx(i–1)
where Tx(i) is the absolute time of each Peak (expressed as seconds or
as samples).
During a 16-minute test, there are about 500 Peaks, corresponding
to 500 values of ΔTx. This set of ΔTx values can be distributed as small
intervals of time, denoted ‘bins’, each being 10 sample durations (0.781
s) such that each single ΔTx must fall within a bin. For example, bin
number 30 contains the ΔTx values from 2.343 s to 2.422 s inclusive, or
between 300 and 310 samples (of the RSG signal).
In this way we can create a group of bins (k), each of which
contains the number of ΔTx falling within a certain time interval. It is
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then possible to acquire the statistical distribution of times between
two successive Peaks and compare the distribution of PK and CT
bins, as shown in Figure 4, which illustrates the global average of bin
distributions from all tests.

Figure 4. Final average distribution of bins between PK and CT. Included are bins
corresponding to times < 0.781 s, which do not cause emission of a beep.

We see that the PK line is mostly above the CT line until about 1.5 s,
while the average lag between Peaks is around 2 s.
In consonance with bins < 0.781 s, the program does not emit
any beeps; however, even in bins lower than 0.78 s we see an excess of
Peaks. The excess Peaks during the PK attempts with respect to controls
(CT) seems more evident in the lower graph, which represents the
difference between the two curves. To statistically evaluate excess bins
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up to around the 1.5-s mark, it was decided to calculate (for each of the
38 PK and CT files) the ratio between the sum of all bins between 0 and
1.5 s inclusive and the sum of all bins between 1.5 s and 4.0 s inclusive.
The ratio is an adimensional number pertaining only to the
temporal distribution of Peaks and not their absolute number;
furthermore, from specific tests carried out, it has been shown
to be indifferent to variations in the RSG signal caused by ambient
temperature in the range between 18 and 30 °C. The average value of
these ratios, for all the PK and CT tests, was calculated in two time
intervals (A & B), as shown in Table 1.
The differences between PK and CT are important for both data
TABLE 1
Significance of Ratio between Two Time Intervals A and B Including and
Excluding Bins < 0.78 s (SD = standard deviation of 38 results)
Intervals

PK ratio A/B

CT ratio A/B

Student’s t

Probability

A = 0–1.5 s
B = 1.5–4.0 s

5.45 SD = 1.54

4.84 SD = 1.07

2.00

p < 0.025

A = 0.78–1.5 s
B = 1.5–4.0 s

3.77 SD = 0.88

3.43 SD = 0.59

1.92

p < 0.03

including audio feedback (for t > 0.781 s) and data without feedback.
The sensation reported by some participants who reported hearing
rapid sequences of beeps was thus shown to be correct and statistically
significant.
We also note that the standard deviation of the PK data is decidedly
higher than the CT control data. It’s highly probable, in some subjects,
that this can be attributed to the presence of flurries of Peaks in rapid
succession caused by PK mental action on the RSG.
Henceforth, the value of the “PK ratio A/B” (shown in Table 1, line 1)
will be called “PK effect.” The value of the PK effect will be used to divide
the trials into two groups, as described in the following paragraph.
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DISCUSSION
Analysis of EEG Signals
EEG signals were subjected to a pre-processing stage comprising
high-pass filtering at 0.8 Hz, followed by signal normalization and their
filtration in the 1–42 Hz band, followed by storage of these EEG files for
further analysis. Normalization of EEG signals was necessary in that the
signals can vary in amplitude by as much as a factor of 3 between subjects
and must be made uniform as much as possible for ease of processing.
After carrying out the above pre-processing, the signals were
analyzed using the Fourier transform (FFT) on contiguous intervals
of 1 s, with a rectangular window and no overlap, to define their
frequency distribution between 1 and 42 Hz with a resolution of 1 Hz.
These procedures were performed for each session, and the FFT overall
average of all sessions also was calculated.
Moreover, to evaluate the degree of correlation—or ‘synchrony’—
between the different areas of the cerebral cortex, another parameter
was defined and calculated and was called “Brain Synchrony.” In the
literature, many different methods can be found to calculate such
‘synchrony’, and often the results cannot be directly compared because
of the different logical–mathematical procedures used. We can for
example cite Perez et al. (2017), Thatcher et al. (2008), and Diwaker et
al. (2016), who used methods based on a calculation of the Pearson
correlation between two rough signals, or even between the envelope
of frequencies of two signals given by the FFT, and so on, including
more complex variations.
In this work the chosen procedure was the following: From the
14 EEG recordings of the 14 channels (Nc = 14), the Pearson linear
correlation was calculated (for each 1-s interval), for a total of 91
correlations between all possible pairs of signals, as obtained from the
following expression:
Number of Correlations = (Nc2 – Nc) / 2 = 91
Using the PK effect defined above, the trials were divided into
two groups. The first group contained 18 trials—called “PKgood”—
who had obtained a PKeffect > 5.40, while the second group had 20
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trials—called “PKbad”—with a PKeffect < 5.40. Then the two groups
were compared using the average values of their Fourier analyses and
the Brain Synchrony calculation of each of their 91 correlations.
Results are shown in Figure 5.

Figure 5. The top graph shows the Fourier analysis of two groups (PKgood & PKbad):
We see that the PKgood group shows more intense Beta and Gamma
activity (from 15 to 42 Hz). The bottom graph shows, in decreasing order,
the 91 Brain Synchrony values of the two groups: We see that the PKgood
group has a lower average value.
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The graph relative to the Fourier analysis (top graph) shows that
the PKgood group displays, in a statistically significant way (see Table 2),
a more intense Alpha, Beta, and Gamma (15–42 Hz) activity compared
with PKbad. The PKgood group also shows an average Brain Synchrony
value (of correlations between all 91 electrode pairs) that is lower
than that of the PKbad group. Furthermore, when Brain Synchrony
was calculated only on the eight fronto–temporal EEG locations, the
difference became statistically significant with p < 0.025 (Figure 6).
TABLE 2
Results from the PKgood and PKbad Groups in the Different EEG Bands
and the Two Types of Synchrony
Frequency Band

PKgood

PKbad

Student’s t Probability
(one-tail)

Delta (1–4 Hz)

27.2 SD = 3.2

28.22 SD = 3.5

t = 0.92

n.s.

Theta (4–8 Hz)

19.5 SD = 2.4

18.3 SD = 2.8

t = 1.42

n.s.

Alpha (8–12 Hz)

20.8 SD = 2.9

18.9 SD = 3.6

t = 1.80

p < 0.05

9.3 SD = 1.7

8.1 SD = 1.9

t = 2.05

p < 0.025

General Synchrony

37.9 SD = 7.3

43.2 SD = 11.5

t = 1.71

p < 0.05

Frontal Synchrony

41.1

47.1 SD = 10.2

t = 2.10

p < 0.025

Beta & Gamma (15–42 Hz)

SD = 7.3

Figure 6. The PKgood group displays a lower Synchrony value compared with the PKbad
group, especially in the fronto–temporal locations (AF3, AF4, F7, F8, F3, F4, Fc5, Fc6).
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Neurophysiological Interpretation of Observed Differences
Generally, in the literature, for example in Adewale and Panoutsos
(2019) and Roy et al. (2016), the increase in EEG activity in Theta, Beta,
and Gamma ranges is associated with an increase in mental workload,
while Alpha activity depends on circumstances. The observed decrease
in the PKgood group’s Brain Synchrony can also be associated with an
increase in mental workload, in other words more intense attention
and effort toward a mental task, in this case being the attempts at
influence on the RSG to obtain more frequent beeps. As mentioned
above, it is difficult, if not impossible, to compare Brain Synchrony (or
Coherence) data in the literature because of the logical–mathematical
methods used, which strongly differ among studies; however, it seems
reasonable to conclude that the PKgood group obtained better results
because the participants put in greater mental effort in the influence
attempt on the RSG, producing greater mental work.
Also, in a study by W. Giroldini (2020) dedicated to NeuroMarketing and titled “EEG global response to videoclips and NeuroMarketing,”
which is based on the same analysis methods used in this work, the
EEG activity of many subjects was recorded both before and while
watching videos, requiring attention and mental effort: The results
were perfectly commensurate with those presented in this work. It was
found that during the viewing of these videos there was a reduction in
Brain Synchrony and a significant increase in activity within the Theta
and Gamma ranges, while activity in the Alpha range decreased a little.
In particular, if subjects have their eyes closed (such as in this study’s PK
tests), the Alpha signal may increase, whereas when watching a video
with eyes open the signal in the Alpha band normally decreases.

Analysis of the ERPs (Event Related Potentials)
Participants in the study would hear a short beep each time the
RSG’s output signal exceeded, in absolute value, the pre-determined
threshold. Each short auditory stimulus, like a beep, had a corresponding
characteristic ERP (Event Related Potential) well-known and described
in the scientific literature and commonly used in Neurology. The EEG
signals were filtered in the Alpha band (8–12 Hz) and therefore the timelocked epochs corresponding to the beeps were mediated according to
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the standard procedure for obtaining participants’ ERPs.
To then obtain the average ERP of many participants, instead of
just calculating the simple average of EEG signals (using the stimulus
start as a reference point)—with its resulting effect of partial reciprocal
cancellation due to time lags between the ERPs of different subjects—we
preferred to use signal power (which does not have this disadvantage)
according to the following formula:
N

ERP= ∑ S ( x )

2

i= 1

S(x) is a temporal window (x = samples index) synchronized with a
single beep and extracted from each channel of one session, and N is
the number of beeps (and therefore of ERPs). The temporal window is
4 s, with a stimulus (labeled 0) after 1.5 s. The global result (Figure 7)
shows a totally normal auditory ERP.

Figure 7. Global auditory ERP of all 38 participants. The acoustic stimulus (beep) was
given at time zero. We see the typical response peak after about 260 ms,
followed at first by a dimming of the EEG signal strength and then by a
return to base level after about 1 s.

Nonetheless, the simple average in Figure 7 derives from acoustic
stimuli separated by lags ranging from 0.78 s up to many s. If we add
together ERPs separated by less than 1 s, inevitably the tail of one ERP
is added to the next ERP. Indeed, if we add up only the ERPs separated
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from each other by less than 1 s, we get the graph in Figure 8.

Figure 8. Adding up ERPs separated from each other by less than 1 s, we clearly see
the preceding ERP during the pre-stimulus phase.

If instead we add together all the ERPs with separation > 1.2 s, we
get the graph in Figure 9.

Figure 9. Graph obtained by adding together ERPs separated by at least 1.2 s.
Immediately before the stimulus, we see a peak, indicated by the arrow.

In this graph, in the pre-stimulus period just before the stimulus
itself, we see a peak (indicated by an arrow) which remains even when
the stimuli are separated by more than 2 s. We see this pre-stimulus
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peak by filtering the EEG signals in the 8–12 Hz band (Alpha) and 12–15
Hz band (called Sensory–Motor).
Finally, as a control study, 13 sessions were carried out, each
with 480 beeps and two participants chosen from the PKgood group:
The auditory stimuli were administered in the same way (through
headphones) and were identical in intensity, duration, and number to
those in the main study. They were, however, randomly separated from
each other, by means of a program based on a pseudo-RNG generator,
with intervals of 2 to 3 s inclusive. The participants were well aware of
being unable to modify in any way the temporal distribution of beeps
and were therefore asked to passively listen to the sequence (Figure 10).
The result of this short control series is shown in Figure 9, with

Figure 10. A series of 13 control sessions with 480 beeps administered to two
PKgood participants using a software based on pseudo-RNG, showed no
peak before the ERP.

EEG signals filtered in the 8–12 Hz band, which shows no pre-stimulus
peak. The pre-stimulus peak is not, at this stage, attributable with any
certainty to any precise cause and could simply be an unimportant
statistical anomaly. Naturally it would, however, be very interesting if it
were a small effect of an activation of the participant’s brain about 0.2 s
before he/she elicits a PK effect on the RSG, which produces a Peak and
therefore a beep leading to an acoustic ERP.
Prinz (1997) writes: “There are certain products of perception on
the one hand and certain antecedents of action on the other that share
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a common representational domain” (see also Melnik et al., 2017). We
could perhaps theorize that the desire to ‘hear more beeps’ generates
neural activity similar to that associated with a voluntary action (e.g.,
muscular), but prior to it. This effect that precedes voluntary action
usually occurs exactly within the 8–15-Hz range, i.e., in the Alpha and
Sensory–Motor range. On the other hand, if we filter EEG signals from
this study in a range like the Delta–Theta (between 1 and 8 Hz, and with
ERPs separation > 1.2 s), we don’t see any pre-stimulus peak, only the
normal ERP.

CONCLUSIONS
This exploratory study suggests that when the cerebral activity (via
EEG) of a person attempting to mentally influence a random signal
generator, and the RSG’s signal itself, were simultaneously recorded,
we see not only that the PK effect on an RSG is possible, but also
that it could be associated with specific cerebral psychophysiological
variations. Of special interest is the emergence of EEG characteristics
consistent with substantial mental effort during the intent to influence
the RSG. The potential for this new research field is broad and is worth
independent replication.
Finally, it is worth highlighting the, for now, only circumstantial
existence of cerebral activation preceding the post-beep resulting ERP.
If this cerebral activation before a Peak generated by mental action on
the RSG were to be confirmed, it would be an important step forward
in the understanding of mind–matter interaction.
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Abstract—The work reported here is a rigorous conceptual replication of
the so-called “Correlation-Matrix” experiment by an independent author.
The experiment has been built from scratch with new hardware and software, testing 200 participants who have spent about half an hour each
trying to ‘influence’ a physical random process visualized for feedback.
The analysis software has been conceptualized following a strict blind
analysis protocol. Blind analysis is a more rigid form of pre-registered
analysis, in which the complete analysis software is written and tested
before the data are actually analyzed for the effect under study. The unblinding of the analysis, also called the ‘opening of the box’, of the experiment described here was performed live at the Parapsychological
Association convention in 2019 in Paris. The main result was found not to
be statistically significant and fell well within the expected random distribution of possible results. A second experiment, also following a blind
analysis protocol, included questionnaires that were correlated with the
participants’ performance to ‘influence’ the physical random process (the
main psi task). This yielded a probability of p = .06 to have occurred by
chance, under a null hypothesis. A post hoc analysis of the hit rate for
the psi task across all participants, which is mathematically independent
from the correlation analysis, yielded a probability of p = .06 as well, to
have occurred by chance. Three unexpected anecdotal incidents that occurred during the execution of the experiment and the testing and actual
analysis of the data may add to the canon of oddities and trickster-like
effects sometimes reported in parapsychology research.
Keywords: mind–matter, entanglement, parapsychology, Correlation Matrix

28 8

Hartmut Grote

INTRODUCTION
Mind–matter interaction or micro-psychokinesis (PK) experiments
have a long tradition in parapsychology and, due to inherent difficulties
in these experiments, often have become more complex in their nature
over the years. One of these more complex developments was to use
correlations between psychological variables of a human agent with
actual physical variables of a system. For example, instead of looking
for an aggregate deviation from randomness, one would correlate the
output of a random number generator (RNG) with psychological traits
such as belief in parapsychological phenomena, or others. An additional
level of complexity was introduced by Walter von Lucadou by using
many such correlations between different psychological and different
physical variables within one experiment. Arranging all the resulting
correlation factors in a matrix, he called this type of experiment the
“Correlation Matrix Method” (CMM) (von Lucadou 1986, 1991, 2006). To
evaluate statistical significance of a potential psi effect, all correlation
factors in the matrix have to be evaluated together, as an ensemble.
The idea of the CMM method was created in conjunction with
the hypothesis that psi may act in the form of correlations, rather than
in the form of a causal signal transmission. In an analogy to physics,
such hypothetical entanglement-like correlations could not be used to
reliably transmit information, which would make it unpredictable where
in a given PK-type experiment significant correlations would show
up. Thus, the combined result of many correlations is evaluated in a
CMM-type experiment, without predicting or expecting any particular
correlation to show significance. In essence, this is a multiple-analysis
technique. The idea of a CMM-type experiment has also been related
to the theoretical backgrounds of Generalized Quantum Theory (Filk &
Römer, 2011) and the model of pragmatic information (von Lucadou,
1995).
Von Lucadou performed three such CMM-type experiments and
reported statistical significance for each of these (von Lucadou 1986,
1991, 2006), which has led lately led to a new replication involving
von Lucadou and other researchers (Walach et al., 2020). There has
been some debate about a statistically correct method to evaluate the
significance of the ensemble of correlation factors in the matrix.1 At
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present, empirical methods (based on permutations and/or simulations
of data) to estimate the statistical background distribution, as proposed
and applied by Grote (2015, 2017), seem to be the only viable method.
The reason for this is that in virtually all correlation matrix experiments
performed to date, there are strong correlations between the
psychological variables obtained, which renders all analytical statistical
methods, which usually rely on statistical independence, invalid. The
work by Walach et al. (2020) has followed this empirical approach to
estimate the statistical significance and obtained less significant results
than were reported by von Lucadou (1986, 1991, 2006).
In his two earlier experiments (von Lucadou, 1986, 1991), von
Lucadou used questionnaires to obtain psychological variables before
the physical variables, derived from RNG output, were obtained. In
his later experiment (von Lucadou, 2006), as well as in the replication
(Walach et al., 2020), this design was changed to using the choice of
button pushes by the participants as psychological variables. These
variables from button pushes were obtained during individual runs
(see details below) and correlated to physical variables from RNG
output of earlier runs, the same run, and later runs. The correlation
of psychological variables to physical variables (which are presented as
feedback to the participant and thus may influence the psychological
variables) from earlier runs and the same run has led to some controversy about possible causal correlations. While there seems to be no
hint of causal correlations in the data of the experiments described by
von Lucadou (2006) and Walach et al. (2020), it seems more prudent
to use only psychological variables that have been obtained before the
physical variables, if truly non-causal correlations are to be elucidated
and investigated.
In the study reported here, the choice was made for a ‘buttonpush’ scheme, as in the studies by von Lucadou (2006) and Walach
et al. (2020), but to only use psychological variables obtained before
physical ones for the main analysis. We call this ‘Experiment 1’ of
this study, as submitted to the Bial Foundation. In addition to this
experiment, each participant was asked to fill out a questionnaire
before the apparatus-phase of the experiment. The questionnaires
were planned to be correlated with the main RNG output across all
participants, which we call ‘Experiment 2’.
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While Experiment 1 described here is a close conceptual replication of a CMM experiment facilitating the basic experimental design
as used by von Lucadou and others, some notable differences will
be pointed out. Experiment 2 is a conceptual replication of the work
reported in Jolij and Bierman (2019).

METHODS
Experimental Apparatus
The experimental apparatus has been designed and built by the
author of this study. The choice was made to build a new, dedicated
hardware device rather than using a standard computer, to give the
experiment some feeling of uniqueness. The device consisted of a case
made of wood and metal, with a small (7-inch) high-resolution video
screen and four dedicated push buttons, as shown in Figure 1.

Figure 1. The experimental apparatus. The video screen shows an arrow the
direction of motion of which was to be ‘influenced’ by the participant,
while being driven by true random events.

Random Event Generator
The apparatus featured a new hardware random number generator
developed by the author. The source of randomness was based on the
thermal noise of two electrical resistors in a differential and shielded
configuration that minimized coupling of environmental fluctuations
to the noise currents of the resistors. Binary integer numbers of 16-bit
lengths (called random Words) were obtained by 16 subsequent analogto-digital conversions of the noise current with 10-bit resolution. Each
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of these 16 conversions produced one bit by using only bit 7 of each
sample, to be used as one bit of the 16-bit–long Word. To validate the
quality of the random Words, they were scrutinized with Marsaglia’s
‘die-hard’ suite of tests (Marsaglia, 1995). No suspicious deviation from
randomness was found.
To generate random events for the purpose of the experiment,
a new random Word would be drawn when required and compared
with the previously drawn random Word. If the new Word was larger
than the former, a logical ‘1’ was defined as outcome. If the new Word
was smaller than the former, a ‘0’ was defined. The procedure would
be repeated in the unlikely event that the Words would be equal. This
procedure is similar to a 1-step Markov chain and is the procedure that
was used for the experiments described in von Lucadou (2006) and
Walach et al. (2020). (Those experiments used single samples of noise
of a Zener diode as inputs to the Markov chain.) We call the resulting
bits ‘Markov bits’ or ‘random events’.

Two Types of Random Events
For about half of the participants of the experiment, the above
procedure was used to generate Markov bits in real time, at the time
they were needed to progress the experiment. We call these bits RT-bits
(Real Time). For the other half, the above procedure was modified in
two ways: First, the random Words from the RNG were modified with
an XOR operation with random (16-bit–long) Words from a pseudoRNG algorithm (Mersenne Twister, Matsumoto & Nishimura, 1998),
which was seeded with independently drawn random Words at the
start of the experiment. Second, the full sequence of Markov bits was
generated (using the XOR modified random Words) at the start of the
experiment and then stored in the memory of the control computer.
Data were read from this sequence when they were needed to progress
the experiment at later times, typically over a period of 15–30 minutes
after their generation. We call bits generated in this way XPR-bits
(XOR’d and Pre-Recorded).
The split in these two types of random events was introduced to
possibly test any result against these seemingly different sources of
randomness. The XOR operation with a pseudo-RNG stream would
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test whether effects are robust against different complexity levels of
the RNG, while the pre-recording aspect would test if correlations
work ‘backwards in time’, also referred to as retrocausation. Work by
Schmidt and others has mostly led to the hypothesis that neither of
these modifications would affect results (Schmidt, 1976, 1987).
The analysis for Experiments 1 and 2 as defined in the preregistered blind analysis protocols did not make use of the distinction
between the two RNG types, but the split was used in a secondary
analysis, which was also performed in a blind, but not publicly preregistered, way.

Experimental Sessions
The sequence and tasks of the experimental sessions were very
similar to the experiments as reported by von Lucadou (2006) and
Walach et al. (2020), but the apparatus was novel, as reported above.
For each experimental session, a participant was first instructed
about the general goals of the study, with the opportunity to ask
questions. The study had been approved by the ethics committee of the
Max Planck Society in Germany, and each participant signed a consent
form allowing the anonymous use of their data.
In a next step, each participant was asked to fill out a 2-page
questionnaire, comprising 50 questions to be answered on a 5-point
Likert scale. After this was completed, the participant was guided to
the experimental apparatus located in a separate room on a desk in the
given localities.
The participants were then asked to press a button to start the
experiment. Upon this button press, the control computer would
decide randomly (using the comparison of two random words)
whether to use RT-bits or XPR-bits for this participant. The participants
did not know of the two different bit-generation modalities, and the
experimenter (the author) did not know which bit type was determined
for each participant until removal of the blind condition.
A test run was then performed in the presence of the author
(who was the sole experimenter for all participants), with the author
explaining the conducting of the experiment on the hardware device.
After this procedure, each participant was left alone in the room to
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perform the main experiment in their own time.
The participant had the task of trying to ‘influence’ the displayed arrow (see Figure 1) to move more in the direction that it was
pointing to, either to the right-hand or to left-hand side, or to keep
it in the middle of the display, when it was pointing down. A typical
experimental session consisted of 9 ‘runs’ for each participant. For
each run the participant was asked to use the left and right hand to
push a button with either hand, respectively (there was a button for the
left hand and a button for the right hand). The possibility of pushing
both buttons at the same time was left open and not deliberately mentioned. Each participant then had the task of pressing the buttons at a
time of their choice with each button push triggering the generation
of an RT-bit at that time, or the reading of an XPR-bit from memory.
The obtained bit determined the direction of motion of an arrow in
the display (right or left) by one step of fixed size. Each button push
was accompanied by a ‘cheering’ sound when the arrow moved in
the intended (intention according to the instruction given) direction
(a hit), and by a less pleasant sound when it moved in the opposite
direction (a miss). When a new record position of the arrow to the right
or left was achieved within a run (with a minimum of 3 steps to either
side), a longer ‘cheering’ sound from a cheering group of people was
played back, intended as a particular reward. The auditory feedback was
novel in this experiment, with the intent to strengthen the feedback
experience.
The condition of the arrow to point right, down, or left was given
in each run, thus setting the nominal intention of the participant
deliberately for each run. Each of the three conditions (right, middle,
left) occurred 3 times, for a total of 9 runs. A run would be finished after
80 button presses and a new run would be started by the participant at
will, upon the pressing of a third (yellow) button.
After each run, short feedback was given in the form of a text (as
in von Lucadou, 2006) and in the form of the achieved hit scores (for
the right and left conditions combined). After the 9 runs a summary
feedback was given in form of a text as well as the total hit score and
the information that the experiment had now finished.
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Data Recording
For each button press (80 per run), data were stored on the nonvolatile memory of the control computer, namely:
— which button was pressed (left or right or both)
— the time of the button presses, with a resolution of less than 1
millisecond
— the raw, 16-bit–long Word from the 16 AD samples (for RT-bits)
or the 16-bit–long Word from memory (for XPR-bits)
In addition to this, three 16-bit–long Words, and correspondingly
three derived bits, were stored as control data that were sampled
approximately 1 ms before (1x) and 1 ms and 2 ms after (2x) the
experimental sample as described above. These data were not planned
to be used in any analysis, but to be used for consistency checks, as
reported below.

Pre–Data-Taking Registration
The code running on the computer of the experimental apparatus,
the feedback audio files, test random data, as well as the consent form
and the questionnaire, have been pre-registered, prior to data-taking,
on the open science framework platform and are publicly accessible at
https://osf.io/cgf4k.

Participants
Participants were recruited from different pools. A total of 200
participants, the pre-planned number, completed the experiment in the
period from December 2017 to May 2019. Of these, 75 were recruited
from the general population in the Santa Fe area in New Mexico, USA,
and performed the experiment at Mountain Cloud Zen Center in Sante
Fe. 48 participants were drawn from a student population of various
fields of study in Freiburg im Breisgau in Germany. They performed the
experiment at the IGPP institute in Freiburg. A further 56 participants
were recruited and tested in Berlin and Hannover in Germany, and
the remaining 21 participants were recruited and tested in Oxford and
Cardiff in the UK.
The average participant age was 45.6 years with a standard deviation
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Figure 2. Age distribution across participants.

of 17.5 years. 78 participants reported as male and 122 as female. Figure
2 shows the age distribution of all participants.

Blind Analysis Protocol
Blind analysis is a strict form of a pre-defined analysis and
is increasingly used in fields such as medicine and physics (Klein &
Roodman, 2005) to prevent bias in the analysis procedure of a dataset.
While the social sciences and psychology use blind analysis less,
these fields may often benefit from it (MacCoun & Perlmutter, 2015).
Potential bias in the data-analysis of parapsychological experiments
has been discussed by Bierman et al. (2016) and Wagenmakers et al.
(2015), among others.
In blind analysis, not only is the analysis plan pre-registered, but
also the complete analysis algorithm, typically a computer program,
which is written, fully debugged, and tested before the experimental
data are analyzed for the effect under study. This ensures that detailed
questions of the analysis that can affect the result (but that may show
up only during the performance of the actual analysis) have to be
decided beforehand, and any bugs associated with the analysis can be
dealt with without introducing biases. In particular, during the ‘blind’
phase of the analysis development and testing, either artificial data are
used, or the real experimental data is used, but in a disguised, i.e.,
blinded, form. The latter can be achieved conveniently in correlationtype experiments (such as this one) by permuting the association of
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psychological to physical variables between different participants. This
was chosen for the development of the blind analysis codes for this
experiment.
The analysis for this experiment had been specified and tested
during the data acquisition phase. In particular the data had not been
looked at or analyzed in any way before the unblinding, in agreement
with the blind analysis protocol. The analysis of the experiment had
been implemented in software (Matlab) as outlined below. The analysis
code, as well as all the experimental data, have been pre-registered and
are accessible at https://osf.io/xwhn6 for Experiment 1 and at https://
osf.io/cj8kd for Experiment 2.
For Experiment 1, the data-analysis procedure closely follows the
way the data was analyzed for the latest experiments described in von
Lucadou (2006), except for the evaluation of statistical significance of
the matrix of correlation factors (which was performed as outlined
below). The choice of variables resembles the choice of the experiment
reported in Walach et al. (2020), with the exception that one of the
psychological and physical variables each was replaced with new ones,
as indicated below.
From the data recorded during the experiment (see above), the
following five psychological and five physical variables were computed
for each run:
Psychological variables:
— Number of left button presses
— Number of both button presses (simultaneous left and right)
— Number of times button (left or right) changed (this is a new
variable not used before)
— Mean time between button presses
— Standard deviation of time between button presses
Physical variables:
— Number of hits (arrow moved in the intended direction). For
the middle intention runs this was the negative number of
steps away from the middle.
— Cumulative number of steps away from target
— Auto-correlation
— Number of cheer sounds (this is a new variable not used before)
— Standard deviation of the 80 raw random generator numbers
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The 5 psychological and physical variables from the nine runs
yielded 45 psychological and 45 physical variables that were correlated
against each other to yield 45 x 45 = 2,025 correlation factors. Each
correlation factor was calculated across all participants. As mentioned
above, for the main result of this study, only those correlations were
considered that were based on time-forward correlations, i.e., only
correlating psychological variables with physical variables from a later
run. This resulted in 900 correlation factors remaining. While von
Lucadou prefers to use all correlation factors, this author prefers the
set reduced to time-forward correlations (i.e., psychological variables
obtained before physical ones), to principally exclude the possibility of
feedback-induced causal correlations as discussed above.
After the matrix elements (the correlation factors) were obtained,
a single test statistic was calculated for the matrix, combining all
individual correlation factors. For the analysis described here, the absolute values of all correlation factors in the matrix were cubed and
then the mean value of these cubed factors was computed. This way of
analyzing the data is different from the method used by von Lucadou
(1986, 1991, 2006) and Walach et al. (2020): They used the number of
‘significant’ correlations in the matrix as the test statistic. That method
has the potential disadvantage, though, that not all matrix elements
contribute to the result. Analysis of existing matrix experiments with
both test statistics (performed by this author) show that the mean sum
of absolute correlation factors cubed seems to be at least ‘as good’ as
the alternative used by von Lucadou, i.e., yields results that are at least
as significant. This was tested on the data of the experiment reported
in Walach et al. (2020). A similar test statistic has been used by Jolij and
Bierman (2019), using the mean of squared correlation factors.
After determining the test statistic, in a second step the statistical
significance of the obtained value was evaluated. This was done by
empirically estimating the statistical background distribution (i.e.,
the expected distribution of results from an ensemble of many
random representations of the experiment) using permutations of the
psychological variables of participants against the physical variables of
other participants. The test statistic for the unpermuted data (the main
experimental result) was then compared to the distribution of test
statistics from the permuted data. A p-value was calculated by dividing
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the number of higher test statistics (higher correlations) by the total
number of test statistics obtained for the background. A one-sided
hypothesis was used that the experimental data without permutations
would show more and/or stronger correlations than most test statistics
of the background distribution. The background distribution can also be
simulated using artificial data as an alternative method. If both methods
agree in their result, this can be taken as a strong argument for the
validity of the estimated background, as pointed out by Grote (2017).

RESULTS
Experiment 1
The above pre-registered analysis (Experiment 1) was unblinded
live during a presentation at the PA convention in Paris on July 6, 2019.
Figure 3 shows the main result against the background distribution that has been obtained by multiple permutations of the experimental dataset. The figure of merit falls well within the background
distribution with p = 0.76. The three control datasets obtained shortly

Figure 3. The main result obtained during the ‘opening of the box event’ at the 2019
PA convention. The graph shows the statistical background distribution
obtained with 10,000 permutations of psychological vs. physical data
(blue columns). The x-axis denotes the mean of all absolute values of
cubed correlation factors in the matrix. The y-axis denotes the number of
occurrences within the 10,000 permutations. The red vertical line shows
the unpermuted experimental data. It falls well within the background
distribution with a statistical value with a one-sided p-value of p = .76.
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before and after the experimental data (given in this order) also fall
within the background distribution with p-values of p = 0.22, p = 0.74,
and p = 0.08, respectively (not shown in the graph).
Figure 4 shows the correlation matrices for one of the control
datasets (top graph) and for the main experimental data (bottom graph).
Notably, there seem to be more correlations close to the diagonal in

Figure 4. Correlation matrix for a control condition (top graph) and for the experimental results (bottom graph). The color code denotes the cubed absolute
correlation factors (times 10,000 in units of the color code scales to the
right of the graphs). Higher correlations can be observed close to the
diagonal of the experimental matrix on the bottom graph. These are very
likely causal correlations, which in any case had been excluded from the
preplanned main statistical analysis.
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the experimental data matrix on the bottom graph. These are very likely
due to causal correlations and are excluded from the main statistical
analysis, which uses only the upper right part of the matrix.2
However, when including the full matrix in the analysis, including
the diagonal elements, the figure of merit of the experimental data
results in a probability of p = 0.17 to have occurred by chance under a null
hypothesis. So even when including the potential causal correlations,
the result is not significant.
When splitting the main analysis (for the upper matrix) into the
two types of random data used, the p-values are p = 0.5876 for the
real-time random data (RT-bits), and p = 0.4321 for the XOR’d and prerecorded random data (XPR-bits). This result is commented on below.

Experiment 2
The analysis for Experiment 2 (the correlation between questionnaires and psi task) was unblinded in the sole presence of the author
on September 15, 2019.
Figure 5 shows the result against the background distribution that
has been obtained by multiple permutations of the experimental dataset.

Figure 5. Result of Experiment 2 as obtained during the ‘opening of the box’. The
graph shows the statistical background distribution obtained with 10,000
permutations of psychological data of the questionnaires (50 variables)
against physical data of the psi-task (1 variable). The x-axis denotes the
mean of all (50) squared correlation factors. The y-axis denotes the number
of occurrences within the 10,000 permutations. The red line shows the unpermuted experimental data. It results in a one-sided p-value of p = .064.
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The figure of merit falls slightly to the right side of the background
distribution with a probability of p = 0.064 to have occurred by chance
under a null hypothesis. The three control datasets obtained shortly
before and after the experimental data fall within the background
distribution with p-values of p = .61, p = .53, and p = .19, respectively (not
shown in the graph). When splitting this analysis into the two types of
random data used, the p-values are p = .1448 for the real-time random
data (RT-bits), and p = .1678 for the XOR’d and pre-recorded random
data (XPR-bits). This difference apparently is insignificant.

Post Hoc Analyses
Since one emphasis of this study was to use a blind analysis
protocol, no particular post hoc analysis was planned. However, blind
analysis does not exclude post hoc analysis in principle, which can
range from consistency checks to exploratory analysis in search for
novel effects in the data. Blind analysis just helps to draw a very clear
line of distinction between preplanned and post hoc analyses.
Triggered by the first of the additional observations as reported
below, it was decided to calculate the simple psi-task related outcome
of how successful the 200 participants were in ‘shifting’ the arrow in
the display in the instructed left or right direction. It was found that
the participants were ‘successful’ in the intended direction (hits)
with a surplus of 138 bits out of N = 96,000 trials (200 x 6 x 80). This
corresponds to a probability of p = 0.064 (one-sided) to have occurred
by chance under a null hypothesis. Note that the standard deviation
(SD) for the underlying Markov chain is SD = sqrt(N/12) and not the
usual SD = sqrt(N/4) as for independent random bits (see von Lucadou,
1986). Also note that the numerical value for this probability (.064) is
the same as the above reported for the correlation analysis. This is pure
coincidence, since the underlying degrees of freedom are completely
independent in both cases (!).
The split analysis for the two types of random data (for the above
analysis) yielded p = .111 for the real-time data and p = .107 for the
XOR’d and pre-recorded data. Apparently, both of these contributed
about equally to the combined result.
Another post hoc analysis was to run the analysis for the second
experiment, also using the absolute value of correlation factor cubed,
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instead of squared. The result was exactly the same, i.e., a p-value of p
= .064. This nicely demonstrates the robustness of this figure of merit
(at least for these data).
Further, the 50 psychological variables of the questionnaire were
also correlated with the 5*9 physical variables as used for the analysis
of the main experiment. This more resembles the way the data was
analyzed for the early CMM experiments, as by von Lucadou (1986,
1991). The result was not significant with a p-value of p = .647.

SOME ADDITIONAL OBSERVATIONS: TRICKSTER AT WORK?
I would like to report here three occurrences that happened
around the execution of the experiment and the testing and execution
of the analysis, that I found quite remarkable. I would not classify these
as ‘post hoc’ analyses, but rather as observations that occurred, without
deliberately looking for them.
The first occurrence was the experimental result of an 8-year-old
boy, who performed the experiment as the only person other than the
regular cohort of 200 participants. Since the experiment required the
filling out of a questionnaire and the signing of a consent form, it was
only suitable for adults. However, during my presence at the house of
his parents, the boy insisted on performing the experiment. So I let him
have his way, while deciding that his data would not enter the analysis.
At the end of his session, the boy had reached the most extreme result
of the main psi task (the number of hits), compared with all 200 other
participants. His total score was –19 with a two-sided probability of
this or a more extreme result to have occurred by chance (under a
null hypothesis) of p = .0038. Obviously, if 200 participants do such
an experiment, the occurrence of one such result is not surprising at
all. The surprise lies in the fact that this result was obtained by the only
non-regular performer of the experiment, who happened to be a child.
The second occurrence was related to the differential analysis,
comparing the experimental results for the two cohorts of data using
either the real-time RNG (RT-bits) data or the XOR’d and prerecorded
RNG data (XPR-bits). This code for this analysis was tested using
artificial pseudo-random data generated with Matlab. The first three
tests of this analysis code yielded p = .06, p = .95, and p = .0003 for the
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results (or more extreme ones) to have occurred by chance. As a sort
of memo, Figure 6 shows the last result as it was first obtained. The
‘p = 0’ result of this test came from the limited number of permutations of n = 1,000 used for estimating the statistical background of the
test data. In a subsequent run using n = 10,000 permutations for the
same test data, the more accurate estimate of p = .0003 as reported
above was obtained. The combined p-value for the three extreme results
is of the order p ~ .0001. Further tests with new artificial data converged
to a uniform distribution of p-values as expected. So while this was a
test run for the analysis code, subsequently nothing was found wrong
with the code. Given this expected performance of the analysis code,
I found the initial results quite surprising. Similar surprises had been
encountered in other work reported by Grote (2017).

Figure 6. Result of third test run for the split RNG analysis. The author was struck
by the extreme result, with subsequent results converging to the expected
uniform distribution.

The third occurrence was related to finally performing the
differential analysis on the unpermuted data, once the testing of the
code for the split RNG analysis had been completed. Figure 7 shows
the two histograms of background distribution and the results for the
two random event groups. After I had first produced the graph on the
top, I thought that the composition of digits of the obtained p-value of
p = .5876 looked ‘funny’, like a sequence of numbers after the decimal
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point, though shifted by one digit. While briefly wondering about this, I
produced the graph on the bottom next, which, to my surprise, resulted
in a p-value of p = .4321. Note that these two p-values are completely
independent of each other, since they represent the data of the main
experiment, split into two independent groups, according to which
type of random event was used.

DISCUSSION

Figure 7. Result of the main experiment as split for the two types of RNG data
used: Using the real-time data (top) and the XOR’d and prerecorded data
(bottom). The author was struck by the ‘funny’ numbers of the estimated
probabilities.
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Each reader may draw their own conclusions, but the experiments
and their results reported here may merit discussion of several topics:
1) The conceptual replication of a CMM experiment using a blind
analysis protocol; 2) The conceptual replication of a CMM-similar experiment correlating questionnaires with a single psi task, also using a
blind analysis protocol; 3) A post hoc finding of marginal significance
of the main psi task and its relation to the replication problem and
the idea of the CMM experiment; 4) Trickster-like properties of the
experimental outcomes and incidental observations; and 5) some
thoughts about future research.
1) The conceptual replication of the CMM-type experiment of
the type performed before (von Lucadou, 2006; Walach et al., 2020)
(Experiment 1 as reported above) has yielded no evidence of anomalous correlations. While the methodology of using blind analysis was
slightly stricter than the methodology in von Lucadou’s and Walach et
al.’s experiments, I do not believe that this was a decisive factor in this
outcome. If we do not question the positive results reported by von
Lucadou (1986, 1991, 2006) and Walach et al. (2020), I would interpret
the null result of the experiment reported in this study as either the
result of a decline of effects in repeated parapsychology experiments,
or as a sign that I am not a very psi-conductive experimenter (at least
for this experiment). The latter would pertain to the hypothesis that
experimenters may have different levels of ‘psi-conductivity’, as has
been observed by different researchers. Both of these interpretations
touch upon profound problems in parapsychological research.
If experimenter-psi effects are taken into account (see Palmer &
Millar, 2015, for a more recent overview), then in addition one may
also consider the audience that observed the unblinding of the main
experiment during the presentation at the PA convention in Paris.
With some humor I would say I am a bit disappointed by the psi
performance of this particular, select audience in ‘influencing’ the
outcome of the main experiment. In a snap poll, about half of the
audience expressed the opinion that the result of the study was not
yet determined at the moment before the unblinding of the analysis,
leaving room for the audience to ‘influence’ the imminent outcome. In
their defense one may argue that the total person-hours of the audience
are significantly fewer (~100) than the person hours the author invested
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in this study (~600). This could provide a simple numerical measure of
a psi effort, while other concepts such as ‘involvement’ and ‘motivation’
are harder to quantify.
While the experimenter psi hypothesis is often neglected in
parapsychological research, perhaps to no small degree because it
renders research even more difficult in terms of reproducibility and
other factors, a correlation experiment seems to be particularly prone
to experimenter-psi, if it exists. This is because in a correlation experiment, no single individual participant can be ‘successful’ on his or her
own. The result of the experiment is always one (or many) correlation
factor(s) obtained across an ensemble of participants. For a single
participant the result would simply not be defined. The group of
participants can generate the effect under study only as an ensemble.
In this context, it’s completely unclear what the role of a ‘gifted subject’
may be. One can speculate that if experimenter-psi exists (and why
would it not under a psi hypothesis?), then a correlation-type experiment is particularly prone to experimenter-psi.
2) The second experiment in this study (Experiment 2), a conceptual replication of the work reported by Jolij and Bierman (2019), yielded
marginal evidence (p = .064) of anomalous connectivity—of the same
order of magnitude as found in Jolij and Bierman. It is worth noting
that this way of performing a CMM-like experiment is closer to the
early experiments of von Lucadou (1986, 1991) where questionnaires
were also used. I would not claim here that a new experimental
paradigm has been found, but rather make note that this is only the
first replication of the work by Jolij and Bierman, and effects may
decay in the future. Taking the marginal evidence seriously, another
interpretation would be that of a Trickster-like result, where the effect
went back to where it was found in the past, i.e., in the correlation
studies using questionnaires as reported by von Lucadou (1986, 1991).
Note though that only one physical variable was used in the planned
analysis presented here, and the correlation with all physical variables
was found not to be significant (as reported above).
If one is inclined to interpret the result of p = .064 as an anomaly,
it is interesting to note that no difference between the two types of
random source has been found, which implies that the result was
obtained including some level of ‘retro-pk’-like phenomenon (see
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for example Schmidt, 1976) and was also independent of the type or
complexity of random event generator (Schmidt, 1987).
3) The posthoc result of p = .064 (the same number as above,
but a different result!) for the main psi task of ‘influencing’ the left–
right direction of the observed arrow by the participants may be a
chance result, of course. It is remarkable though that such an effect
showed up in a place where it was not expected, since the whole CMM
idea was developed around the notion that psi would not act in a
‘signal-like’ fashion such as to ‘influence’ the outcome of RNGs in a
particular direction. If one interprets the observed p = .064 deviation
as the hint of an anomaly, then the whole history has come full circle:
An effect in a simpler RNG-PK ‘influence’ type of experiment was
observed, but not in the more complex CMM-type analysis. Again, this
has more of a Trickster quality than anything else. The CMM method
was an ingenious idea to reliably observe anomalous connections
in data by way of multiple correlations. However, we may be facing
Trickster qualities that will always be a bit more ingenious. This is a
conclusion that certainly would concur with J. P. Hansen’s analysis of
parapsychological research (Hansen, 2001), and that has also been
exposed by Kennedy (Kennedy, 2003).
4) Further to the Trickster-like observation in 3), the three reported incidental observations can be seen as pure chance and would
probably be dismissed and not be reported by most researchers,
certainly in mainstream academia. In the context of a psi experiment,
to me they had a very special quality, and I am more inclined to
interpret them as another Trickster manifestation: While psi effects
have been sought in a carefully planned and executed experiment, they
have been found at the edges of this endeavor, in unexpected places.
In addition to its Trickster quality, this sort of ‘displacement’ effect has
also been described as the ‘capricious’ or ‘unsustainable’ nature of psi
(see Kennedy, 2003, and references therein).
5) My main conclusion and suspicion is that the CMM idea will
not escape the replication problem in parapsychology. Another possible interpretation could come from dominant psi-experimenter
effects. Under a psi hypothesis, psi-experimenter effects need to be
taken seriously. This has been pointed out by many (see again Palmer &
Millar, 2015, p. 293, for an overview), but it still is not a theme frequently
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adhered to across the board. In addition to psi-experimenter effects, the
Trickster theme (which obviously would also play into psi-experimenter
effects) may be more ubiquitous than existing scientific literature would
make us believe.
The experiments reported here have spanned methodology from
the extremely controlled (blind analysis) to the anecdotal (subjectively
‘funny’ or surprising incidences), and I believe the full breadth of these
methodologies is needed to shed light on psi in the experimental
domain. Obviously, it would make not much sense now to propose an
experiment where we look for a Trickster effect, such as for odd statistical results when testing analysis code. This would lead to a regression ad
infinitum. In a sense this is what the CMM idea was trying. We may as
well continue to do so, but I believe it will be important to pay attention
to the more subjective qualities of such experiments as well. I strongly
think that experimental parapsychology research should be rigorous (to
not fool ourselves) and descriptive (in a subjective experience sense) at
the same time. A planned experiment then also resembles something
of a single case study in the field. This avenue has been less explored,
but the recent work by Herb Mertz is an excellent example in this
category (2020).

NOTES
1

2

The experiments published by Walter von Lucadou (von Lucadou
1986, 1991, 2006) had not taken into account internal correlations
between psychological variables and thus overestimated the statistical
significance of the results. The method proposed and applied by this
author, to use simulations or appropriate permutations to estimate
the statistical significance, was deemed ‘conservative’ by other
researchers (Walach et al., 2020), citing work by Calude and Longo
(2017). This author thinks citing Calude and Longo in this context
misses the point. The fact that (nearly) any correlations can be found
in a (nearly) infinite amount of data is unrelated to the question of
statistical significance.
When observing the correlations of psychological and physical
variables from the same run (the 9 times 5 x 5 pixels on the diagonal
of the matrix), the physical variables tending to showing higher
correlations are 1, 2, and 4, predominantly with psychological vari-
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ables 4 and 5. Physical variables 1, 2, and 4 are related to the ‘success’
of the participant, and psychological variables 4 and 5 are the mean
and variance of the times to press buttons. A causal explanation of
increased correlations may well be the longer time and variance
participants may have used for pressing buttons when being
‘successful’ and hearing more cheer sounds. (The cheering sounds
last longer than just the ‘success in intended direction’ sound.)
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Abstract—Meditation and visualization exercises have been found to
alter an individual’s mood and perception, and it is hypothesized that
these techniques will enhance one’s ability to anomalously influence the
function of a random event generator (REG) with the mind. This study
comprises a control experiment and a second experiment with the administration of meditation and visualization exercises. There was no
support for a significant deviation of the REG in the direction of the
participants’ volition in Experiment 1 (t(29) = –1.26, p = .22, two-tailed),
but results revealed a significant deviation in the intended direction in
Experiment 2 (t(29) = 2.66, p = .01, two-tailed). Moreover, comparisons
between cumulative deviations across both samples were found to be
statistically significant, suggesting that the use of meditation and visualization exercises might promote significant deviations (t(58) = –2.69, p =
.009, two-tailed). These analyses suggest that the use of meditation and
visualization techniques in experiments that study direct mental influence may be beneficial for finding anomalous effects.
Keywords: meditation, visualization, random event generator, direct
mental influence
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Discovery commences with the awareness of anomaly . . . with the recognition
that nature has somehow violated the paradigm-induced expectations that govern
normal science. It then continues with a more or less extended exploration of the
area of anomaly. And it closes only when the paradigm theory has been adjusted
so that the anomalous has become the expected. (Kuhn, 1970, pp. 52–53)

INTRODUCTION
Psychokinesis (PK) is the apparent direct manipulation of animate
or inanimate objects with the mind. It is a psi phenomenon, or a function
of the mind that is anomalous in nature, as it cannot be explained by
conventional science. There is a considerable amount of evidence that
supports the occurrence of direct mental influence. However, the extent
to which a person believes that physical manifestation can be affected
directly by the mind depends on her boggle threshold, or what she is
willing to accept as real (Barušs & Mossbridge, 2017). It is important
to note that our understanding of consciousness remains limited,
and this arguably will persist if the scientific community continues to
disregard the substantial evidence for anomalous phenomena and fails
to give it sufficient consideration.
The Princeton Engineering Anomalies Research (PEAR) laboratory
was developed to experimentally monitor direct mental influence
within a controlled setting with an array of electronic devices. Effects on
electronic devices are considered to be micro-PK. However, experiments
also were conducted involving people-sized events. For example, a 6by 10-foot random mechanical cascade was built to produce random
events as 9,000 polystyrene balls were released into a transparent box
filled with 330 perpendicular pegs; the polystyrene balls collected in
the 19 slots at the base of the box so as to form a normal distribution.
To test for the occurrence of direct mental influence, subjects were
asked to attempt to mentally deviate the normal distribution to the
left or to the right. A right-going intention run, a left-going intention
run, and a baseline run were combined to form a session, and a series
was composed of 10 or 20 sessions. The difference between left-going
intention and right-going intention was statistically significant over 87
series and there was a probability of less than 5 in 100,000 that results
occurred by chance (Dunne et al., 1988; Dunne & Jahn, 1992; Barušs &
Mossbridge, 2017).
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The Random Event Generator
The use of electronic devices can be traced back to the 1970s,
when Helmut Schmidt devised an electronic random event generator
(REG) based on radioactive decay as a mechanism by which to study PK
(Schmidt, 1971; Braud, 2003). There has been considerable REG research
since that time. A comprehensive review can be found in Chapter 6 of
Transcendent Mind by Imants Barušs and Julia Mossbridge (2017; see
also Walach et al., 2020; Mertz, 2020). The first experiment reported in
this paper mimicked the protocol developed in the PEAR lab. The REG
consisted of an electronic device that produced a binary signal based
on the reverse current across a diode. The output is set up in such a
way that it can be thought of as a sequence of pluses and minuses with
an equal chance of observing either a plus or a minus. The expected
mean is 100 when the REG is set to 200 pulses per trial. A number of
trials form a run, and a number of runs form a series. To test for the
occurrence of direct mental influence, participants are asked to attempt
to mentally deviate the randomly generated cumulative deviation
line displayed on a computer screen away from the expected mean
for a number of runs. The participant is asked to select a high or low
intention for each independent run, and successful deviations occur
when a participant’s intention matches the output of the randomly
generated line. Subsequently, the difference between the average
scores of high-intention runs and low-intention runs, within a series,
can be used to test for a statistically significant effect. Meta-analysis of
PEAR laboratory experiments using the electronic REG over a period of
12 years, with 91 individual operators, found significant deviations for
high–low differences in the intended direction (z = 3.81, p = 6.99 x 10-5;
Jahn et al., 1997). It is important to note that such anomalous effects
are not necessarily caused by direct mental intention, even though
we loosely talk about these experiments in that manner, but, in cases
where participants have sufficient freedom to select or initiate runs, it
could also be due to participants’ precognitive abilities to anticipate the
output from the REG.
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Psychological Parameters Affecting Direct Mental Influence
Jim Carpenter has theorized that the capability to affect physical
manifestation with the mind is a non-conscious ability, lying at the
boundary of one’s ordinary mental capacities and explicit awareness
and intention. The premise is that psi phenomena lie at the primary
stage of experience and that all experience, intention, and action
emerge from psi processes. Our non-conscious intentions are deemed
to be primary as these intentions function to help our psyche select and
understand the nature of our experiences, and to initiate a response
to those experiences (Carpenter, 2004). Correspondingly, in emotional
presentiment studies, certain networks of meaning and affect have been
shown to become aroused prior to sensory stimulation, indicating that
parts of our psyche appear to perceive a stimulus before it is present,
hence, regarding such perception as “first sight” (Carpenter, 2004). It
should be noted that the presentiment studies look at ESP and not PK
specifically; it may be plausible, however, that PK functions in a similar
manner to ESP (Carpenter, 2004). As psi processes are conceived to
function in a parallel manner to conscious processes, Jim Carpenter
(2004) has posited that direct mental influence in the intended direction
may be possible for individuals who can synchronize non-conscious
intentions with conscious intentions.
The mind apparently is able to appraise extrasensory information,
but tuning into relevant material, as well as maintaining intention
stability and turning away from irrelevant material, are important for
producing significant REG deviations. Conflicted intentions, on the
other hand, are believed to produce smaller deviations from chance
(Carpenter, 2004). If individuals are able to tune in to an experience
and accept the flow of events, it is believed that direct mental influence
in the intended direction will be facilitated. Contrarily, if an individual
is resistant to the flow of events, perhaps due to an underlying factor,
such as frustration or fear, effects in the unintended direction appear to
be produced (Carpenter, 2004). In an ESP study conducted by Carpenter
(1971), subjects were asked to perform an extrasensory perception
guessing task. Half of the targets were placed with emotionally evoking
material while the other half were placed with blank cards. The subjects
who were low in anxiety were able to accurately guess the targets that
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were placed with arousing material, indicating that these subjects
may have had an implicit interest in the emotionally evoking material
and, perhaps, were able to tune into its relevancy. The subjects who
were high in anxiety, however, psi-missed on the emotionally evoking
material and did not choose the targets with arousing material, almost
as if these subjects’ non-conscious intentions were to avoid a potentially
dangerous event (Carpenter, 1971). If PK processes are analogous to
ESP, this suggests that a certain level of openness and unattachment
may be necessary to tune into relevant material. In other words, if an
individual places too much emphasis on correctly completing the task
or performs an excessive amount of cognitive analysis, an effect in the
unintended direction may be observed.
While negative emotions tend to correspond with deviations
of the REG in the unintended direction (Carpenter, 2004), there is
research that supports that emotions, such as enthusiasm and feelings
of connectedness with the machine, have been related to successful
deviations. The case of Susan Padfield is an example of research
concerning emotions of connectedness (Barušs & Mossbridge, 2017).
Susan Padfield was able to influence the movement of a light mobile
in laboratory settings for multiple observers, and she indicated that she
felt as though she had merged with the mobile on a mental level and
was able to create its future state (Padfield, 1980). Perhaps, the ability
to maintain intentional stability is facilitated by positive emotions.
Similarly, Jahn et al. (1997) found that there was a commonality to
be found in PEAR lab experiments: The most successful operators
tended to describe the devices in anthropomorphic terms, describing
the machine as if having a bond with it or empathizing with it.
Certain individuals may also be more gifted or motivated to engage
psi abilities as a result of doing creative work, and this may be why
individuals who were high in creativity were also more likely to produce
significant evidence for psi in Ganzfeld telepathy experiments (Barušs
& Mossbridge, 2017). Furthermore, the fact that creativity may have an
impact on psi processes coincides with the belief that maintaining a
certain level of openness may promote direct mental influence in the
intended direction.
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Direct Mental Influence Without Intent
In the same way that the emotions and cognitions of subjects have
an effect in direct mental influence experiments, it is also important to
consider the emotions of others, and a possible experimenter effect.
In fact, some studies have shown that the REG appeared to deviate in
accordance with the emotional states of participants who were focusing
on alternative tasks (Broderick & Goertzel, 2014). The FieldREG is a way
of conceptualizing the output from the random event generator as a
single bit-stream to test for PK without directed conscious intention.
One way of thinking about such studies is to imagine that the FieldREG
can be influenced by a consciousness field that interacting participants
may generate (Nelson et al., 1996). Consistent with such ideas, Nelson
et al. (1998) discovered that there were significant FieldREG deviations
that correlated with the emotional engagement and enthusiasm
generated by participants while visiting several venues, including
ancient Egyptian sites and the New York City Opera. Intellectual
engagement, on the other hand, did not produce any significant effects.
As a second example, Jahn et al. (2006) studied the effects of a Japanese
healing technique on subjects in human–machine experiments and
discovered that the outputs of FieldREG data tended to display mean
shifts that deviated from what is expected by chance when there was
“a high degree of emotional resonance among the participants” (p. 2).
As a third example, Roger Nelson ran a FieldREG during a field trip to
watch a sunset across a lake. As the sun set, the participants became
silent and directed their attention to the setting sun. If the one-hour
segment bracketing the time of the sunset is regarded as a pre-defined
dataset, then the striking positive deviation of the FieldREG that was
noted during that timeframe had a probability of occurrence of p = .008
(Barušs, 2007).
Even though the direction of the deviation cannot be predicted
with the FieldREG, it appears that high levels of positive emotions tend
to correspond to directional deviations in REG functioning (but see also
Varvoglis & McCarthy, 1986). This leads to a question that we hoped
to answer: What exactly are the relevant parameters of such positive
emotions? In addition, we would like to know whether a participant’s
nonconscious and incidental influence on FieldREG functioning is
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correlated with the results of deliberate influence on REG functioning.
In this study we aim to investigate whether individuals who can produce
FieldREG deviations are also more likely to produce REG deviations for
intentional runs.

Meditation as an Aid
Any discussion of meditation needs to begin with the
acknowledgment of just how vast the meditation literature is and
how large the range of psychological and physiological states that
accompany meditation is (Barušs, 2020). In terms of regulating
emotion, Margolin et al. (2011) have noted that regular identification
with anxiety creates a barrier to experiencing peace and joy, and some
forms of meditation may be used to reduce this anxiety. Meditation
may also be used to induce both physical and mental stillness in an
altered state of consciousness. Likewise, it has been found to enhance
one’s self-awareness (Margolin et al., 2011). Silencing excessive mental
noise or rational thoughts, as well as heightening one’s awareness of a
deeper self, may increase an individual’s capacity to tune in to relevant
information. If meditation is able to reduce the extent to which negative
emotions affect our awareness and allow us to align our unconscious
intentions with our conscious intentions, then this could be a key for
the study of direct mental influence.
Recent literature in neuroscience suggests that meditation
practices appear to alter brain chemistry, structure, and function in
a more permanent manner as well. Specifically, it was reported that
long-term meditation practices have an effect on brain regions that
are associated with emotion and attention. For example, meditation
has been linked with increased selective attention capacity, which is
an enhanced ability to focus on a certain outcome while silencing
undesired outcomes. Moreover, mindfulness meditation has been
correlated with diminished activity in the amygdala, which is associated
with the production of fear and anxiety (Margolin et al., 2011). Both of
these effects would appear to benefit direct mental influence in the
intended direction.
Some types of meditation and visualization practices draw on
the notion that the mind has an untapped potential to create, and this
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potential can be brought into awareness so that desired states become
reality. Specifically, conscious visualization is believed to have the ability
to create thoughts, emotions, and events in one’s phenomenal world
in accordance with one’s ambitions and goals (Margolin et al., 2011). In
some forms of meditation, the distinction between subject and object,
and the observer and the observed, becomes blurred. Loving-kindness
and compassion meditations also are of particular interest here as they
generate a consistent emotional tone that is exclusive of other types
of affect (Fox et al., 2016). The consistent emotional tone is perhaps
generated as participants are asked to project positive emotions toward
others or in reference to no subject at all.
If meditation and visualization are able to transform the brain,
one’s mood, and one’s perception, then it is possible that applying
these techniques to PK experiments may facilitate direct mental
influence in the intended direction. In a series of experiments in
which participants were asked to direct their attention toward or away
from a two-slit optical device, it was found that those who identified
themselves as meditators, without further specification of the type of
meditation that they practiced, were better able to influence the device
when requested to direct their attention toward the device than those
who did not identify themselves as meditators (Radin et al., 2012). One
of the strategies in Experiment 2 in this study was to prime feelings of
love by leading participants through a guided imagery meditation as
one of a number of manipulations that could increase the likelihood of
finding a positive REG deviation.

Hypotheses
The purpose of these studies is to contribute to the expanding
literature on consciousness by exploring the psychological correlates of
direct mental influence and the role that meditation and visualization
may have in enhancing anomalous manipulation. Experiment 1 will act
as a control sample for Experiment 2, which introduces the meditation
and visualization component to the study. The comparison of both
samples will make it easier to identify any relevant parameters.
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Experiment 1		
1. It is hypothesized that there will be a significant deviation in the
intended direction.
2. It is hypothesized that trials without directed conscious intention,
measured by the REG running in FieldREG mode, will predict
subsequent trials completed with intention as measured by the
REG in PEAR Classic mode.
3. The Beliefs About Consciousness and Reality Questionnaire
(BACARQ) is used for measuring transcendental beliefs. It is
hypothesized that individuals with a high composite score on the
BACARQ will be more likely to deviate the REG in the intended
direction.
4. The Expressions of Spirituality Inventory (ESI) is used for measuring
spirituality. It is hypothesized that individuals with a high composite
score on the ESI will be more likely to deviate the REG in the
intended direction.
5. It is hypothesized that individuals who are in an altered state
of consciousness, as indicated by the Phenomenology of Consciousness Inventory (PCI), will be more likely to deviate the REG in
the intended direction.
6. It is hypothesized that those who identify with the machine or feel
a transcendent unity with it will be more likely to deviate the REG
in the intended direction.
7. It is hypothesized that those who think they can alter the machine
also will be more likely to deviate the REG in the intended direction.
Experiment 2
1. The meditation and visualization techniques used will aid in
promoting successful deviations in that there will be significantly
more deviations in the intended direction in comparison with
Experiment 1.
2. Individuals who experience feelings of love, as measured by the
Phenomenology of Consciousness Inventory, will be more likely to
deviate the REG in the intended direction.
3. Individuals scoring high in rationality, as measured by the
Phenomenology of Consciousness Inventory, will be less likely to
deviate the REG in the intended direction.

32 0

Tay z i a C o l l e s s o, M a r i a Fo r r e s t e r, I m a n t s B a r u š s

GENERAL METHOD
Participants
Participants were volunteers recruited from Western University,
King’s University College consciousness-related courses, the Psychology
1,000 participant pool, and the community. There was a total of 60
participants for both experiments, with 30 participants in each sample.
In Experiment 1, the mean age was 22.9 years (SD = 6.9, age range:
18–55). Eighteen participants were recruited from the participant pool
whereas 12 participants were volunteers outside of the participant
pool. The mean age for Experiment 2 was 29.1 years (SD = 10.5, age
range: 19–69), and the sample consisted primarily of individuals from
the community (n = 18). Students currently enrolled in consciousnessrelated courses and individuals who expressed an interest in the study
of consciousness were targeted due to the fact that expectation and
beliefs about consciousness are presumed to be important in terms of
being receptive to anomalous phenomena and of deviating the REG
in the intended direction. Although the participants did not receive
monetary compensation, participants from the introductory psychology
pool were granted course credit for taking part in the study.

Materials
Desktop Computer. A custom desktop computer, built by Superior
Computers and linked to a Sony computer monitor, an ergonomic
keyboard, and an ergonomic mouse, was used for running specialized
REG software with which study participants interacted.
Random Event Generator (REG). The REG used in this study was
an electronic device manufactured by Psyleron that produces random
binary events by measuring the reverse current across a diode that is
produced by quantum mechanical tunneling. This quantum process
produces random sequences of one of two possible outcomes which
can be displayed on a computer to which it is attached, in order to
determine if the sequence conforms to random alternation. Both
FieldREG software and PEAR Classic REG software are loaded on the
computer and are used to register input from the REG, as well as
display the data on the computer screen in the manner of a cumulative
deviation graph (Psyleron, 2009). The FieldREG software is used to
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collect data without any intention to move the randomly generated
cumulative deviation line up and down, whereas the PEAR Classic
REG software is used to collect data with such intention. In the present
study we investigated any correlations between cumulative averages
for the FieldREG and PEAR Classic REG. Since only relative measures
and correlations were used in this study, no control or calibration runs
were necessary, nor were any carried out. It should be noted that if
direct mental influence does occur, as previous research has indicated,
then even control and calibration runs are being influenced by the
experimenter and anyone else who becomes aware of such runs.
PseudoREG. The PseudoREG mimics the output of an REG by
using the random number generator on a computer rather than on the
REG. The PseudoREG, instead of the REG, was inadvertently used with
the PEAR Classic REG software in Experiment 1.
Relaxation Meditation Script. A 2- to 3-minute relaxation
meditation was used in Experiment 2 to redirect thoughts about external
events toward internal occurrences within the body. The primary goal of
this relaxation meditation was to promote tension identification as well
as tension reduction. It is assumed that the release of tension would
encourage the release of other negative emotions, such as frustration,
fear, and anxiety, and would also increase awareness. The script can be
found in Appendix A.
Visualization Exercise Script. A 3- to 5-minute guided imagery
exercise was used following the relaxation meditation in Experiment
2 and the script can be found in Appendix B. The visualization exercise
was employed to stimulate imagination and further induce relaxation
as well as positive emotions, including promoting feelings of love.
Visualization Suggestions. Prior to interacting with the REG in
Experiment 2, participants were introduced to the basic components
of the PEAR Classic REG software and were given strategies that
were believed to promote deviations in the intended direction. These
suggestions can be found in Appendix C. Participants were encouraged
to apply visualization techniques and to attach positive qualities to
the randomly generated line. Participants were also advised to avoid
harboring feelings of frustration when the line deviates in a manner
inconsistent with the individual’s intended direction.
Environmental Manipulations. In an attempt to produce a more
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relaxing, inspiring, and all-around positive environment in Experiment
2, a potted plant was placed on the desk and posters that illustrated
woodland imagery, along with other visuals intended to encourage
calmness and imaginative thinking, were strategically mounted on the
walls. Moreover, the overhead lights of the lab room were switched off
for the duration of the experiment, and instead, two desk lamps were
used to illuminate the desired areas of the room.

Measures
Demographics and Attitudes Form. This form was given at the
beginning of both experiments and contains questions about the
participant’s age, gender, education, religious views, and frequency
of religious practice. It also contains a five-point Likert-type question
pertaining to the participant’s belief in their ability to alter the
functioning of the REG with one being “definitely not” and five being
“definitely yes.” This form can be found in Appendix D.
Beliefs About Consciousness and Reality Questionnaire
(BACARQ). Imants Barušs and Robert Moore developed the BACARQ
in 1987 as a self-report questionnaire with 38 items (Barušs & Moore,
1992, 1998). Questions one to eight use a four-point Likert scale with
one representing “Definite No” and four representing “Definite Yes.”
Questions 9 to 38 use a seven-point Likert scale with one representing
“Strongly Disagree” and seven representing “Strongly Agree.” The
seven dimensions that are measured with this questionnaire include
Antiphysicalism, Religiosity, Meaning, Extraordinary Experiences,
Extraordinary Beliefs, Inner Growth, and Transcendentalism, which is
the global scale made up of all items. A higher score on the global scale
represents more transcendental beliefs. The Cronbach’s alpha for all
of the items totaled to form a single scale was a = 0.95 with items 9,
19, 24, 29, and 32 being reverse-scored items. A sample item from the
Antiphysicalism dimension is Item 9, “There is no reality other than the
physical universe.” The questionnaire was used in both experiments.
Expressions of Spirituality Inventory (ESI). Douglas MacDonald
developed the revised version of the ESI in 2000 (2000a, 2000b); and the
inventory contains a total of 32 items. This instrument uses a five-point
Likert-type scale from zero to four, with zero being “Strongly Disagree”
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and four being “Strongly Agree.” The inventory measures five descriptive
dimensions of spirituality including an Experiential/Phenomenological
dimension, Cognitive Orientation toward Spirituality, Existential WellBeing, Paranormal Beliefs, and Religiousness. Higher scores represent
more spiritual beliefs. Cronbach’s alpha for the individual dimensions
varied between a = 0.80 and a = 0.89. Reverse-scored items are
items 3, 8, 13, 18, 19, 23, and 28. A sample item from the Experiential/
Phenomenological dimension is, “I have had an experience in which I
seemed to be deeply connected to everything.” The inventory was used
in both experiments.
Phenomenology of Consciousness Inventory (PCI). Ronald
Pekala developed the PCI in 1991 (1991a, 1991b). This inventory is a
retrospective report including 53 items that are used to assess the state
of consciousness a participant found themself in during a specific
time period using a seven-point scale with opposing statements on
opposite ends of each scale. The PCI was used in both experiments
to evaluate a participant’s state of consciousness while the FieldREG
software and the PEAR Classic REG software registered input from the
REG or PseudoREG. The scale includes 21 subscales and dimensions
of subjective experience: Joy, Sexual Excitement, Love, Anger, Sadness,
Fear, Body Image, Time Sense, Perception, Meaning, Imagery Amount,
Imagery Vividness, Direction of Attention, Absorption, Self-Awareness,
Altered State, Internal Dialogue, Rationality, Volitional Control,
Memory, and Arousal. All of the subscales were checked to see if they
could predict the difference between high- and low-intention runs, but
the altered states subscale was of particular interest. The Cronbach’s
alpha for the individual subscales ranged from a = 0.72 to a = 0.91,
and a sample item from the altered state subscale is: “My state of
consciousness was not any different from or more unusual than what
it ordinarily is 0 1 2 3 4 5 6. I felt in an extremely different and unusual
state of consciousness.”
Questions about Experience. This form was given at the end of
both experiments and includes an open-ended question about the
participant’s experience while interacting with the REG, followed by
two Likert-type questions with a five-point scale, where one represents
“definitely not” and five represents “definitely yes.” The first Likert-type
question measures whether or not participants felt that they had been
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able to alter REG functioning, and the second measures a participant’s
sense of connectedness with the REG. These three questions can be
found in Appendix E.
Psyleron FieldREG Software. FieldREG software that was
developed by Psyleron and loaded on the laboratory computer, was
used to gather and quantify non-intentional data from the REG while
participants were filling out the questionnaire and inventories at the
beginning of the session. The REG was accumulating data passively.
Psyleron PEAR Classic REG Software. PEAR Classic REG software
that was developed by Psyleron and loaded on the laboratory computer,
was used to gather and quantify data from the REG or PseudoREG
during the intentional runs and, thus, to measure possible direct
mental influence. The PEAR Classic program was used for both
experiments and it is a computer program that is a recreation of
the original protocols used at the Princeton Engineering Anomalies
Research laboratory at Princeton University. Each participant was asked
to perform a total of 20 runs, and a balanced series was required so that
participants were asked to perform 10 high-intention runs and 10 lowintention runs. A participant’s performance is shown on the computer
screen in real-time through the use of a cumulative deviation graph.
The difference between cumulative averages for high-intention runs
and low-intention runs was used as a dependent measure.

Procedure
Experiment 1 and Experiment 2 were conducted in a designated
Psychology Laboratory on the King’s University College campus after
receiving appropriate ethics approval for research with human subjects.
Initially, each participant was greeted and asked to review and sign
a consent form. The consent form contained information about the
purpose of the study and the role of the REG and FieldREG in such
experiments. The participant was informed that FieldREG software
would be registering input from the REG as it ran passively while three
forms were completed in the following order: a demographics and
attitudes form, the BACARQ, and the ESI. Subsequently, the REG was
turned off and the participant was asked to fill out the PCI based on
her subjective experience while filling out the initial survey package.
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The FieldREG software was turned off while the participant filled out
the PCI because the PCI was administered to measure the participant’s
subjective experience while the FieldREG software was running
passively.
Experiment 2 differs from Experiment 1, in that a meditation
component was added to the procedure in Experiment 2 prior to
introducing a participant to the PEAR Classic program. The PEAR
Classic program is the program that was used when a participant
was asked to consciously deviate a randomly generated line that was
displayed on the computer screen toward their pre-stated intention,
based on their own volition, for a total of 20 runs. A balanced series
was required, and therefore it was necessary that the participant
complete 10 high-intention runs and 10 low-intention runs in an order
of their choice. “High intention” and “low intention” are operationally
defined as the behavioral selection of high-intention and low-intention
runs, respectively. During a high-intention run, the participant’s goal
was to increase the value of the mean, and in a low-intention run,
the participants’ goal was to decrease the value of the mean. If the
difference between the high and low mean cumulative deviations is
statistically different from the expected mean, then it would appear
that there is a correspondence between intention and the functioning
of the electronic device through either direct mental influence or
precognition.
Once the series of runs was completed in both Experiment 1
and Experiment 2, the PEAR Classic program was turned off, and the
participant was asked to fill out the PCI for a second time, in order
to evaluate the nature of a participant’s subjective experience while
interacting with the PEAR Classic program. After that, the participant
was asked to fill out a final form, which consisted of three questions
about their experience with the REG which were administered to
discover any psychological variables that may be associated with
significant deviations. Finally, the participant was asked to review a
debriefing form, and any participants from the participant pool were
given an opportunity to complete the bonus assignment in order to
receive course credit.
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Design
Correlations between the predictor variables and the criterion
variable were analyzed in order to identify any significant relationships
in both experiments. FieldREG mean scores, BACARQ composite
scores, ESI cumulative scores, PCI scale scores, scores representing
connectedness with the REG, and scores representing belief about
REG influence served as predictor variables, and the mean difference
between high- and low-intention runs served as the criterion variable;
all variables are continuous. Moreover, the data from the sample in
Experiment 1 and the sample in Experiment 2 were compared using
an independent samples t-test in order to determine if the sample
means differed significantly, potentially indicating that the changes in
participants, equipment, and protocol in Experiment 2 may promote
successful deviations in the intended direction.

EXPERIMENT 1
Method
In Experiment 1, the REG was used as the signal source for the
Psyleron FieldREG software and the PseudoREG was used as the signal
source for the PEAR Classic REG program. The REG was set up at 5
trials per second with each trial consisting of 200 bits for the Psyleron
FieldREG software. For the PEAR Classic program, the PseudoREG was
set up at 4 trials per second, 50 trials per run, and 1,000 total trials. There
were no environmental manipulations, no meditation and visualization
exercises, nor visualization suggestions prior to participants interacting
with the PEAR Classic program.

Results
When testing our hypotheses, adjustments were not made for
multiple analyses since the hypotheses were prestated, and, furthermore, none of them was confirmed for a critical value of .05. Where we
do find effects in post hoc analyses, the results need to be interpreted
with care, given that the probability of a Type I error increases with
the number of analyses that are carried out. However, adjusting for
multiple analyses, for instance with a Bonferroni correction, increases

E f f e c t s o f M e d i t a t i o n a n d V i s u a l i z a t i o n o n M e n t a l I n f l u e n ce o f R E G s

32 7

the probability of Type II errors. So, unless otherwise noted, we simply
report what we found for the reader to consider.
Hypothesis 1. In order to determine if there was a significant
deviation in the intended direction, the difference between cumulative
scores for high intention runs and cumulative scores for low intention
runs was analysed using a one-sample Student’s t-test. The mean
difference for high- and low-intention runs was -.083 (SD = .36) and
the t statistic was not significant, with t(29) = -1.26 (p = .22, two-tailed).
These findings do not provide support for direct mental influence in
the intended direction.
Hypothesis 2. A stepwise linear regression was used to determine
if the criterion variable, the mean difference between high- and lowintention runs, could be predicted from the values of the predictor
variables. Hypothesis 2 was tested by examining the correlation
between the mean difference between high- and low-intention runs
and FieldREG mean scores. FieldREG mean scores are representative of
trials without directed conscious intention, while the mean differences
between high- and low-intention runs are representative of trials with
intention. The correlation between the predictor variable and the
criterion variable was r(28) = .06, p = .75 (two-tailed), but the predictor
variable was not entered into the regression equation because the
probability of the correlation between FieldREG averages and the mean
differences between high- and low-intention runs was above .05. In
other words, trials without directed conscious intention did not predict
trials completed with intention.
Hypothesis 3. The correlation of composite scores on the Beliefs
About Consciousness and Reality Questionnaire with the criterion
variable was insufficiently significant for the variable to be entered into
the regression equation, r(27) = -.10, p = .61 (two-tailed). Therefore,
individuals with a high composite score on the BACARQ, which is
indicative of transcendental beliefs, were not more likely to deviate the
REG in the intended direction.
Hypothesis 4. The largest correlation of a scale from the Expressions of Spirituality with the criterion measure was that of Cognitive
Orientation toward Spirituality with r(28) = -.12, p = .54 (two-tailed). These
findings provide no evidence in support of high scores on the ESI being
indicative of an ability to deviate the REG in the intended direction.
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Hypothesis 5. In order to determine if an altered state of
consciousness would be indicative of an ability to deviate the REG
in the intended direction, the altered state subscale scores on the
second administration of the PCI were used as a predictor variable.
The predictor variable was not entered into the regression equation
because the correlation between the predictor variable and the mean
difference between high- and low-intention runs, r(27) = -.04, p = .85
(two-tailed), was above .05. It is important to note that a new binary
variable was created representing the direction of the deviation. A 'one'
signifies a positive difference between high- and low-intention runs,
or a deviation in the intended direction, whereas a 'zero' signifies a
negative difference, and therefore a deviation in the direction opposite
to intention. The correlation between the altered states subscale scores
on the second administration of the PCI and a positive difference
between high and low intention runs was statistically significant, r(27)
= .40, p = .03 (two-tailed). When checking for a difference between the
two groups using ANOVA, Levene’s test for equality of variances was
significant, and therefore, when equality of variances was not assumed,
the independent samples t-test was not significant, t(10.92) = -1.89, p
= .09 (two-tailed). Thus, while suggestive, there is insufficient support
that an altered state of consciousness while interacting with the REG is
correlated with a deviation in the intended direction.
Hypothesis 6. The correlation between the criterion variable
and the scores representing connectedness with the REG was not
significant, r(28) = .11, p = .56 (two-tailed), and therefore the predictor
variable was not entered into the regression equation. In other
words, participants who identify with or feel a transcendental unity
to the REG, are not more likely to deviate the REG in the intended
direction. In a follow-up analysis, however, it was found that the scores
representing connectedness with the REG were correlated with the
love subscale on the second administration of the PCI, r(28) = .65, p
< .001 (two-tailed). Moreover, the correlation of the criterion variable
with a new variable, the change in the love subscale from the first
administration of the PCI to the second administration, gives r(27)
= .39 (p = .04, two-tailed) (Figure 1). That means that the change in
the love subscale accounted for 15% of the variance in the mean
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Figure 1. The relation between the change in the love subscale and the difference
between high- and low-intention runs.

difference between high and low intention runs (Figure 1). If love is
associated with a feeling of connectedness, and a change in love or an
increase in love scores is associated with the difference between high
and low intention runs, then a significant correlation between scores
representing connectedness with the REG and the criterion variable
could be revealed if there were more statistical power. This relationship
may also be mediated by love. It is important to note that any such
relationships are not necessarily due to the presence of anomalous
variables. Participants who 'succeeded' in creating a deviation in the
intended direction could simply have subsequently reported having
had more immersive and positive experiences.
Hypothesis 7. To determine if beliefs about REG influence would
predict an ability to deviate the REG in the intended direction, the belief
score, which was accumulated prior to any interaction with the REG,
was analyzed for statistical significance. The predictor variable was not
entered into the regression equation, however, as it was insufficiently
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TABLE 1
Correlations, Significance, and Sample Size of Predictor Variables
with the Difference Between High- and Low-Intention Runs
Predictor Variable

Pearson
Correlation

Significance
(two-tailed)

N

FieldREG Average

.06

.75

30

BACARQ Composite Score

–.10

.61

29

ESI Cognitive Orientation

–.12

.54

30

Altered State Subscale Score

–.04

.85

29

.11

.56

30

–.19

.31

30

Resonance Score
Belief Score

significant, r(28) = -.19 (p = .31, two-tailed). A summary of the findings
for each predictor variable can be found in Table 1.
Post Hoc Analyses. Significant correlations were found between
FieldREG mean scores and education, as well as rationality (r = -.401,
p = .028, n = 30). Now we do need to explicitly take into account the
fact that there were multiple analyses. We did this by splitting the
sample into two equal-sized parts to determine if the relationship was
maintained in both samples despite considerable loss of statistical
power. One way to think of this is to conceptualize one half of the
sample as the experiment in which the effect was found, and the
other half of the sample as a replication experiment. Education lost its
significance on each of the two random samples, but the correlation
between rationality and FieldREG mean scores remained significant
in one of the two random samples, r(13) = -.81, p < .01 (two-tailed),
although the effect was not replicated in the other, r(13) = .20, p = .47
(two-tailed). Nonetheless, because the correlation between rationality
and FieldREG mean scores showed up again in Experiment 2, it is
reported here.
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Discussion
There was no evidence in support of a deviation in the intended
direction. Furthermore, none of the individual characteristics
hypothesized were indicative of an ability to deviate the REG in the
intended direction. The correlation between FieldREG mean scores and
rationality provides some evidence suggesting that excessive cognitive
analysis may have a noticeable effect on an REG. The love subscale
on the second administration of the PCI was correlated with scores
representing connectedness with the REG, and a change in love between
both administrations of the PCI was significantly correlated with the
difference between high- and low-intention runs. In other words, the
unification of an individual’s sense of identity with the machine or
empathizing with the machine may facilitate the information transfer
between one’s consciousness and the REG through the presence of
love (Jahn, 1996).
In terms of limitations, the PseudoREG was used as the electronic
noise source for trials with intention as a result of a programming
error. Jahn et al. (1987) notes, however, that the PseudoREG and REG
are identical in terms of the feedback provided and the experimental
protocol used. Moreover, the results of 29 experimental series with
a PseudoREG at the PEAR lab, confirmed the ability of operators to
produce significant deviations using such experimental protocols (Jahn
et al., 1987).
Feelings of love and silencing of excessive cognitive noise
may improve the rate at which successful deviations occur, and the
meditation and visualization component added in Experiment 2 will
explore the effect of priming such emotions and perceptions.

EXPERIMENT 2
Method
The designated psychology laboratory at King’s University College
was strategically decorated in an attempt to produce a relaxing
environment in Experiment 2. Moreover, an unsystematic effort was
made to recruit participants, such as natural healers, who believed
that they had some ability to directly manipulate physical reality. The
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Psyleron FieldREG software was set up at 5 trials per second with each
trial consisting of 200 bits, and the FieldREG program registered input
while participants filled out the initial survey package. After completion
of the first PCI form, and prior to interacting with the PEAR Classic
program, participants were guided through a 2- to 3-minute relaxation
meditation, followed by a 3- to 5-minute guided imagery exercise.
Subsequently, participants were offered visualization suggestions and
strategies that were intended to promote direct mental influence in
the intended direction. PEAR Classic REG trials then commenced. For
those runs, the REG was set up at 4 trials per second, 50 trials per run,
and 1,000 total trials.

Results
Hypothesis 1. Prior to confirming whether or not the meditation
and visualization techniques used in Experiment 2 promoted
successful deviations of the REG, a two-tailed single-sample t-test was
conducted to test the mean difference between cumulative scores for
high intention-runs and low-intention runs and the constant value
zero, to determine if participants were significantly able to alter the
functioning of the REG. A statistically significant difference was found,
t(29) = 2.66 (p = .01, two-tailed, Cohen’s d = 0.49), suggesting that
there was a significant separation in the intended direction (Figure 2).
In an attempt to establish whether or not participants who engaged
in meditation and visualization exercises exhibited more successful
deviations than participants who did not, comparisons were made with
Experiment 1. An independent samples t-test was conducted comparing
mean differences for high- and low-intention runs in both samples. A
significant difference was observed between Experiment 1 (M = -.08,
SD = .36) and Experiment 2 (M = .15, SD = .31), with t(58) = -2.69 (p =
.009, two-tailed). Since the separation of high and low intention runs is
the single overall outcome measure, no correction for multiple analyses
is required. This suggests that some of the differences between the
conditions of Experiment 1 and Experiment 2, such as participating
in meditation and visualization exercises prior to interacting with the
REG, may enhance the likelihood of successful deviations.
Hypothesis 2. In Experiment 1, a change in love across both
administrations of the PCI was correlated with the mean difference
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Figure 2. Mean differences for high- and low-intention runs in Experiment 1 and
Experiment 2. Error bars indicate the standard deviation.

for high and low intention runs. However, these findings were not
replicated in Experiment 2, r = -.12, p = .55 (two-tailed). Moreover, the
correlation between love subscale scores on the second administration
of the PCI and the mean difference for high and low intention runs
was not significant, r(28) = -.26, p = .16 (two-tailed) and in the opposite
direction. A one-way analysis of variance was conducted to investigate
the differences between scores for the love subscale on the second
administration of the PCI for both experiments. The results revealed
a statistically significant difference between the love subscale scores
obtained from the second half of the two experiments, F(1,58) = 4.31,
p = .04 (two-tailed) (Figure 3). This difference was in the expected
direction with M = 4.57 (SD = 4.14) for Experiment 2 in comparison
with M = 2.63 (SD = 2.98) for Experiment 1. The difference between
love scores on the first administration of the PCI was not different
from Experiment 1 to Experiment 2, with F(1,57) = .21 (p = .65), thereby
providing some confirmation that the manipulation had the intended
effect of increasing feelings of love. Thus, given that participants in
Experiment 2 were more likely to successfully deviate the REG, there
is some support that feelings of love could be a factor in direct mental
influence.
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Figure 3. Love subscale scores for Experiment 1 and Experiment 2. Error bars indicate
the standard deviation.

Hypothesis 3. Participants who scored high in rationality on the
first administration of the PCI were not less likely to deviate the REG in
the direction of their previously stated intent, r(28) = -.28, p = .13 (twotailed). There was, however, a significant correlation between rationality
and FieldREG averages, r(28) = -.38, p = .04 (two-tailed) (Figure 4). This
inverse effect was also significant in Experiment 1, and it is suggestive

Figure 4. The correlation between rationality scores and FieldREG averages. As
rationality scores increase, FieldREG averages appear to trend downward.

E f f e c t s o f M e d i t a t i o n a n d V i s u a l i z a t i o n o n M e n t a l I n f l u e n ce o f R E G s

335

that individuals who score high in rationality may be more likely to
deviate the FieldREG in the negative direction. To appreciate the
significance of this result, it is to be noted that only one of 21 PCI scales
was statistically significantly correlated with the FieldREG averages in
Experiment 1. That the same PCI scale is again the one that is statistically
significant in Experiment 2 and in the same direction has a probability
of only .024. This appears to be a signal in the noise.
A summary of the findings for the predictor variables in Experiment
2 can be found in Table 2.
TABLE 2
Correlations, Significance, and Sample Size of Predictor Variables
with the Difference Between High- and Low-Intention Runs
Pearson
Correlation

Significance
(two-tailed)

N

Love Subscale Score

-.26

.16

30

Rationality Subscale
Score

-.28

.13

30

Predictor Variable

Discussion
Results revealed a significant deviation of the REG in the
direction of the participants’ volition. Moreover, comparisons between
cumulative deviations for high- and low-intention runs across both
samples were found to be statistically significant. These findings offer
support for the first hypothesis, indicating that the incorporation of
meditation and visualization exercises prior to interaction with the REG
may significantly influence an individual’s ability to deviate the REG in
the intended direction.
The results of Experiment 2 offer only partial support that feelings
of love facilitate direct mental influence, and that rationality may create
a deviation of the REG. However, mean love subscale scores gathered
from the second administration of the PCI increased in Experiment 2.
The manipulation in Experiment 2 was designed to initiate feelings of
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love, and participants in Experiment 2 were also found to be more likely
to produce significant deviations in the intended direction. Perhaps,
if there were more statistical power, then love subscale scores may
have been a predictor for the mean difference between high- and lowintention runs overall.
It is important to note that an experimenter effect may have been
present in Experiment 2 as two experimenters worked in collaboration
to collect the data and the experiment required more direct interaction
with the participants beyond the simple instruction given in Experiment
1. The meditation and visualization scripts were recited by one of the
two experimenters, and visualization suggestions also were provided.
Furthermore, the experimenters may have each played a role in
directly altering the function of the REG. Upon investigation, there
was no significant difference in the deviation scores between the two
experimenters F(2,57) = 2.68, p = .08 (two-tailed), although it is possible
that both contributed equally to the elevated scores.
Another potential oversight was identified after half of the data had
been collected as there was confusion regarding the correct method to
fill out the PCI. Specific instruction on how to fill out the inventory
was not given for the first half of the participants in Experiment 2,
and as a result statistical power may have been lost and some of the
relationships that exist between the variables may have been missed.

GENERAL DISCUSSION
Interpretations
One explanation for the successful deviations in Experiment 2
is that the tension-releasing effects of the meditation component
reduced anxiety levels sufficiently so as to not interfere with direct
mental influence. As previously mentioned, individuals experiencing
high levels of anxiety have been shown to produce psi-missing effects.
In fact, creativity has been found to be linked with elevated psi-hitting
scores; however, when creativity was accompanied by anxiety, the scores
were negative (Carpenter, 2012).
Another plausible interpretation is that the visualization element,
as well as the meditation component, may have encouraged participants
to tap into their nonconscious intentions. Carpenter (2012) found that
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participants who presented a more active involvement in personal
imagery, as well as an emotional openness to it, were more likely to
produce extreme deviations. Participants who experienced imagery that
contained high levels of intellectualization and cognitive analysis, on
the other hand, were more likely to produce scores that did not deviate
significantly in any direction. Rationality had a negative relationship
with FieldREG averages in both experiments, and although there is no
intention to deviate the REG in either direction, this may suggest that
excessive cognitive analysis hinders psi-hitting effects.
As previously described, creativity has been associated with psihitting effects, and this may be due to the fact that the creative process
requires a suspension of cognitive analysis for a sufficient amount of
time so as to be able to access the nonconscious, our implicit sense, or
for our purposes here, our nonconscious intentions (Carpenter, 2005).
Meditation and visualization techniques promote creativity and an
uninterrupted openness, and this may be how intentional stability at
the psi level is maintained.

Limitations
Feedback. With regard to limitations, correlations with the love
subscale on the PCI may be the result of a priming effect caused by the
feedback given to participants regarding the results of their interactions
with the REG. For example, if the mean increased or decreased in a
manner consistent with the participant’s intention, then this might
result in the participant being in a more positive or “loving” mood. A
solution to this would be to remove participant feedback.
Sampling Differences. Experiment 2 sampled fewer university
students than Experiment 1 and included a larger proportion of
participants who expressed interest in consciousness or belief in
anomalous abilities. Thus, participants in Experiment 2 may have
been more likely to produce successful deviations, due to individual
characteristics as well. It is possible that these participants may have
been more likely to produce a signification deviation in the intended
direction because they were less anxious about, and more open to, psi
phenomena.
Experimenter Effect and Psi-Missing. There are enigmatic aspects
of studying direct mental influence, including psi-missing and the
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nonconscious reversal of conscious intentions, as well as experimenter
effects. Not only may experimenters indirectly influence the collection
of data, but the significant deviation in the intended direction that
was found in Experiment 2 may have been in part or entirely due to
the experimenters’ psi-giftedness. Moreover, the inability to find a
significant deviation in the intended direction for Experiment 1, may
also be due to a possible experimenter effect.

Conclusions
As per Carpenter’s First Sight Theory, psi phenomena are
presumed to be nonconscious psychological processes that precede
and shape all experience. Considering that these processes appear
to function in a transient manner, they are difficult to investigate.
A conservative evaluation of the evidence for psi phenomena is that
results are statistically anomalous and further scientific inquiry is
required; a more realistic evaluation is that anomalous phenomena
are very likely occurring in the world around us, and to an extent that
is beyond what can presently be explained by conventional science
(Broderick & Goertzel, 2014).
In fact, just because psi phenomena conflict with the current
scientific understanding of reality, does not mean the results should be
disregarded. There is an abundance of examples of newly discovered
phenomena that have adjusted science’s view of reality accordingly
(Broderick & Goertzel, 2014). For instance, Peter Higgs submitted
a paper to a notable physics journal in 1964. The paper was rejected
because it contained the premise of an invisible element pervading
space and interacting with particles so as to supply their mass. What
is of importance is that Higgs maintained his scientific position and
his premises were eventually accepted (Broderick & Goertzel, 2014).
Despite our expectations for conventional explanations, conventional
explanations, they may not always be the best ones for the phenomena
occurring around us.
As a suggestion for future research, participants could be
preselected if they were to exhibit some psi abilities, for example
through the use of the Ball Selection Test (BST). In this test, a number
from one through five is written on separate balls, and a participant is
asked to guess the number on the ball that she will select from a bag
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containing an assortment of numbered balls. In one case, a sample
of preschool children performing the BST yielded a high effect size
(Broderick & Goertzel, 2014). It was noted that the high effect size
could have been due to the fact that the experimenter was exceptionally
successful at the BST task, but this could also have been the result
of children’s creativity and imagination. Although the BST measures
precognition and clairvoyance, it may nevertheless be useful for
prescreening participants in experiments of direct mental influence.
Furthermore, current research concerning psi phenomena
supports also preselecting participants on the basis of their acceptance
of psi phenomena, previous transcendental experiences, the practice
of meditation and visualization, and the possession of psychological
characteristics such as extraversion, warmth, and love (Broderick &
Goertzel, 2014). The collective mental activity of individuals should
also continue to be investigated with REG devices. Our understanding
of consciousness and reality is in its infancy, and it is only through
investigation and the accumulation of data that a scientific understanding of reality can be actualized.
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APPENDIX A
RELAXATION MEDITATION SCRIPT
I will now guide you through some imagery exercises for the purpose
of allowing you to relax more deeply. Begin by settling your body into a
comfortable sitting position and allowing your eyes to gently close. . . . Let
your awareness shift to your breathing. . . . Allow yourself to let go of any
thoughts or concerns that may have accumulated during the day. . . . Simply
direct your focus on what you are experiencing here and now. . . . As you
continue to breathe, observe your body and scan for any areas that may feel
tense. You may notice some tension in your neck or shoulders. . . . Your back.
. . . Feet. . . . Or perhaps, your jaw feels tight. . . . Wherever the tension lies,
direct attention to the source and focus on releasing any tension that may
feel stuck in this particular area. . . . With each outbreath, consciously say to
yourself, “release.” . . . Imagine the tension being washed away. . . . Continue
to breathe. . . . and feel the relief that follows as the tension is released from
this area. . . . When you feel ready to move on, scan your body once again and
select another area that may feel tense. . . . Direct your attention towards the
source of this tension. . . . Again as you exhale, consciously say to yourself
“release” . . . and imagine the area being cleared of all tension. . . . Over the
next few breaths, focus on releasing tension from this part of your body and
allow this area to feel relaxed and soothed.

APPENDIX B
VISUALIZATION EXERCISE SCRIPT
We will now focus on tapping into our imagination through the process
of visualization. If the practice of visualization is new to you or you find that the
images are unclear in your imagination, feel free to follow along and imagine
the sequence of events in whatever way is most comfortable to you. We will
begin very simply by walking. Imagine yourself walking through a lush forest.
It’s the break of dawn in early summer. … As the sun rises it paints the sky
with the most vibrant hues. Splashes of orange, purple, yellow, and pink are
reflected in the big, fluffy clouds above as beams of white light radiate through
each opening. The air feels brisk, but you feel perfectly comfortable. The soft
cozy sweater you are wearing is keeping you nice and warm. As you breathe
deeply, filling your lungs with the cool fresh air, you notice how rejuvenating
it feels to do so, almost as though the forest were cleansing you in some way.
As you continue walking, you notice the sun periodically peeking through the
treetops to shine down upon you. You stop for a moment to feel the warmth
of the sun’s rays on your face. Let the feeling sink in. . . . As you pause there,
basking in the sunlight, you happen to notice the soft sound of birds chirping
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in the trees and the rustle of leaves in a gentle breeze, . . . but there is mostly
silence. . . . You notice how peaceful the absence of sound can be. There is
a new level of clarity. As you continue on your journey, you glance down at
your feet and notice that the path beneath you is made of soft, warm sand.
You wiggle your toes. That feels good. As you look up you notice a clearing
up ahead . . . and begin walking towards the opening in the forest. As you
walk, you look around and admire the rich colours of the plants and flowers
around you. The forest feels alive. You bend down to examine a flower . . .
noticing its colours, caressing its leaves, drinking in the scent emanating from
its blossoms. The fresh, sweet smell stays with you as you continue along the
path. As you near the clearing, you notice that there is someone waiting to
greet you. As you get closer, you recognize that this is a person you know
who loves you very deeply. This can be someone real or imaginary. The person
is smiling at you and waving you over. You pick up the pace . . . and feel
joy welling up inside of you as your legs move faster and faster . . . moving
you closer and closer. You finally reach each other, and they wrap you in their
arms. They tell you how proud they are of you and what you are creating in
this world. You take a moment to look at each other, before walking down to
a nearby pond. As you take a seat on the grass, you see frogs leaping from
their lily pads and splashing into the water. You take a deep breath and as you
exhale, once again notice the sun shining down on you and warming your
cheeks. You think to yourself, what a peaceful day. . . . When you are ready to
do so, return to the room and open your eyes.

APPENDIX C
VISUALIZATION SUGGESTIONS
During this stage of the experiment your goal will be to intend the center
line to move up (for a high-intention run) or down (for a low-intention run).
There will be a total of 20 runs; 10 of which must be high, which will appear as
red lines, while the other 10 must be low, which will appear as blue lines. At the
beginning of each run, you will have the option of selecting which direction
you wish to set your intention. If you would like to intend the line to move up
on the screen, it may be beneficial to imagine that the line has a weightless
quality to it . . . or that it is taking off towards the top of the screen. Similarly, if
you would like to intend the line to move down, it might help to imagine that
there is a heavy quality to the line . . . or that it is sinking down to the bottom
of the screen. While initially setting your intention is important, it is best not
to become too absorbed in the small, inevitable fluctuations that the line will
make during the course of each run. Simply focus on the big picture and the
intended direction you would like the line to move. When you are ready, we
can begin.

34 4

Tay z i a C o l l e s s o, M a r i a Fo r r e s t e r, I m a n t s B a r u š s

APPENDIX D
DEMOGRAPHICS AND ATTITUDES FORM
Name: _____________________		
Gender:

Female

Age: ________

Male

Highest level of education:
High School Graduate

College Graduate

Post-graduate Degree

None of

these
Religious Affiliation:
Buddhist

Judaic

Christian

Muslim

Own Beliefs

None

Other (Please specify): ___________________________________________
Frequency of religious practice:
Daily

Weekly

Monthly

Hardly Ever

Never

Attitude toward REG:
Please rate your agreement with the following statement:
I think that I can alter the functioning of the REG.
definitely not

likely not

don’t know

likely yes

definitely yes

APPENDIX E
QUESTIONS ABOUT THE EXPERIENCE WITH
THE RANDOM EVENT GENERATOR
1. Please describe your experience with the random event generator (REG).

Attitude toward REG:
Please rate your agreement with the following statements:
2. I think that I was able to alter the functioning of the REG.
definitely not

likely not

don’t know

likely yes

definitely yes

don’t know

likely yes

definitely yes

3. I felt that I was one with the REG.
definitely not

likely not
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Abstract—Biophoton emission in humans remains intriguing in terms
of the temporal and spatial patterns that indicate influences from environmental, physiological, and pathological factors, and even intentional
faculty. We propose an analytical hypothesis for interpreting a few patterns of somatic steady-state biophoton emission from humans, including dependency on age, diurnal variation, and geometric asymmetry associated with serious asymmetrical pathological conditions. The analyses
are based on associating a hypothetical collective state of autonomic
neuro-energy, presented in a form of “vivodensity,” with photo-genesis
of biophoton emission. The vivodensity refers to the maximal coherence
among the energy “modes” of neuronal control that one can engage in at
a given time of life. This vivodensity is treated to modulate metabolic activities responsible for photo-genesis manifested as biophoton emission.
The hypothesis projects a decrease of the vivodensity in humans during
growth beyond puberty. The hypothesis also proposes a modification of
the vivodensity by systemic or homeostatic physiology. The hypothesis
further postulates that the deviation of the physiology-modified vivodensity from the prepuberty level is a deterioration due to organ-specific
pathological conditions. A temporal differential change of vivodensity is
hypothesized to proportionally modulate oxidative stress that functions
as the physical source of biophoton emission. The resulting steady-state
diffusion of the photon emitted from a photo-genic source in human
geometry simplified as a large homogeneous spherical domain is mod-
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eled by photon diffusion principles incorporating an extrapolated zeroboundary condition. Age and systemic physiology combined determine
the intensity of the center-located physiological steady-state photo-genic
source. An acquired pathology sets both the intensity and the off-center
position of the pathological steady-state photo-genic source. When the
age-commemorated, physiology-commanded, and pathology-controlled
modifications of the steady-state photo-genic sources are implemented
in the photon diffusion model, the photon fluence rate at the surface of
the human-representing spherical domain reveals the patterns of age,
the temporal variation corresponding to systemic physiology, and the
geometric asymmetry associated with significant asymmetric pathological conditions as reported during spontaneous biophoton emission. The
approach, which has the convenience of quantitative estimation of biophoton emission patterns with the potential to incorporate autonomic
neuromodulation, may offer novel insights into biophoton phenomena
wherein human faculty constitutes an experimental condition.
Keywords: biophoton emission; age; temporal variation; asymmetry;
analytical model; photon diffusion; steady state

INTRODUCTION
Biophoton emission (Cifra & Pospisil, 2014) has been investigated
over several decades under a variety of terms including the following:
weak luminescence (Quickenden & Que Hee, 1974), low-level chemiluminescence (Cadenas et al., 1980), spontaneous chemi-luminescence
(Boveris et al., 1984), biophoton(s) emission (Cohen & Popp, 1997;
Devaraj et al., 1997), ultra-weak bioluminescence (Wang & Yu, 2009),
auto-luminescence (Havaux et al., 2006), spontaneous ultra-weak light
emission (Moraes et al., 2012), etc. The spectrum of biophoton emission
is interestingly very broad, spanning the visible band, and extending in
both directions to ultraviolet and near-infrared bands (Boveris et al.,
1980; Cadenas et al., 1980; Cadenas, 1984; Gallas & Eisner, 1987; Devaraj
et al., 1997; Kayatz et al., 2001; Fedorova et al., 2007; Kalaji et al., 2012;
Kobayashi et al., 2016; Wang et al., 2016; Zhao et al., 2017).
Several theories have been postulated about the origin of
biophotons. Perhaps the most widely regarded is that the broadband biophoton radiation can be attributed to the transition of
excited biological molecules, primarily reactive oxygen species (ROS)
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(Kobayashi et al., 2014). ROS are generated at a fixed rate by oxidation
reduction reactions during cellular respiration, but they are toxic to
living cells. When in homeostasis, the cellular organism employs a
variety of scavenging mechanisms to maintain a relatively consistent
concentration of ROS at very low levels (Kobayashi et al., 2014). The
luminescence intensity of the baseline spontaneous biophoton
emission of a living organism including humans is thus extremely low,
on the order of hundreds of photons per square centimeter per second
(Cohen & Popp, 1997; Zhang et al., 1997) when measured on the surface,
whereas the intra-organism intensity has been speculated to possibly
be substantially higher (Bokkon et al., 2010). For a photon at the visible
wavelength of 500 nm, a photon count rate of 100 photons per second
per square centimeter corresponds to an irradiance of 3.98 x 10–17 W ·
cm–2 or ~0.04 fW · cm–2. This irradiance is comparable to the photon
fluence rate measured at 10 cm from a localized source of 1µW · cm–3
in an unbounded homogeneous tissue medium having an absorption
coefficient of 0.106 cm–1 and a reduced scattering coefficient of 10 cm–1
that are representative of soft tissue. The extremely small intensity
makes spontaneous biophoton emission challenging to detect without
highly sensitive photon-detecting devices carefully configured in a
completely darkened environment.
In spite of the challenges in biophoton detection due to the
ultraweak intensity, significant efforts and progress have been made
in mapping biophotons from various regions of the human body (Ives
et al., 2014). Many of these results indicated the potential of mapping
biophotons for assessing holistic health, based upon some systemic
patterns that biophotons from humans manifest. The variations of
spontaneous biophoton emission intensity from humans in association
with normal physiological phases or environmental influences have
been reported on different temporal scales. Diurnal rhythms of
spontaneous biophoton emission of humans have been linked to
the systemic changes in energy metabolism inherent to a circadian
cycle (Kobayashi et al., 2009). Frequency analysis of the spontaneous
biophoton emission intensity revealed temporal characteristics with
slow-periodicity components longer than 24 hours ranging from 7
days to 270 days (Cohen & Popp, 1997; Cohen & Popp, 2003). Seasonal
variation of spontaneous biophoton emission intensity (Zheng et al.,
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1983; Cohen & Popp, 2003; Jung et al., 2005) revealed as high as 4-fold
changes over year-long measurements, with the lowest intensity in the
autumn and the highest intensity appearing 6 months from autumn.
Spontaneous biophoton emission has also manifested gender and
age-related variations (Yang et al., 1995; Yang et al., 1996; Sauermann
et al., 1999; He et al., 2016; Zhao et al., 2016). Biophoton emission
intensity was observed to be higher among males than among females,
and higher in adults than in children. The aged male adult had ~40%
higher biophoton emission intensity than the aged female adult (He
et al., 2016). The biophoton emissions of both males and females
starts to increase by the age of 11–14 and stabilizes at about age 50
(He et al., 2016). These findings indicate that measuring biophoton
emission can potentially provide insight into the homeostatic state or
systemic stage, as well as the harmonic correlation between the human
body and the environment that is regarded as fundamental in some
alternative medical and healing practices (Sun et al., 2017). Deviations
from spontaneous biophoton emission intensity from these healthy
temporal rhythms thus may render information on the deviation of the
systemic or homeostatic physiological states from normal levels.
The temporal variations of the human spontaneous biophoton
emission intensity of normal physiological states also implies that a
human state departing significantly from healthy conditions due to
acquired pathology may manifest in variations of biophoton emission
intensity that could be much stronger and potentially much more
varied than those from a systemic cause. An acquired pathology that
is not systemic but is organ- or tissue-confined could also cause the
spontaneous biophoton emission pattern to be altered from a healthy
balanced or symmetric configuration. An alteration of the biophoton
emission by acquired organ- or site-specific pathology is likely to break
the symmetry of the spontaneous biophoton emission expected for
a balanced faculty. For example, a multiple sclerosis case was found
to give ~200 biophoton counts/second in the right hand and ~300
biophoton counts/second in the left hand (Cohen & Popp, 1997). For
hemiparesis patients, the hand with a hemiparesis aspect emitted fewer
biophotons in comparison with the contra-lateral normal hand (Jung et
al., 2003), and acupuncture treatment dramatically reduced the left–
right asymmetry of biophoton emissions. The left–right asymmetry of
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spontaneous biophoton emission in a mouse model of human breast
cancer (Zhao et al., 2017) became more pronounced as the tumor load in
the right axillary increased versus the contra-lateral normal side. These
reports appear to suggest that the left–right asymmetry of spontaneous
biophoton emission correlates with left–right pathological differences.
Additionally, a particularly intriguing presentation of biophotons
in association with humans cannot be missed: The biophoton intensity
seems to be modulated by intention or human interaction during
healing or other various kinds of bioenergy practices (Nakamura et al.,
2000; Haraguchi et al., 2001; Joines et al., 2012; Rubik & Jabs, 2017).
Links have also been suggested between biophotons and observations
that are difficult to measure and quantify, including consciousness
(Rahnama et al., 2011), mind–matter manipulation (Caswell et al., 2014;
Pederzoli et al., 2017), and paranormal phenomena at the moment of
death (Persinger & St-Pierre, 2011; Reddy, 2016). One could argue that
an experimental control that appears common to all these phenomena
is the involvement of human factors, which at the physical level will
reside in the engagement of neuronal activities, no matter whether
autonomic or intentional. The variation in surface biophoton emission
has been known to correlate with changes in metabolism. When living
organisms become stressed (Slawinski et al., 1992; Musumeci et al.,
1997), the ROS varies to subsequently change biophoton emission
(Tsuchida et al., 2019). Induced changes in photon emissions offer
physiologically relevant explanations for some human experiences
that are often inexplicable even though not uncommon, including the
entopic phenomena of phosphene and negative afterimage (Bokkon et
al., 2011; Wang et al., 2011; Salari et al., 2017). Studies have also suggested
that ROS may be signaling agents, rather than simply potential toxic
agents (Rice et al., 2002). Whether ROS are signaling or toxic agents,
the variation of the rate of the production of ROS in humans will be
regulated ultimately by autonomic neuromodulation, which will likely
differ at different stages of life and also be perturbed or affected by
environmental factors and acquired conditions. Variations in biophoton
emissions due to variations of ROS then shall be expected to follow
the temporal paces as well as spatial patterns of the neuromodulating
perturbation causing autonomic adaptation of ROS production, with a
potential delay in the phase of change as is conceptualized in Figure 1.
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Figure 1. Conceptual illustration of the surface measurement of a biophoton from
a human, representing a large intelligent organism. What is acquired by
the photon-counting or imaging devices is the photons emitting from the
surface of the organism. The origin of the surface-emitted biophotons may
be at any location within human tissue, wherein a localized photo-genic
entity engaging ROS may occur.

In this work, we propose an analytical framework of hypotheses
with the objective to provide simple interpretations of a few somatic
temporal and spatial patterns of spontaneous biophoton emission
in humans, including the systemic dependency on age, the diurnal
variation, and the geometric asymmetry associated with serious
asymmetrical pathological conditions. The analysis speculates that
there is a collective state of autonomic neuro-energy expressed in
a form of “vivodensity,” which in essence is the maximal coherence
among the energy “modes” of neuronal control that an intelligent
being represented by humans is able to engage in at any given time
of life. This vivodensity could also be considered as being proportional
to a chemical potential of the metabolic aspect (Piao, 2020b) which
regulates how a systemic perturbation to metabolism is transferred to
a local photo-genesis process to cause observable temporal changes
in biophoton emission. This vivodensity thus is treated to modulate
metabolic activities responsible for photo-genesis pertinent to
biophotons. The hypothesis projects a decrease in the vivodensity
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in humans during growth beyond puberty, with the rate of decrease
dictated by a time constant set by the date of sexual maturity. The
hypothesis also proposes a modification of the vivodensity by the
phases of systemic or homeostatic physiology. The hypothesis further
postulates that the deviation of the physiology-modified vivodensity
from the pre-puberty level is deteriorated by acquired organ-specific
pathological conditions. The temporal differential change of vivodensity
is projected to be photo-genic, by proportionally modulating oxidative
stress that functions as the physical source of biophoton emission.
The age and systemic physiology combined determines the intensity
of the physiological photo-genic source that is simplified as being
centrally located within the body for analytical simplicity. An acquired
pathology sets both the intensity and generally an off-center position
of the pathological photo-genic source. The light emission from a
photo-genic source, wherever it is within the tissue, then must diffuse
through the human body in the process of propagating to the surface
before being detected. The human tissue involved in biophoton
propagation is treated as a homogeneous translucent spherical domain
for analytical convenience. The diffusive photon propagation in tissue
is modeled according to photon diffusion principles that account
for scattering and absorption of bulk tissue and incorporates an
extrapolated zero-boundary condition. When the age-commemorated,
physiology-commanded, and pathology-controlled modifications of
the photo-genic sources are implemented in the steady-state photon
diffusion model, the steady-state photon-fluence rate at the surface
of the human-simplifying spherical domain can reveal the patterns of
intensity dependence upon age, variations corresponding to systemic
physiology, and geometric asymmetry associated with significant
asymmetric pathological conditions as reported in experimental
spontaneous biophoton emission studies.

A HYPOTHESIS ON NEURO-MODULATED PHOTO-GENIC
SOURCING OF BIOPHOTON EMISSION
The scope of this work is to offer alternative insights on some
temporal and spatial patterns of biophoton emission in humans,
which indubitably represents the highest level of intelligence among
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organisms. We consider intelligence to be uniquely and ubiquitously
associated with neuronal activity that ceases when the organism loses
metabolic ability to excite or inhibit a neuronal firing. We represent
the condition of a neuron with respect to its normal activated state (in
either full excitatory or full inhibitory phase [Wilson & Cowan, 1972]) by
a phasor term of
		

		

(1)

where
of which
is the total number of originally
intact neurons. Denoting
as the number of viable
neurons at a given time, we would have
due to neurodegeneration. Apparently, the proportion of the viable neurons
with respect to the total number of originally intact neurons must
be bounded in [0,1]. We choose a simple function to represent this
dimensionless neuronal viability as the following
		

		

(2)

The condition
= 1 would indicate that all native neurons are
intact, and
= 0 would mark the complete death of the entire set
of neurons. Note that Eq. (2) is not the exclusive form of
in
representing the proportion of viable neurons over the course of life.
We further introduce a degree of coherence (dimensionless) to mark
how well the neuronal activities are coordinated at a given time, as the
following:
			

(3)

where the
of the numerator indicates temporal averaging. The in
the argument does not change the value of the time-averaging but will
remain for a future need to address neuronal activities for regulating
a specific metabolism. This
also has a value of [0,1]. The
condition of
= 0 indicates spontaneous neuronal activities that
are completely random, while
= 1 marks the condition impossible
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to reach with the activation of the entire set of neurons being exactly
in-phase. We then hypothesize that the live state of a human can be
treated as being associated with a collective state of autonomic neurocontrol in a scale of “vivodensity,” which has a spatially and temporally
resolved scalar value of
(unit:
) at a spatial position
and a time t. The scalar “vivodensity”
takes the following
form:
			

(4)

which includes a total mode-density

(unit:

)

represented by the following
			

(5)

where
is a mode-distribution function at a frequency
of neuron firing. The vivodensity
essentially defines the
maximal coherence among the energy “modes” of neuronal control that
an organism of intelligence is entitled to engage in. It can be expected
that the ability of autonomic neuro-control degrades as an intelligent
being ages, and the value represented by Eq. (4) shall decrease over age
and recede to zero at the cease of the life. According to the declining
survival rate of the human being as a function of age that becomes
pronounced at older ages (Sarna et al., 1993), we regard the natural
course from birth to death of human life to experience three systemic
changes that may occur synchronously: (1) the initial healthy increase
and later matured stabilization of the body volume-contents, (2) the
temporal variation of the biological phases by endocrine and exocrine
controls, and (3) the deterioration of the body functions due to acquired
pathological conditions. We will then represent the course of change of
as
		
where

(unit:

(6)
) denotes the “primo” state of
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“vivodensity” inherited from birth,
(unit: dimensionless)
represents the phase of the systemic or homeostatic physiology that
is endogenous to a healthy subject,
(unit: dimensionless)
accounts for the effect of an acquired pathology that is exogenous to
an otherwise healthy subject, and
(unit: dimensionless)
marks the terminal autonomic control of the site pertinent to the
acquired pathology. The basic declining behaviors of
from the “primo” level at birth due to aging and systemic physiology
and acquired pathology are conceptualized in Figure 2. Panel (A) marks
the initial level of “vivodensity” set at birth. Panel (B) specifies the
decrease of “vivodensity” as a result of growth and aging. Panel (C)
represents the deviation of “vivodensity” from the age-related level
due to modulation by systemic physiology. Panel (D) manifests the
degradation of “vivodensity” from the healthy level for a particular age
caused by acquired pathology.
Additionally, there are the needs of several absolute time-points
or characteristic ages of the course of natural human life that are
symbolized as the following:
is the time of birth,
is the
time of death,
is the time of puberty, so
is the life span and
is the age when puberty
starts. At one’s birth, the following initial conditions of the entities
shall be relevant:
,
, and
and
The values of these
parameters over the lifespan of the person for
is further constrained respectively as the following:

A pathological condition that is terminal or lethal is represented by
A normal autonomic control of a site in a pathological
condition is marked by
The complete loss of the
autonomic control at the site of a pathological condition is demarcated
by
For the normal course of a human life, it is reasonable to assume
that a life-shortening pathology is acquired after puberty, and the
“primo” state of the vivodensity
from birth to puberty
would be sustained at the initial level of
set at birth with the
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Figure 2. (A) The “vivodensity” bestowed on a person at birth. (B) The decrease of
the vivodensity of a healthy person due to aging. (C) The modulation of the
vivodensity of a healthy person by systemic physiology. (D) The degradation
of the vivodensity of a person from the healthy level by acquired pathology.

only modification incurred due to systemic or homeostatic physiology
. This results in a level-set representation of the vivodensity
as the following, with the use of the Heaviside or unit step function
(7)
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where
specifies the “primo” state of the vivodensity
counted from
as the person enters “adolescence,” which
decreases from the “primo” level as the following:
						

(8)

where
≤ 1 is a non-negative value corresponding to the
amount of degradation of
when compared to
.
We define the temporal differential deviation of vivodensity from the
systemic physiology modified birth state of
over the lifetime
as the following:
				

(9)

By using Eq. (7), it is straightforward to obtain the following:

		

(10)

Two entities of differential properties are introduced as shown,
respectively, in the following:
(11)

(12)
Equation (9) then becomes
		

where the first “differential” component associated with

(13)
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as specified by Eq. (11) denotes the temporal deviation of the “vivodensity”
from the “primo” state as a result of normal biological development,
and the second “differential” component associated with
as specified by Eq. (12) represents the further temporal deviation of the
“vivodensity” from the normal level for a particular age due to acquired
pathology.
Eq. (13) by referring to Eqs. (11) and (12) will infer the age-dependency of the temporal differentiation of
by setting
= 1 and
= 0, the effect of systemic physiology over a time
period by setting
= 0, and the outcome of acquired pathology at a given time point by setting
= 1.
We further hypothesize the vivodensity to be proportional to a
chemical potential of the metabolic aspect (Piao, 2020b) which may
regulate how a systemic perturbation to metabolism is transferred to
a local photo-genesis process to cause observable temporal changes
in biophoton emission, through the oxidative bio-chemical pathways
that produce free radicals with ROS (Slawinski et al., 1992; Burgos
et al., 2016). And this chain reaction can be treated as the changing
rate of “vivodensity” that modulates oxidative stress. Integrating the
spatially resolved temporal differentiation of the “vivodensity” changes
represented by Eqs. (11) and (12) over the body-scaled volume gives rise
to two spectrally and temporally resolved photo-genic intensity terms
to be assigned as the sources of photo-genesis:
		

(14)

		

(15)

where
(unit: cm–3) is the spectrally and temporally resolved
physiological-photogenic volumetric transfer-factor, and
(unit: cm–3) is the spectrally and temporally resolved pathologicalphotogenic volumetric transfer-factor. For simplicity, we treat the
human body as a volume of spherical domain of radius
as shown
in Figure 3. The physiological photo-genic source
(unit:
W . cm–3) is set at the center of the spherical domain, whereas the
pathological photo-genic source
(unit: W . cm–3) that may be
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weighted for a single, serious, organ-specific pathology could be positioned at any distance
to the center. The spherical coordinates of
the pathological photo-genic source
are set as
or for convenience of visualization at the 3 o’clock position with
respect to the center of the spherical body. The spectral and temporal
dependences of the photo-genic sources
and
are
not considered in this work, i.e.,
thus
and
are steady-state sources that will facilitate
analysis of the simplest steady-state photon propagation in body
volume.

Figure 3. The human body is simplified as a geometric sphere with a radius
The physiological photo-genic source
is set at the center of
the spherical domain, or with the spherical coordinates of (0,0,0).
The pathological photo-genic source
is at
which is
positioned at the 3 o’clock position with respect to the spherical center, at
. The distance of any position on or off the spherical surface to
the pathological source
is denoted as
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NUMERICAL EVALUATION OF STEADY-STATE SURFACE
PATTERNS OF BIOPHOTON EMISSION
We show in the Appendix how the steady-state diffusion of light
with spectral relevancy to spontaneous biophoton emission (i.e., in the
VIS/NIR band of the biological window for which the photon diffusion
analysis is conventional) is treated with the necessary approximation to
facilitate numerical evaluation of the problem in a spherical humansize tissue geometry with the pertinent boundary condition. In this
section, we use the photo-genic terms of Eqs. (14) and (15) to illustrate
the general bulk surface pattern, which manifests an aura-like hue, of
steady-state biophoton emission.
Eq. (A13) (Appendix) can be implemented numerically to assess the
patterns of steady-state photon-fluence rate presenting at or beyond
the air-interfacing boundary of the human-representing spherical
homogeneous tissue domain, in association with the physiological
photo-genic source
alone or with the addition of the pathological photo-genic source
. The distribution of the steadystate photon-fluence rate across the surface of the human-representing
spherical domain and expanding to the extrapolated zero-boundary
is exemplified in Figure 4. The tissue medium used for all numerical
evaluations in this section is specified with the following dimensional
and optical properties: a radius of
, an absorption coefficient of
cm–1, a reduced scattering coefficient of
cm–1, and a refractive index of n = 1.4. The tissue optical properties
result in a distance of
of the extrapolated zeroboundary from the tissue boundary, which is only 1.1% of the radius
of the spherical domain. When the tissue medium represented by
the spherical domain contains only the centered physiological photogenic source
, the photon-fluence rate on the entire spherical
boundary has to be circumferentially uniform, and the photon-fluence
rate will decrease from the tissue boundary to become zero at the
extrapolated zero-boundary. The degradation of the steady-state
photon-fluence rate from the tissue boundary to the extrapolated zeroboundary over an entire azimuthal or elevational circle will appear as
a thin circular strip (i.e., aura-like hue) of 0.11 cm thick around the
spherical tissue domain. To better visualize this thin circular strip of the
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steady-state photon-fluence rate around the spherical tissue domain in
Figure 4, the evaluation of Eq. (A13) over the space beyond the tissue
boundary is conducted over a radial distance of 10 times of
,
i.e., a 1.1-cm distance from the tissue boundary as the strip of lower
color value outside the dashed circle demarcating the spherical tissue
boundary. In obtaining Figure 4, the following additional parameters
are necessary:
and
= 0. The circumferentially uniform photon-fluence rate across the spherical tissue domain
represents the 2-dimentional projection of the photon-fluence rate
measured on the surface of the spherical tissue domain, as is the case
for measurement/imaging using a planar, pixelated photon-detection
device. The steady-state photon-fluence rate projected on the surface of
a spherical tissue domain of the associated optical properties with a 10cm radius and an extremely weak source of
at the
center is at the level of
(corresponding to 25

Figure 4. Example of the distribution of the photon-fluence rate across the surface
of the human-representing spherical domain and expanding to the
extrapolated boundary. The degradation of the photon-fluence rate from
the tissue boundary to the extrapolated boundary over an entire azimuthal
or elevational circle is illustrated as a thin circular strip around the
spherical tissue domain.
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counts of 500 nm photons per second per cm2), and drops to zero at
the extrapolated zero-boundary that in actual scale is just about 0.11
cm or 1.1 mm away from the tissue boundary of the specified optical
properties. A smaller difference of the refractive index between tissue
and air could push the extrapolated zero-boundary away from the tissue
to make the hue-like margin broader.

ASSIMILATION OF SOMATIC TEMPORAL AND SPATIAL
PATTERNS OF BIOPHOTON EMISSION
In the following sections, we demonstrate how the temporal and
spatial patterns of biophoton emission measured on the surface of the
spherical domain can be modulated by modulating the photo-genesis
to reveal some global or somatic patterns that have been shown to be
associated with the activities of intelligent beings including human and
rodent models of human disease.
The numerical implementations of Eq. (A13) are configured in
three different cases of the photo-genic sources that all change at rates
that are extremely slow compared with the time of photon propagation
in tissue. This will result in the temporal pace of the surface photon
emission to be dictated by the temporal pattern of photo-genesis that
may be further modified by the spatial configuration of photo-genesis
with respect to the surface measurement (Piao, 2020a). The following
analyses will reveal, respectively, the most apparent superficial temporal
and spatial patterns of age-dependency, physiological variation, and
pathological asymmetry of the steady-state photon-fluence rate at the
surface of the spherical domain. It is noted that the macroscopic temporal
variation is assessed via relative changes of the steady-state photonfluence rate evaluated at the same spatial location over a macroscopic
timescale that is many orders greater than the time of light propagation
in the tissue domain. Therefore, when the steady-state photon-fluence
rate is to be evaluated at one position to assess the temporal changes
at any macroscopic duration, the position of the field point is set at
the spherical tissue boundary and at the 3 o’clock position, and the
resulting steady-state photon-fluence rate is normalized by comparing
with data from the literature of spontaneous steady-state biophoton
emission that are reproduced with the copyrighters’ permissions.
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Presentation of Age Dependency
In order to simulate age dependency, it is necessary to specify
the timescale characteristics of physiological photo-genesis. We define
as the age of a person’s first opposite-sex sexual intercourse
(FOSSI). A person who commits heterosexual activities at
least once in their life will have
A person who remains a virgin will have
.
We define the systemic photo-genesis of biophoton emission as a
result of aging to take the following form
			
		
(16)
where the time constant
by the following

takes a slowly reducing form represented
		

(17)

where a is a positive number or an aging factor. The age dependency
and gender difference of the photon-fluence rate at the boundary of
the spherical tissue domain is simulated by removing
and setting the following parameters: the puberty age
of males is 13,
the puberty age
of females is 11, the FOSSI age
of
both males and females is age 20, the aging factor is specified as a =
2, and a lifespan is 75 years. The male tissue density is assumed to be
greater than the female at the same age, leading to stronger intensity
of the physiological photo-genic source
for males at otherwise
identical settings of the parameters. Alternatively, stronger adipose fat
content in females could cause a higher scattering attenuation of the
photon propagation to result in less photon emission at the surface
of the body under the same physical dimensions and photo-genic
conditions. A literature report showing the dependency of spontaneous
biophoton counts on age and the difference in biophoton counts
between males and females is reproduced with permission from the
publisher (He et al., 2016) as shown in Figure 5A. In panel (A) there is a
smaller downward-pointing arrow pointing to an age group of 11 to 14
years for both males and females, at which the biophoton count starts

Te m p o ra l a n d S p a t i a l Pa t t e r n s o f B i o p h o t o n E m i s s i o n i n H u m a n s

36 3

to increase noticeably. That age range is projected to indicate puberty.
In panel (A) there is a larger upward-pointing arrow pointing to an age
group of 41 to 50 years for the female group that may be interpreted as
menopause onset. That menopause-inferring change is not included in
the numerical model analysis per se. The numerical results as specified
heretofore are plotted in Figure 5(B) with the assumption that the
photon-fluence rate has a baseline count at the same levels as in the
literature report.

Figure 5. (A) The age dependency and gender difference in biophoton emission,
demonstrated in a literature study (He et al., 2016), and (B) the simulated
photon-fluence rate at the boundary of the spherical tissue. In panel (A),
the small arrow (pointing downward) pointing toward age group 11–14 for
both males and females, is the point at which the spontaneous biophoton
count started to increase noticeably. That age group is projected to indicate
puberty. In (A), the larger upward-pointing arrow points to the female age
group 41–50 and may be interpreted as indicating menopause onset.
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Presentation of Diurnal Variation
The variation of the photon fluence rate revealed at the boundary
of the spherical tissue domain as a function of short-term homeostatic
changes over a duration of 24 hours is simulated by removing
and setting
and thus
to change periodically.
A known diurnal variation of the spontaneous biophoton count
is adopted from an open access publication (Cifra et al., 2007)
as shown in Figure 6(A). The spontaneous biophoton emission
intensity revealed a trough in the later afternoon and a peak in early

Figure 6. (A) The diurnal variation of biophoton counts adopted from Cifra et al. (2007).
The biophoton emission intensity revealed a trough later in the afternoon
and a peak in the early morning. That diurnal variation over a range of
approximately 90–110% of the mid-line level can be directly associated
with the circadian cycle. The variation of the photon-fluence rate revealed
at the boundary of the spherical tissue domain as a function of shortterm homeostatic changes is simulated by removing
and setting
to change periodically. The circadian cycle is implemented into the
intensity of the physiological photo-genic source in Eq. (13) by setting
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morning. That diurnal variation over a range of approximately 90–
110% of the mid-line level can be directly attributed to the circadian
cycle. The circadian cycle is thus implemented into the intensity
of the physiological photo-genic source in Eq. (A13) by setting
This circadian-like systemic
change results in
oscillating between 1 and 0.8. The
resulting photon-fluence rate as shown in Figure 6(B) varies at a cycle
close to that manifested by the noisier presentation shown in panel
(A).

Presentation of Spatial Asymmetry Associated with an Asymmetric
Pathological Condition
The spatial asymmetry of the surface photon-fluence rate can be
induced by placing a pathological photo-genic source off-center in the
spherical domain. Such a possibility is demonstrated in Figure 7 in
referencing the asymmetric spontaneous biophoton emission intensity
that became aggregated as the tumor-load at the right axillary of a
breast cancer mouse model increased (reproduced with permission
from the publisher) (Zhao et al., 2017). The tumor volume is modeled
as increasing exponentially (Jiang et al., 2011). The tumor volumes of
respectively less than 0.5 cm in diameter, between 1 cm and 1.5 cm in
diameter, and greater than 1.5 m in diameter as specified on panel (A)
are modeled as
as plotted on panel
(B). The resulting numerical value of the tumor size is scaled down to
1% and used as the intensity of the pathological photo-genic source
that is placed at 1 cm off-center at the right-lateral aspect and
1 cm off-center at the right anterior aspect, as illustrated in the left
column of panel (C). In comparison, the centered physiological photogenic source
is set to have an intensity of 1. The intensity ratios
of the centered physiological photo-genic source
over the
slightly off-centered pathological photo-genic source
for the
three sizes of the tumor load are thus respectively 1 vs. 0.0195, 1 vs
0.0379, and 1 vs. 0.739. The resulting photon fluence rate over the
surface of the spherical tissue domain that is projected onto the middle
cross-section and surrounded by a thin strip of the space beyond the
tissue boundary is presented in the middle column of panel (C). The
left–right asymmetry of the surface photon-fluence rate becomes

366

Daquing Piao

Figure 7. (A) The asymmetric biophoton emission intensity that became aggregated
as the tumor-load at the right axillary of a breast cancer mouse model increased (Zhao et al., 2017). The tumor volumes of, respectively, < 0.5 cm in
diameter, between 1 cm and 1.5 cm in diameter, and greater than 1.5 cm in
diameter as specified on panel (A) are scaled as
as plotted on panel (B). The resulting numerical value of the tumor size
is scaled to 1% and used as the intensity of the pathological photo-genic
source
that is placed at 1 cm off-center at the right-lateral aspect
and 1 cm off-center at the right anterior aspect, as illustrated in the left
column of panel (C). The resulting photon-fluence rate over the surface of
the spherical tissue domain that is projected to the middle cross-section
and surrounded by a thin strip of the space beyond the tissue boundary
is presented in the middle column of panel (C). The 1-dimensional profile
along the diameter crossing the 9 o’clock position to the 3 o’clock position
of the 2-dimensional photon-fluence rate map of the middle column of
panel (C) is given at the right column of panel (C).
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pronounced as the localized pathological photo-genic source increases
in intensity. The 1-dimensional profile along the diameter crossing the
9 o’clock position to the 3 o’clock position of the 2-dimensional photonfluence rate map of the middle column of panel (C) is given at the
right column. For a baseline arbitrary photon-fluence rate of 300 over
the tissue domain that is least affected by the pathological photo-genic
source, the global change of the maximal photon-fluence rate in the
right lateral region of the side of the pathological photo-genic source
increases from the baseline level to approximately 600. The pattern of
the photon-fluence rate at the right lateral side is similar to that of the
literature pattern of spontaneous biophoton emission shown on panel
(A). Meanwhile, the maximal photon-fluence rate in the contra-lateral
aspect of the pathological photo-genic source has increased slightly
from the baseline, as the left–right difference becomes pronounced.
This pattern of slight change of the contra-lateral normal side can also
be associated with the spontaneous biophoton emission pattern shown
on panel (A).

DISCUSSION
This work is intended to initiate a quantitative model-based
interpretation of a few superficial patterns of steady-state spontaneous
biophoton emission in humans to model human disease of holistic
concern. These patterns of biophoton emission have presented
associations with age, systemic physiology, and localized pathological
conditions. An obvious limitation of the proposed approach is the
unresolved problem regarding the exact physical mechanism of
autonomic regulation of biophoton emission which, unfortunately, is
prohibitive to answer and thus remains to be speculated upon at the
current stage. As a result, the proposed model only simulates the general
life processes from a macro perspective, by including birth, sexual
maturity, aging, and possible significant pathological states of human
beings as the macroscopic factors influencing the origin of biophoton
emission through an oxidative stress pathway that could be influenced
by autonomic neuromodulation. In addition, the contribution of
organs to oxidative stress as the chemical source of photo-genesis is
complex and thus discourages the simple expression of its translation

368

Daquing Piao

to the (single) source of biophoton emission, even though the model
could serve as a starting intuitive platform that can be augmented with
more complexity of the disease model in the context of photo-genesis.
Another apparent limitation of this model is the arbitrary valuing of the
photo-genic factor for converting the hypothetical differential change
of the vivodensity to a physical source of light emission. The photogenic factor could not be specified unless the hypothetical alternative
state of the energy scaled as “vivodensity” can somehow be examined.
Another limitation is the modeling of the human tissue volume as
a translucent and homogeneous spherical domain, even though it
perhaps be more realistic than the more commonly treated semiinfinite tissue domain. Human tissue is also extremely heterogeneous
concerning photon propagation. The advantage of the present
spherical tissue domain is the involvement of only one boundary, as
the geometry involves essentially a radial dependency. A more practical
geometry of representing human tissue volume in terms of photon
propagation may be a cylindrical domain of finite-length within which
the similar photon diffusion approach can be applied, and in which the
heterogeneity in tissue optical properties for photon propagation can
be included. Applying the photon diffusion approach to a finite-length
cylindrical tissue domain would also require considering the boundary
at two orientations, one along the radial dimension and the other along
the polar aspect. That treatment may reveal that the strips of photon
emission at the cranial and caudal aspects of the human body differ
from the strips of photon emission at the lateral aspects of the human
body (Van Wijk et al., 2014), a presentation that may have interesting
implications for bioenergy practices. Treating heterogeneous tissue
optical properties will incur considerably more complex treatment than
is dealt with in this present work.
In this work, the physiological photo-genic source is hypothesized
to be located at the center of the human tissue domain and concerns
the systemic influence of any homeostatic causes governed by
autonomic responses. Additionally, the localization of the pathological
photo-genic causes at only one off-center source is rather arbitrary. But
the results associated with a single off-center pathological photo-genic
source can be conveniently expanded to the case of having multiple
pathological conditions that each demands an individual photo-genic
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source or a cluster of sources that can be weighted according to the
tissue mass or volume affected. In such cases, multiple pathological
photo-genic sources of different intensities (and different temporal
presentations) can be localized at different positions that potentially
represent their site-specific anatomy, and the spatially resolved photonfluence rates resulting from those multiple pathological photo-genic
sources can be combined in perhaps a linear format to inform the
composite photon-fluence rate at the surface, and further configured
in three dimensions for tomography or topography needs. For a more
complicated tissue geometry and tissue with heterogeneous optical
properties, the computation of the surface photon-fluence rate may
be conducted by using numerical procedures such as finite-element
methods (FEM) (Arridge et al., 2000) for solving photon propagation
problems. Implementing numerical methods such as FEM may also
allow addressing complicated pathological photo-genic causes that
are better represented by the source modeled over a continuous tissue
volume of arbitrary shapes or extents if they all contribute to the
hypothetical photo-genesis through the oxidative stress process that
ultimately involves autonomic control.
The pathological condition has been hypothetically linked in this
model with neuronal control in deriving the photo-genic source term.
A site of pathology that has lost autonomic control will likely lead to
no change of the vivodensity, and thus a smaller or zero intensity of
the photon-genic source. A smaller photo-genic source will result
in a smaller superficial photon-fluence rate at the geometric side of
the pathological condition, or equivalently higher superficial photonfluence rate at the contra-lateral side. This arrangement of autonomic
control has made the model output consistent with the observation
of lower spontaneous biophoton emission at the hand of hemiparesis
when compared with the normal contra-lateral hand (Jung et al., 2003).
The validity of the photo-genic effect of autonomic control for the
superficial patterns of spontaneous biophoton emission is subject to
experimental examinations.
The macroscopic-scale temporal changes of the superficial
photon-fluence rate have been estimated in this work for a single case
of diurnal-like variation over a short 24-hour period. The approach is
applicable, however, to modeling macroscopically presented, temporal
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changes over a timescale much different from a day-long period.
In order to evaluate the temporal changes of the superficial photon
fluence rate over a longer-than-a-day scale, we will need to know
how the homeostatic changes over the same timescale may alter the
physiological photo-genic process. The methodological conveniences
of estimating the macroscopic-scale superficial photon-fluence rate, on
the other hand, may facilitate modeling the microscopic-scale temporal
pattern of biophoton emission under short and strong stimulation
or stress. This will require treating the photon diffusion problem as a
strictly temporal problem with fast time-responses, not the steady-state
problem with slower temporal modulation of the photo-genic source as
is simplified in this part of the work for superficial profiling of steadystate spontaneous biophoton emission. Works based on time-domain
photon propagation approaches have been demonstrated by the author
to address the kinetics of the changes of biophoton emission induced by
external stress that exerts significantly faster modulation to the photogenesis (Piao, 2020a; Piao, 2020b). The theoretical outcomes of those
works agree with what others have observed (Chwirot, 1988; Hagens et
al., 2008) and seem to support the central hypothesis of this work.
We note that, regardless of the complexity of model approaches
to explain biophoton phenomena appearing to co-exist in humans, it
may become unavoidable to consider human factors in addressing the
observations. And consideration of human factors will likely be plausible
by implementing neuronal activities as a source of modulating biological
responses that will determine the physical origin of biophoton emission,
or the variation of biophoton emission as a result of external conditions.
Since neuronal activities give rise to bioelectrical signals, assessing the
neuro-electrical signals synchronously with the registration of any
changes in biophoton emissions in humans, or a faculty of neuronal
control, may provide unprecedented insights into the mechanism of
biophoton emission and inter-neural communication.

CONCLUSIONS
In conclusion, we have presented an analytical hypothesis for
the interpretation of a few patterns of steady-state spontaneous
biophoton emission in humans, including the dependency on age,
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diurnal variation, and the geometric asymmetry associated with serious
asymmetrical pathological conditions. The hypothesis has assumed a
collective state of autonomic neuro-energy expressed as vivodensity,
which is considered to be associated with only metabolically active
organisms that are also under neuronal control. This vivodensity
represents the maximal coherence among the energy “modes” of
neuronal control that an intelligent being represented by humans is
entitled to engage in at a given time of life. This vivodensity is linked
to modulating metabolic activities responsible for photo-genesis
pertinent to biophoton emission. The hypothesis projects a decrease
of vivodensity in humans during growth beyond puberty, with the rate
of decrease dictated by a timescale set by the date of sexual maturity.
The hypothesis also projects a modification of the vivodensity by the
phases of systemic or homeostatic physiology. The hypothesis further
postulates that the deviation of the physiology-modified vivodensity
from the pre-puberty level is deteriorated by acquired organ-specific
pathological conditions. A temporal differential change of vivodensity
is hypothesized to ultimately cause the variations in oxidative stress that
have been known to be a primary physical source of biophoton emission.
The human geometry model is simplified as a homogeneous spherical
domain. The resulting steady-state diffusion of the photon emitted
from a photo-genic source in the human geometry model is modeled
by steady-state photon diffusion incorporating an extrapolated zeroboundary condition. The physiological photo-genic source is centered,
and its intensity is determined by the age and systemic physiology
combined. Comparatively, an acquired asymmetric pathology sets
both the intensity and the off-center position of the pathological
photo-genic source. When the photo-genic sources are implemented
in the photon diffusion model, the steady-state photon-fluence rate
at the surface of the simplified human-representing spherical domain
resembles the superficially presented patterns of age-dependency,
homeostatic variation, and pathology-induced asymmetry of spontaneous biophoton emission reported in experimental studies. The
analytical method has had the applicability demonstrated in a timedomain analysis, for interpreting the delayed-emission kinetics of
biophoton emission under stimulation.
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APPENDIX
Steady-State Photon Diffusion in an Unbounded Medium of Spherical
Geometry
With the placement of a steady-state photo-genic source in the spherical
tissue domain representing the human body, the steady-state propagation
of the photon in the spherical domain that is several orders greater than the
photon-scattering path-length in a biological tissue can be readily modeled
by the diffusion approximation to the radiative transfer equation (Ishimaru,
1989). The human body is treated in the present work as a globally homogeneous diffusive medium containing localized steady-state spatially impulsive
photo-genic sources. The diffusive tissue medium is characterized by the following properties: absorption coefficient
[unit: cm–1], reduced scatter–1
]
ing coefficient
[unit: cm ], diffusion coefficient
[unit: cm], and effective attenuation coefficient
[unit: cm–1]. For a field or detection position at
within
the globally homogeneous tissue domain including that on the tissue–air
boundary, the steady-state photon-fluence rate
(unit: Ws–1cm–2)
satisfies the following governing equation (Contini et al., 1997):
						

(A1)

where
is a source term, which is also subject to a boundary condition
as all boundary-involved electromagnetic problems are. For an infinite
homogeneous medium containing a steady-state point source at
with an
intensity S as represented by
Eq. (A1) has the well-known Green’s
function solution of (Zhang et al., 2010):
			

(A2)

Eq. (A2) can also be written in the following form of Eigen function
expansion (Piao et al., 2015):
(A3)

where il and kl are respectively the l-th order modified spherical Bessel function of the first and the second kinds,
and
are, respectively,
the smaller and greater radial coordinates between the source and the detector,
and Ylm is the spherical harmonics function.
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Treatment of the Boundary Condition Associated with Steady-State
Biophoton Emission from a Spherical Surface
With regard to the effect on photon-fluence rate by the tissue–air
boundary, it has been established that the photon-fluence rate does not become
zero at a field position immediately beyond the tissue boundary; instead, a
more accurate treatment of an extrapolated zero-boundary condition sets zero
for the photon-fluence rate at a distance away from the tissue boundary—
the so-called extrapolated zero-boundary (Haskell et al., 1994). Figure 3 with
the implementation of the extrapolated zero-boundary is illustrated in Figure
A1. A field
point on or beyond the spherical tissue boundary locates at
with
. The application of the extrapolated zero-

Figure A1. The human body containing a physiological photo-genic source of
at the center of the spherical domain, and a single pathological photogenetic
source at
. The photon emitted by a
photo-genic source diffuses in the human body and encounters a
refractive index discontinuity at the body boundary. The effect of the
tissue–air boundary is accounted for by setting the photon-fluence rate
at an imaginary boundary extrapolated from the physical boundary at a
distance of Rb. The image of the single pathological photo-genetic source
is located at the radial direction
of due to the obvious
symmetry. The intensity of the image of the single pathological photogenetic source
may become –
in the case of the tissue
becoming a semi-infinite domain.
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boundary condition to the photon fluence associated with any source within
the tissue medium is satisfied by introducing an “image” of the source with
respect to the extrapolated zero-boundary that is co-centric with and at a radial
distance of
outward from the physical boundary (Piao et al.,
2015) where
and n is the refractive index of the air-bounding tissue. As the composite
photon-fluence rate resulting from both the physical source in the tissue
medium and the image of it becomes zero at the extrapolated zero-boundary,
the composite positive photon-fluence rate elsewhere resulting from the
same two sources of one being physical and the other being imaginary thus
become the solution in the associated physical space within the body volume
or beyond the boundary, according to the unique characteristics of all the
electromagnetic properties.
For the pathological photo-genic source
located off-center at
the geometric symmetry determines that the image of it with
respect to the extrapolated zero-boundary must be located along the same radial
direction. The source
and its image with respect to the extrapolated
zero-boundary thus collectively set at zero the photon-fluence rate on the
extrapolated zero-boundary. Based on Eq. (A3), the photon-fluence rate
associated with the pathological photo-genic source
and evaluating
on the extrapolated zero-boundary, for which the source locates at
=
and the field point locates at
is

			

(A4)

where the notation "left right " indicates evaluating the “left” term as the
source and the “right” term as the field position. Note that any “l”th order (or
moment) of the pathological photo-genic source has the same intensity as
.Similarly, the photon-fluence rate associated with the image of the
pathological photo-genic source, and evaluated on the extrapolated zeroboundary, for which the source now is located at a radial position of a to-bedetermined r> and the detector located at
is
(A5)
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where the term
is different for different “l” (or moment). Based on the
essence of “image-source” (Zhang et al., 2010; Piao et al., 2015), the two
unknown
terms
a n d r> associated with the l-th order (or mo
ment) “image” source (the component) can be expressed by a single
unknown term
associated with the same order (or moment) of the
actual pathological photo-genic source
located within the tissue at
(the il component), as the following:
		

		

(A6)

Applying the extrapolated zero-boundary condition of
leads to
		

		

(A7)

Now for the photon-fluence rate associated with the pathological photogenic source at
but evaluating at a field point between the
body boundary and the extrapolated zero-boundary, the source still locates at
=
but the detector or the field point locates at
where
For the photon-fluence rate associated with the image
of the pathological photo-genic source and also evaluating at a field point
between the body boundary and the extrapolated zero-boundary, the field point
now is located at
and the source terms are known through
=
Eqs. (A6) and (A7). Collectively the composite photon-fluence rate originating
from a pathological photo-genic source at
and sensed by a
detector or field point at
between the body boundary and
the extrapolated zero-boundary becomes:

(A8)
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Equation (A8) contains two parts: the “1” in the bracket represents the
infinite-medium contribution to the photon-fluence rate by the pathological
photo-genic source
that can be expressed in the simple form of Eq.
(A2); and the other term in the bracket scales the infinite-medium contribution
to the photon-fluence rate by the image of the pathological photo-genic
source with respect to the former one. By using some analytics of the
modified spherical Bessel function and Eq. (A2), Eq. (A8) is converted to the
following form (Piao et al., 2015)

		
where

(A9)
are respectively the

order modified

Bessel function of the first and the second kinds. For a human body simplified
as a spherical domain, it is easy to have an
(i.e., 10 cm) that is substantially
greater than 10 times and to have the second term in the bracket of Eq. (A9)
approximated by
		
(A10)

Thus, Eq. (A9) will be changed to a trivial form of
						 		 (A11)

Eq. (A11), which is associated with the pathological photo-genic source of
, conveniently satisfies the condition of producing a zero composite
photon-fluence rate at the extrapolated zero-boundary, whereupon
Eq. (A11) also determines that the photon-fluence rate associated
with the pathological photo-genic
source of which decreases
monotoni-cally from the body
boundary to the extrapolated
zero-boundary. One can find that a hypothetical movement of the photo-genic
source like the pathological one from toward the center of the
spherical domain can maintain the
boundary-resulted composite photonfluence rate in the form
of Eq. (A11), with the length dimension
varying according to the
position of the photo-genic source. The hypothetical experiment infers that
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the boundary-resulted composite photon-fluence rate at a field point at
in association with a physiological photo-genic source
located at the center of the spherical domain can be represented as the
following:
			

(A12)

where
is the distance from the physiological photo-genic source to the
field point. When both the physiological photo-genic source
and the
pathological photo-genic source
are considered as the origins of the
photon emission causing photon distribution beyond the spherical boundary,
the composite photon-fluence rate at a field point
is thus the
combination of the respective photon-fluence rates of Eqs. (A1) and (A12), as
the following:

			

(A13)

Regarding Slow Photon Sourcing for Steady-State Biophoton Emission
Ideally, the temporal profile of the photons measured at the tissue
surface shall be the convolution of the source temporal profile with the
temporal point-spread function of the photon diffusion process. All changes of
biophotons measured at the surface over the scales assessed in this work can
be safely treated as infinitely large compared with the time that a biophoton
takes to propagate from a site of photo-genesis to the surface. This essentially
makes the surface measurement of biophotons follow exactly the temporal
pace of the photo-genesis term, which shall reflect what has happened due to
physiological, environmental, or pathological conditions.
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Maier et al. (2018) reported a study that tested mind–matter effects
in a micro-psychokinesis (micro-PK) task. They found strong evidence
against micro-Pk in a Bayesian analysis of the aggregate sample’s mean
score when tested against its expectation value. In addition, they
performed supplementary post hoc analyses testing the sequential
time course of the effect among participants; these additional tests
aimed to explore a postulated systematic time-dependent variation of
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this effect. Unsystematic variations of micro-PK effects, and thus an
overall decline of effect sizes across studies, have been theoretically
postulated by von Lucadou et al. (2007) and meta-analyses seemed to
confirm their proposition (see Walach et al., 2014, p. 624). Maier et al.
(2018) slightly extended this innovative approach by arguing that the
time course of experimental evidence for micro-PK effects will vary in a
systematic and oscillative manner, rather than varying unsystematically.
Their argument maintains that any violations of the core principles of
standard quantum mechanics, such as the randomness postulate,
would also violate the Second Law of Thermodynamics. Consequently,
the authors suspected a time-delayed entropic counter-mechanism
that, through interaction with the micro-PK effect, might lead to an
oscillative change in the evidence for that effect over time. Accordingly,
this should lead to non-random periodic changes of the effect. Maier et
al. (2018) estimated a harmonic oscillative function of the experimental
data, represented as a cumulative z-score that varied with increased
sample size, and compared the oscillation amplitude parameter and
its confidence interval with that of one set of simulated data.
Grote (2018) criticizes this procedure on two levels: First, he
argues that due to its cumulative nature the cumulative z-score,
which possesses strong similarities with the sequential Bayes Factor
of the main analysis, must always have a tendency to decline given
a constant oscillation of an original effect size; this is because more
data go into the z-score calculation. The authors of this paper agree
with Grote’s argument that artificial oscillations are, to an extent,
produced by accumulation of the effect among participants. However,
these authors argue that these method-specific variations of evidence
for the effect can be controlled by comparing the experimental data
with an enormous number of simulated data that have been treated
with the same accumulation algorithm. In the analyses provided below,
we provide 10,000 simulated datasets that match the human data in
every methodological detail. These data were obtained using the same
true random number generator (tRNG) with which Maier et al.’s (2018)
participants interacted. If more pronounced systematic variations
with significantly higher amplitudes were to be found in the original
experimental data as compared with these control datasets, then any
artificial contributions could be ruled out since they were kept constant.
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Grote’s (2018) second argument was based on an empirical
finding. Specifically, when Grote compared the
-score of the
experimental data reported by Maier et al. (2018) with 1,000 control
data created by random permutations of the original data, more than
38% of the simulated
-parameters were higher than the ones in the
original data. These authors agree with Grote’s conclusion that this
indicates an insignificant difference from these random datasets.
These authors, however, do not agree with Grote’s conclusion
that these higher dominant frequencies found within many of the
simulated s contradict Maier et al.’s theory of non-random, highamplitude oscillations in the experimental data. Conversely, these
authors argue that the method used by Maier et al. (2018), when
estimating the frequency parameter and its amplitude, was insufficient.
In an additional post hoc analysis, these authors therefore applied
a state-of-the-art methodology to the original sequential Bayesian
analysis to identify non-random, periodic variations therein. The Bayes
Factor is strongly indicative of evidence for a micro-PK effect (as well as
its counter-mechanism) and was originally used by Maier et al. (2018)
to test the existence of micro-PK. The new non-randomness check was
applied to this sequential Bayes factor representing the micro-PK effect.
The analysis performed has previously been used in many scientific
fields to determine periodicity of time series data. This mathematical
approach, which uses an algorithm called the Fast Fourier Transform
(FFT), can be used for a time series. FFT explores periodic dynamics
or rhythms in time series data, disaggregating any dynamic pattern
therein into its sinusoidal frequency components (Penrose, 2017, p.
461). The amplitudes of these components obtained from the sequential
Bayes Factor were then compared with those received from the FFTs of
10,000 simulated datasets that were obtained from the same tRNG
used in the Maier et al. (2018) research and their sequential Bayes
Factors (each with an n = 12,571).
An FFT was conducted on the sequential Bayesian analysis of the
original experimental data, as well as on each of the 10,000 simulated
datasets, using a sampling rate of 1/12,571. Since the resulting transform
is symmetrical, only the first half is considered in the analysis.
Subsequently, we compared the amplitudes of these 6,285 frequencies
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(12,571/2) of the original human data, with those of the simulated
control data. To perform a test of significance, all amplitudes obtained
from the FFT of the human dataset were added up, creating a sum
score (Sumamp). In the same way for each of the 10,000 simulations,
the sum score of amplitudes was computed. The distribution of the
sum scores of amplitudes across all simulations then served as the null
distribution (see Figure 1). The sum score of amplitudes of the human

Figure 1. Density distribution for the Sumamp-scores obtained from FFT analyses
performed with 10,000 simulations (black line = null distribution). The
red line (straight vertical line) indicates the Sumamp obtained from the FFT
performed on the sequential Bayes Factor of the human data. The blue
(shaded) area indicates the number of simulations that produced smaller
Sumamps in their FFTs (90.74%).
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dataset was Sumamp = 7.51. Only 926 of the 10,000 simulations’ Sumampscores (9.26%) reached a Sumamp-score of 7.51 or higher.
In sum, the experimental data provided by Maier et al. (2018)
contain a marginally significant amount of non-random periodic
changes across time. This finding does not fully support Maier et
al.’s (2018) post hoc claim that non-random, periodic changes with
amplitudes higher than those expected from chance occur in their
data. However, the statistical trend provides some hints that exploring
oscillation patterns might be a fruitful strategy to test micro-PK effects
in future studies.
A systematic variation of micro-PK effects, rather than their
unsystematic disappearance over time, seems to be the viable
hypothesis. In future research, micro-PK effects and similar psi-related
phenomena should be analyzed according to non-random periodic
changes using FFT analyses, rather than testing an overall mean score
of the sample against chance (see, e.g., Dechamps & Maier, 2019).

REFERENCES
Dechamps, M. C., & Maier, M. A. (2019). How smokers change their world and how
the world responds: Testing the oscillatory nature of micro-psychokinetic
observer effects on addiction-related stimuli. Journal of Scientific Exploration,
33(3), 406–434.
Grote, H. (2018). Commentary: Intentional observer effects on quantum randomness: A Bayesian analysis reveals evidence against micro-psychokinesis.
Frontiers in Psychology, 9, 1350. https://www.frontiersin.org/articles/10.3389/
fpsyg.2018.01350/full
Maier, M. A., Dechamps, M. C., & Pflitsch, M. (2018). Intentional observer effects
on quantum randomness: A Bayesian analysis reveals evidence against
micro-psychokinesis. Frontiers in Psychology, 9, 379. https://doi.org/10.3389/
fpsyg.2018.00379
Penrose, R. (2017). Fashion, faith, and fantasy in the new physics of the universe.
Princeton University Press.
von Lucadou, W., Römer, H., & Walach, H. (2007). Synchronistic phenomena as

38 8

M . A . M a i e r, M . C . D e c h a m p s, a n d G . S c h i e p e k

entanglement correlations in Generalized Quantum Theory. Journal of Consciousness Studies, 14(4), 50–74.
Walach, H., von Ludacou, W., & Römer, H. (2014). Parapsychological phenomena
as examples of generalized nonlocal correlations—A theoretical framework.
Journal of Scientific Exploration, 28(4), 605–631.

Journal of Scientific Exploration, Vol. 35, No. 2, pp. 389–404, 2021

0892-3310/21

ESSAY REVIEW
Historical Views of Spiritism and Mediumship in Spain, 1880–1930
Ciencia y Espiritismo en España, 1880–1930 [Science and Spiritism in
Spain, 1880–1930] by Andrea Graus. Comares, 2019. viii + 134 pp. €14
(paperback). ISBN 978-84-9045-898-3.
Reviewed by Carlos S. Alvarado
carlos@theazire.org
https://10.31275/20211843
Creative Commons License CC-BY-NC

INTRODUCTION
Little is known by non-Spanish speakers about the history of
Spiritism and psychical research in Spain. Standard English-language
sources such as Frank Podmore’s Modern Spiritualism (1902) and
Arthur Conan Doyle’s The History of Spiritualism (1926) do not cover
developments in that country.1 There is a useful historical outline of the
topic in philosopher and educator Mario Méndez Bejarano’s Historia de
la Filosofía en España Hasta el Siglo XX (n.d., Chapter 17, Part 14). Much
of relevance can be found in the new historiography about the subject
in Spain which, like that in some other countries, has grown in recent
decades.2 Other recent studies have included psychical research as well.
Particularly useful are the essays compiled by Annette Mülberger (2016)
in Los Límites de la Ciencia: Espiritismo, Hipnotismo y el Estudio de los
Fenómenos Paranormales (1850–1930), and articles about such topics
as the attitudes and approaches of specific investigators (Vilaplana
Traviera & Mülberger, 2003), turning tables (González de Pablo, 2006),
and prominent clairvoyance studies (Mülberger & Balltondre, 2013).
Andrea Graus, the author of the book reviewed here, has also made
various significant contributions.
Graus, a historian at the Centre Alexandre Koyré, has published
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various articles about mediumistic investigations, and the ideas
of Spanish physicians (e.g., Graus, 2015, 2016). This work has been
expanded in the book reviewed here, Ciencia y Espiritismo en España,
1880–1930 (see Figure 1).
Spiritism developed in the
second half of the nineteenth
century in Spain, following the
line of Allan Kardec, who was
particularly influential in France
(Sharp, 2006). From the 1850s
on, several Spanish mediums
and students of the subject
appeared. The Catholic Church
Figure 1. Andrea Graus and her book.
must have felt the movement
was growing too much, when on October 9, 1861, they burnt more than
300 spiritist books in Barcelona that came into the country illegally for
a French librarian who resided in the city.3
By 1888, when the first of various later international spiritist
congresses was held in Barcelona, spiritists included important leaders
such as writer Amalia Domingo y Soler (Figure 2), notary José María
Fernández Colavida, philosopher Manuel Sanz Benito, and politician
and journalist Viscount Antonio de Torres Solanot y Casas, all of whom
took part in the congress (Primer Congreso, 1888).
As stated by one of these
leaders, the movement came to
answer the questions raised in an
age of criticism and skepticism,
questions that neither science,
nor philosophy, nor religion could
answer. Spiritism was a “new
element of progress” that arrived
Figure 2. Amalia Domingo y Soler and at “the twilight of a passing age,
the cover of the proceedings of the and it is the dawn of a coming age”
first international Spiritism congress in
which “puts us in connection with
Barcelona, 1888.
the invisible world, showing us the
future life” (Torres Solanot, 1875, p. 69, italics in the original; this, and
other translations, are mine). This author stated he did not want to
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impose a belief but instead to invite people to study and experiment.
His writings, however, do not show a scientific approach, but rather
a missionary perspective that was common among other nineteenthcentury writers, both in Spain (Navarro Murillo, 1873–1874) and in other
countries (e.g., Brittan, 1851).4 The individuals covered in the book
reviewed here attempted to redefine Spiritism in Spain along more
scientific lines.

GRAUS’ BOOK
The author states that “by the end of the XIX century there was a
slow appropriation of mediumship from the scientific area, especially
within psychiatric and psychological domains” (p. 7). A new conception
of mediumship emerged that saw the phenomena as the result of the
powers of the living medium, as opposed to discarnate agency. The
phenomena “were caused by man, be they through unknown faculties
or by natural forces that mediums were able to channel” (p. 7). The book
is to some extent about representatives of these ideas in Spain.
Later in the book Graus briefly reviews the psychological, and
particularly clinical, approach to mediumship, arguing that the
“development of theories about automatism, multiple personalities, or
altered states of consciousness was strongly influenced by the study of
spiritist mediums, who were transformed into subjects of psychological
investigation” (pp. 35–36). This idea has generated a specialized literature
that has appeared in forums other than those devoted to history (e.g.,
Alvarado et. al., 2007).
The discussion includes mention of several pioneering nonSpanish writings about the pathology of mediums, such as the ideas
about dissociation of French psychopathologist Pierre Janet (p. 41).
Janet stated in his classic work L’Automatisme Psychologique (1889)
that the majority of mediums “are neuropaths, when they are not
frankly hysterics” (p. 404). Interestingly, and illustrating Graus’ general
outlook, an examination of Janet’s book shows that he was influenced
by psychical researchers. Janet cited the work of well-known English
classical scholar and psychical researcher Frederic W. H. Myers to
provide examples of dissociation and the phenomena of mediumship
(Janet, 1889, pp. 78, 121–122, 135–136, 371, 392–394, 403, 405, 415–419).
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He used this material, and writings from spiritists, to provide examples
of mediumistic communications in order to construct his model of
dissociation, an example of influence from a marginal discipline to a
more established one. But the use of Myers’ ideas was selective, that is,
Janet stripped them from their supernormal component and kept those
aspects of it that did not conflict with his views. Incidentally, although
Janet did not agree with Myers in several ways, he recognized that
Myers had presented a model of dissociation that was more developed
than what had been published before (Janet, 1889, p. 403).
Graus starts the first chapter with physician Manuel Otero Acevedo
(1865–1920; see Figure 3), who was born in Argentina but was educated
and worked mainly in Spain. Initially a self-confessed materialist and
a skeptic, this physician
eventually accepted the
reality of psychic phenomena
via his own observations and
study of the work of others.
For example, he conducted
observations about mental
suggestion and had séances
with Eusapia Palladino that
convinced him that her
Figure 3. Manuel Otero Acevedo and his book
phenomena were real. The
Los Espíritus.
latter were mentioned in the
second volume of his book Los Espíritus (Otero Acevedo, 1893–1895).
Otero had séances with the medium in Naples in 1888 and 1889. In a
section of the book (Vol. 2, pp. 217–255) he classified the phenomena
he observed as complete and partial levitations with the medium
touching the table; complete and partial levitations of a table when the
medium was not touching the table; action on distant objects; changes
of weight in tables; levitation of the medium; direct writing; luminous
phenomena (small lights and materialized forms); and impressions of
fingers, hands, and faces on plaster. Anyone familiar with the literature
about this medium will realize that similar effects were reported by
many others in later years (e.g., Carrington, 1909).
Otero several times saw violent movements of the séance table.
On one occasion he made the medium kneel on a chair and put
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both hands inside two cups full of water, hoping to control for hand
movements, but the table still moved around. He wrote:
[The table] responds to questions I ask with movements and blows,
and in turn asks if I am satisfied with the event . . . A notable peculiarity: The cups remain firm despite the swings of the table, as
if they were attached to the wood . . .” (Otero Acevedo, 1893–1895,
Vol. 2, p. 221)

The reports of materialized forms were even more impressive. In
one of them, Otero reported that the medium started saying her spine
was hurting, and she got nervous, yelled and writhed, and the curtains
of the mediumistic cabinet moved. He wrote:
The curtain is shaken again and at the door appeared the outline
of an arm that lengthened and quickly withdrew; waves its hand
as if saying hello, and disappears. Immediately it leans out by the
edge of the curtain, and at a height that corresponds to the screen
in the room [a lamp screen], the silhouette of a head, visible up
to the neck . . . The arm comes out again, the head makes some
movements and a shadow crosses the door. The head reappears on
the opposite side to the one that it previously occupied, and taking
a bow disappeared. (Otero Acevedo, 1893–1895, Vol. 2, pp. 246–247)

Interestingly, Graus makes a comparison between Otero and
Lombroso, who shared some correspondence. They both started their
study of mediums through Palladino and with an ingrained materialist
conviction. This led them to deny, a priori, the spiritist hypothesis.
Lombroso was influenced by German materialism and tried to give a
physiological explanation for mediumistic phenomena. Both of them
attempted to place the phenomena observed with Palladino within
“official science,” but when they could not find a satisfactory explanation
that could account for all the facts, they reached the conclusion that
there existed phenomena that seemed to explain the existence of spirit
(p. 32).
Also interesting, but beyond the scope of this study, is a topic I
have discussed before. I am referring to the influence of individuals
such as mediums who generate phenomena, in this case the impact
that Palladino had on the development of psychical research (Alvarado,
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1993). This included converting many individuals to the belief in
real physical phenomena, and, in the case of some, of spiritualistic
interpretations. Furthermore, this medium exerted much influence on
theoretical ideas of psychic forces via her phenomena and behaviors
(in interaction with the ideas and agendas of researchers), and in
generating for many people negative images of séance phenomena.
The second chapter is about the physician Víctor Melcior i Farré
(1860–1929), from the province of Lleida, in Catalonia (see Figure 4).
He represented what Graus refers to as an interest that instead of
emphasizing spirit action, concentrated on “the
interior aspects of the medium, in her subconscious,
to try to find the natural cause, psychophysiological,
of the spiritist marvels unexplained by science” (p.
36). However, Melcior’s approach, as Graus says,
differed from the point of view of psychopathologists
like Pierre Janet. While Janet only believed in
pathology, and not in veridical mental and physical
Figure 4. Víctor
manifestations, Melcior believed in the coexistence
Melcior i Farré.
of pathology and real phenomena in mediums. This
is a conceptual tradition upheld by a few theoreticians, as I have argued
in the case of Jules Bernard Luys’ ideas of “magnetic” pathology and
Cesare Lombroso’s explanations of Palladino’s physical phenomena
(Alvarado, 2019; Alvarado & Biondi, 2017). Interestingly, Graus states
that Melcior defended reincarnation following Kardec’s ideas (p. 37).
The author writes that Melcior believed that mediumistic communications, and the personality changes in mediums, were explained
by dissociation, and the physical phenomena by the projection of vital
force from the body of the medium. Neither process involved spirits of
the dead. Graus writes:
According to Melcior, the irradiation of such force did not always
manifest with the same intensity, which allowed [him] to classify
the subjects into three “psychic types”: the weak, the medium, and
the strong. . . . Melcior defended this stance saying the instability
of character and weakness of will facilitated this process . . . [and he
argued that] the passing of psychological doubling to the physical
depended on the degree of irradiation of the psychic force. In lower
levels it induced creaks, movement of objects, levitation, or appari-
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tions of lights. And last: “in the superior degree of doubling there
comes out the phantasmal body of a living person, moving to more
or less remote places, and coming to be recognized by the person
or persons to whom it appears.” (pp. 51–52)

Graus is right to relate these ideas to those of Albert de Rochas, who
argued that the exteriorization of forces from the body was associated
with a fluidic body or double. This had four phases of the exteriorization
of a double, the last one being a physical materialization of a human
body. This, according to de Rochas, consisted of “a galvanoplastic
transport of the matter of the physical body of the medium, matter
that comes from the physical body to occupy a similar position on the
fluidic body” (de Rochas, 1897, p. 27).
We are introduced to astronomer Josep Comas i Solà (1868–1937;
see Figure 5) in the third chapter, and to his séances with medium
Carmen Domínguez, who produced, among other
phenomena, materializations. While the astronomer
may have wanted to bring mediumistic phenomena
into science, Graus argues that the spiritists had
their own agenda. In her words: “The spiritists did
not get in contact with him so that we would confirm
the reality of the phenomena, but that, through
his authority, he would legitimize them within the
scientific sphere” (p. 85). Unfortunately, the whole Figure 5. Josep
enterprise did not go well, for Comas accused the Comas i Solà.
medium of fraud, and he entered into controversies about her and
the proper way to study mediums, a topic he discussed in his book El
Espiritismo ante la Ciencia (n.d.).
In this book, Comas argued that the scientific study of natural
phenomena would always be legitimate. But a science “based on
the study of phenomena that flow from the consciousness of man is
condemned, due to its origin, to the infamy of lies” (Comas i Solà, n.d.,
p. 21), by which he referred to fraud. Interestingly, he went on to discuss
physical ideas of matter and energy, from which he speculated on the
mechanisms of mediumistic materialization, a phenomenon he did
not seem to believe in. In his book, Comas started out assuming that
the body of the medium showed a “lack of cohesion or a lack of unity
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in its organism” (p. 87) that involved the projection of an “individual”
from the medium’s body. This “new imponderable and invisible
individual, completely or partially away from the medium, would have
the same forces and the same mentality of the medium, but necessarily
diminished” (p. 88) and be similar in shape to the medium’s body.
In the fourth chapter we are introduced to physician Humbert
Torres i Barberà (1879–1955; see Figure 6), who was in contact with
French psychical researchers and studied the medium
Marcelle Morell. Graus points out that Torres was
educated in French metapsychics, and she provides a
brief overview of such developments (pp. 92–101).
Torres presented a series of public lectures in 1926
that show he was well-acquainted with the international
Figure 6.
Humbert Torres psychical research literature (De Todas Partes, 1926).
i Barberà.
The first part, consisting of three presentations, was
about phenomena produced by the living, among them telepathy,
exteriorization of sensitivity, telekinesis, and materializations. The second
part was about phenomena suggestive of discarnate agency. This had
two lectures about various mediumistic phenomena and recollection
of previous lives.5 The first included mechanical (table movements and
raps), graphic (photographs, automatic writing), spoken (possession,
direct writing), plastic (apparitions, materializations) and various other
kinds of phenomena (book tests, hauntings).
Graus comments than one of the strategies the French used to
separate themselves from Spiritism was a change of terminology, which
presented “a view of mediumship that can be defined as ‘properly’
metapsychic, in that it is destined to show the limits of this field and to
be demarcated from Spiritism” (p. 97). This view, I believe, is consistent
with Charles Richet’s definition of metapsychics without reference to
spirits or nonphysical processes. He proposed calling metapsychics “a
science which has as its object mechanical or psychological phenomena
due to forces which seem intelligent, or to unknown powers latent in
human intelligence” (Richet, 1922, p. 5, italics in original removed).
However, Torres was open to discarnate agency as an explanation.
In this chapter Graus presents two organizations that represented
attempts to organize metapsychics in Spain. These were the Instituto
de Metapsiquismo de Barcelona (founded in 1923) and the Sociedad
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Española de Estudios Metapsíquicos de Madrid (founded in 1924).
Both were short-lived and consequently not able to provide much
institutional support for psychic investigations. The first one was seen
by some of its founders as an attempt to use the scientific investigation
of psychic phenomena to assist Spiritism, but it does not seem to have
produced research. The second group was founded by Joaquín María
Argamasilla de la Cerda y Bayona (1870–1940), known as the marquis of
Santa Cara, who believed his son was a clairvoyant.6 Graus states that,
unfortunately, very little of the work of this organization was published.
In fact, she suggests that the purpose of the group may have been
for Santa Cara to establish his position as the main representative of
metapsychics in Spain.
The Sociedad published a journal, Revista de Estudios Metapsíquicos,
that defined the agenda of the organization as that of atheoretical
experimental investigations of psychic phenomena. Announcements
appeared in the journal asking the public for information about and
access to individuals with psychic faculties. This reminds me of the
situation at the beginning of the Society for Psychical Research in
London. A letter appeared in The Times (of London) on Christmas day
of 1883, asking for cases of various types of psychic phenomena to be
sent to Edmund Gurney or to Frederic W. H. Myers (Advertisement,
1883). Similarly, the Proceedings of the Society also asked members to
conduct thought-transference experiments, and to send information
about mediums and haunted houses, as well as published accounts
of psychic phenomena found in biographies and in other published
sources (To Members, 1883).
Graus reminds us that, in Spain, the relationship between academic psychology and metapsychics was affected by the nascent
state of the first discipline. This led some psychologists to engage in
boundary work to demarcate between metapsychics and psychology.
Here the author introduces the work of psychologist and Jesuit
priest Father Fernando María Palmés (1879–1963), who was a strong
enemy of metapsychics. “Together with psychologists such as Jastrow
in the United States, he argued that only those who were experts in
experimental psychology could judge the reality of spiritist phenomena
and he assumed the role of guardian of scientific knowledge”
regarding metapsychics and Spiritism (p. 113). His attitude, continues
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Graus, shows that “psychology in Spain still was on fragile ground and
struggled for its own scientific legitimacy” (p. 113).7

SUMMARY
Graus’ book is a valuable contribution to the historiography of
both Spanish psychical research and mediumship. Her discussions of
the above-mentioned individuals not only enlarge our knowledge of
specific investigations and ideas, but also show that the researches she
focuses on were connected with what was happening in other countries.
In addition to the individuals she focuses on, Graus also rescues
from oblivion other figures such as the above-mentioned Palmés.
This is important because in giving space to Palmés she reminds us
that the history of psychical research is not only the study of the work
of proponents for the reality of the phenomena, but also includes
critics, something that is not always recognized by contemporary
parapsychologists.
Furthermore, she notices that there is no evidence of connections
between the various research projects, or of important institutional
developments, even though she mentions some organizations. The
fact that their work took place outside academia did not lead the
researchers to consider that their work was not scientific. They instead
hoped for the development of a new field of study based mainly on the
study of mediums. “In this sense, they believed that the investigation of
mediums could mean an advance in scientific knowledge, and trusted
that their work would one day be recognized as pioneering” (p. 116).
The author also, rightly in my view, questions the use of the term
pseudoscience.
From the historiographic point of view, to be interested in Spiritism and in psychical research is not to ask oneself what turns
these fields pseudoscientific, or if they are the mere product
of a fraud. The history of the so-called pseudosciences is . . . a
way of getting closer to science, of understanding how knowledge functions in this context and to investigate how scientists mark their terrain and assume positions in society. (p. 117)

Furthermore, Graus sees that the persons she discussed contrib-
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uted to scientific knowledge during difficult times. That is, when their
topics were being highly criticized and when the “professionalization
of science defined what and who formed part of a scientific domain”
(p. 117).
Graus presents a valuable contribution to the history of psychical
research in her discussion of the work and ideas of the abovementioned men, individuals who have not been well-represented in the
international historiography of the subject. She argues at the end of the
book that she is not saying that the persons discussed in the book were
eccentrics who were simply deceived by mediums. Regardless of the
neglect of their work by science at large, these researchers “contributed
to the production of a different kind of scientific knowledge, particularly
psychological and psychiatric” (p. 117). In conclusion, Graus writes that
the role of history is not to determine if a field is pseudoscientific, or
if fraud is a likely explanation. In her view the history of the so-called
pseudosciences is a way to approach science (p. 117).
Graus’ focus on mediumship, and other phenomena, does not
emphasize Otero’s interest in showing the universality of psychic
phenomena in the history of humankind. This is the topic of the first
volume of his work Los Espíritus (Otero Acevedo, 1893–1895), where he
discussed belief and interest in psychic phenomena in past civilizations,
such as those of the Assyrians, Chaldeans, Egyptians, Etruscans,
Greeks, Hebrews, Indians, Phoenicians, and Romans. Such a massive
undertaking is part of a rhetorical tradition present in mesmeric and
spiritualist writings to support the reality and importance of psychic
phenomena by showing the universality of cases and beliefs across time
and cultures (Alvarado, 2014). Otero argued that the then current trends
to neglect and deny psychic phenomena show how little humanity
has learned about its own history. In his view: “Known from the most
remote antiquity, in the first civilizations of which news is preserved
today, they have subsisted in all ages, in all times and in all peoples,
because they are a manifestation of human organization” (Vol. 1, p. 29).
It should also be mentioned that the second volume of Los Espíritus
helped to publicize in Spain investigations of various individuals from
other countries. There are chapters about the work and ideas of William
Crookes, Johann C. F. Zöllner, Aleksandr Aksakov, Ercole Chiaia, and
Paul Gibier (Chapters 1–5, respectively). This allows us to see a further
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dimension of Otero’s work, that of popularizer and reviewer of the
history of psychical research. A further example is a series of 12 articles
that were published in the Spanish newspaper El Heraldo de Madrid,
in which the author discussed topics such as apparitions of the living,
materializations, mental suggestion, and the physical phenomena of
Eusapia Palladino (Otero Acevedo, 1891).

CONCLUDING REMARKS
There are several minor inconsistencies regarding what certain
authors said, and I have some disagreements with some statements,
but these shortcomings don’t detract from the overall value of the
book, the importance of her historical study, or her conclusions. Her
work is a pioneering one that I hope will inspire other research efforts
in Spain. To restate, Ciencia y Espiritismo en España, 1880–1930 not only
informs us about investigative and theoretical developments in Spain
that are generally unknown even to those interested in the histories of
Spiritism and psychical research, but it also illuminates social aspects
of that history, such as the main figures, their relation to local spiritists,
and contacts with foreign figures. The study also shows the existence
of Spanish theoretical ideas of pathology, the unconscious mind, and
unorthodox concepts of force. All of this shows the influence of foreign
concepts (mainly French), and the commonality of conceptual and
methodological issues in the international study of mediumship.

NOTES
1

2

3

For example, Spain is not represented in more recent overviews of
spiritualistic and psychical research topics such as Beloff ’s (1993)
general history of parapsychology and Moreman’s (2013) anthology
of articles about spiritualism and psychical research.
Some examples include Abend (2004) and Balltondre and Graus
(2016).
The burned materials included issues of Revue Spirite, Revue
Spiritualiste, and books by Allan Kardec, as well as by authors such
as Ermance Dufaux, A. Grand, and Ludwig von Guldenstubbe (La
Queue, 1861). In the anonymous article its author (probably Kardec),
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said that it seemed a dream that the fires of the Inquisition were still
burning in 1861 (p. 321). In addition, this author also wrote: “Thanks to
this reckless zeal, everyone in Spain will hear about Spiritism and will
want to know what it is . . .” (p. 323). Writing in a Spanish newspaper,
an anonymous author considered the book-burning an indication of
hypocrisy, fanatism, and barbarism (Untitled Article, 1861).
In other publications Torres-Solanot (1872) recognized the value of
empirical studies of psychic phenomena.
Torres (1923) had previously published an article about reincarnation
in which he classified cases in terms of recollections in the waking
state, those that were announced via visions, dreams, and spirit
communications, and those in which details were given through
hypnosis and mediumship.
Santa Cara’s son, Joaquín María Argamasilla de La Cerda y Elio (1905–
1985), received much publicity in Spain and was tested at the Institut
Métapsychique International (Mülberger & Balltondre, 2013). For a
prominent accusation of fraud outside of the Spanish context, see
Houdini (1924). Santa Cara (n.d.) was known in Spain for his studies
with clairvoyants.
For a discussion of Father Palmés, see Mülberger et al. (2001). I would
argue that Palmés’ work represents the agendas of at least two groups.
He represented psychologists and others who built boundaries
between established and unorthodox knowledge regarding psychic
phenomena (Brown, 1983; Coon, 1992). In addition, he was part of a
tradition of Catholic (and generally Christian) opposition to psychic
phenomena, sometimes labelling them as satanic. This opposition is
discussed in the context of other countries by Biondi (2013, Chapter
3) and Sharp (2006, pp. 140–145). It must be clarified that not all this
opposition came from the clergy, and that many members of the
clergy have been positive about the existence of psychic phenomena
(Nicol, 1966).
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Modern science made its mark by gaining knowledge and understanding in a bottom-up manner: starting with observed phenomena
and developing explanatory theories.
From about the middle of the 20th century, however, reliance on
accepted theories became increasingly dogmatic. One indication of
increasing dogmatism was a failure to acknowledge phenomena for
which no obvious explanation already existed—unidentified flying
objects, unidentified creatures (Loch Ness Monsters, yetis, Bigfoot),
parapsychological phenomena. Dissatisfaction with ignoring such
phenomena led to the founding of the Society for Scientific Exploration
as well as other, typically more topic-specialized, groups. A further
indication of increasing dogmatism was the continuing adherence in
many mainstream matters to explanations no longer consonant with
accumulating evidence (Bauer, 2012a).
Nevertheless, it continues to be widely believed that science is
carried on, and should be carried on, as described by the scientific
method: The validity of theories is judged by their adequacy in
explaining observable facts.
Lost in Math argues that theoretical physics is no longer a science
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in this sense, that it has become a playground of purely mathematical
speculation, with judgments of potential validity made not by appeal
to observables but to such aesthetic values or principles as elegance or
beauty.
The book is enormously informative, extremely well-written, highly
recommendable. Honestly and with full disclosure, Sabine Hossenfelder
describes in the first person her grappling with the dilemma that her
profession, theoretical physics, appears to be determinedly wrongheaded, at an impasse, a dead end, going nowhere, for instance
producing 193 models for the early universe and 500 theories to explain
a spurious signal (p. 235).
All the observed phenomena of fundamental particle physics
and of cosmology appear to be explainable by quantum mechanics,
special and general relativity, and the “standard model” that features
just 25 particles.1 However, there is no single mathematical formulation
that encompasses all physical phenomena. In particular, gravitation
and quantum mechanics are separate theories. Yet the community of
theoretical physicists believes—takes it on faith—that there must be a
single unified mathematical system from which all current theories can
be derived; and for perhaps as much as half a century, theoreticians
have attempted, without success, to find such a unified Theory of
Everything (TOE)—as Albert Einstein had tried, also without success,
for the last several decades of his life.
The Quest is based purely on faith because it lacks guidance
from empirical fact. In the past, new theoretical developments came
about in order to codify previously unexplainable phenomena. Lacking
such clues, the quest for a TOE is being guided by beliefs about what
properties the ultimate theory should have: simplicity, naturalness,
symmetry, elegance, beauty. All those exist in the eyes of beholders
rather than in any objective characteristic of mathematics or of
observable reality, however, and defy objective definition. Hossenfelder
gives splendidly understandable explanations for what those terms
mean to the theorists, for example “symmetry” (pp. 23–26), “beauty”
(p. 26 ff.), “naturalness” (pp. 91–94), “elegance” (pp. 94–95). She points
out that inspiration or guidance by such intuitions did lead to some
genuine advances in the past, but that they have also often led theorists
astray (pp. 32–33).
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String theory is also described lucidly
(pp. 172–76), as are black holes (pp. 182–185).
Readers further learn of particles that they
have probably never heard of before: preons,
sfermions, dyons, wimps, wimpzillas, cornucipons, cuscutons, and many more; even
“unparticles” (p. 198).
Lost in Math narrates Hossenfelder’s
conversations with theoretical physicists
seeking to clarify whether indeed the whole
profession, including its leading lights,
has abandoned the traditional scientific
approach of aiming to understand and explain empirical, observable,
phenomena. Reading the book is like getting a one-on-one, in-person
tutorial, from a first-rate teacher who is not only master of the technical
subject but also firmly grounded in common sense, as well as skilled
at explaining technical issues to outsiders. Most readers will not need
to take notes because each chapter concludes with a section “In Brief ”
that summarizes the chapter’s main points.
The book also offers well-founded insights into the circumstances
of contemporary science as a whole.
My enthusiastic praise for this book is echoed by many reviewers.2
Perhaps the most meaningful compliments come from members of
the physics community itself (e.g., Appell, 2018), especially those who
disagree with Hossenfelder on various specific points: “Although
I disagree . . . on many points, I recommend the book both as a
well-written, moving intellectual autobiography and as an excellent
exposition of some frontiers of foundational theoretical physics”
(Wilczek, 2018); a philosopher of science remarks, “I first state my main
disagreements. Then, I mostly praise the book” (Butterfield, 2019).
Hossenfelder exemplifies the ideal scientist: self-driven3 to seek
genuine understanding. That is not nowadays a promising career path,
as Hossenfelder is fully aware: “Several well-meaning friends have
tried to dissuade me from writing this book” (p. 197). Fortunately, she
ignored this advice, but a price is being paid: “Hossenfelder has had
a nomadic career of short-term research positions, but it would be
good if she could find a permanent home and some security. Today’s
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theoretical physics needs a few malcontents asking questions that
other scientists only ask themselves” (Appell, 2018). Indeed, science
as a whole sorely needs more dedicated truth-seekers willing to
overcome conflicts of interest and pressures from peers and patrons
and employers. As George Bernard Shaw noted, progress depends on
unreasonable people4—individuals regarded as unreasonable by their
peers because they refuse to capitulate to conformity and Groupthink;
say, Hossenfelder re theoretical physics; Peter Duesberg, Kary Mullis,
and others re HIV/AIDS, and other mavericks, cited for example in
Bauer (2012a). Anyone interested in benefiting from Hossenfelder’s
work and ideas can do so at her well-regarded blog, http://backreaction.
blogspot.com.
The first three chapters of Lost in Math are a historical survey of
advances in fundamental physics up to the present. Most of the rest of
the book relates interviews with leading theoreticians that accumulate
to make a convincing case for Hossenfelder’s views. There is simply no
sound reason to expect that subjective feelings of beauty or elegance,
or “Eureka” moments of exhilaration, would be a reliable indication
of having found genuine understanding of the real world: “Why
should the laws of nature care what I find beautiful?” (p. 3); “Science
is an organized enterprise to overcome the shortcomings of human
cognition and to avoid the fallacies of intuition” (p. 4).
Predictions that new effects would be seen in upcoming
experiments have been wrong time and again without destroying faith
in the basis for making the predictions (p. 94), reminiscent of Endof-the-World cults that continually revised their calculation of the
apocalyptic date instead of abandoning the disproven basic assumption
(Festinger et al., 1956).
A prize-winning physicist defended reliance on experienced
intuition by analogy with poker: “A royal flush is just as likely or
unlikely as any other hand. But there is still something about a royal
flush that cries out for an explanation if you get three in a row” (p. 111).
As Hossenfelder points out, that some striking coincidence attracts
human attention does not mark it as an insight into Nature’s realities;
humans including physicists tend to assume that coincidences must be
meaningful (p. 144), yet they may come about purely by chance, given
the large number of opportunities (Bauer, 2019).
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Hossenfelder writes with dry humor as well as passionately:
“This is possibly the nicest way I’ve ever been told I’m stupid” (p. 177).
When physicists base theories on something other than facts, “the
thought makes me sweat” how climate scientists might choose their
models (p. 34).5 After interviewing a prominent fellow theoretician, “I
understand why he has become so influential. In contrast to me, he
believes in what he does” (p. 85). “Theoretical physicists used to explain
what was observed. Now they try to explain why they can’t explain
what was not observed” (p. 108); as when they report their results as
finding “interesting bounds”: “In plain English, ‘interesting bounds’
means they didn’t find anything” (p. 201).6 “String theorists’ continuous
adaptation to conflicting evidence has become so entertaining . . .” (p.
174); “Why are so many jobs offered in string theory? Because string
theory is cheap. . . . offer a couple of jobs in string theory and you
have a modern physics department” (p. 174).7 “In case I left you with
the impression that we understand the theories we work with, I am
sorry, we don’t. We cannot actually solve the equations of the standard
model, so what we do instead is solve them approximately by what
is known as ‘perturbation theory’” (p. 193). “This isn’t the only math
problem with the standard model or quantum field theories more
generally. Another such problem is Haag’s theorem, which states that
all quantum field theories are trivial and physically irrelevant. That’s
somewhat disturbing, so physicists ignore the theorem” (p. 268, #22).
The book’s concluding Chapter 10 encompasses a concise yet
comprehensive description of the many forms of bias that are inherent
features of human nature and that explain how human beings can go
wrong individually, as well as in groups under the influences of peer
pressure and Groupthink. Thus, experimenters may subconsciously try
to replicate earlier work (p. 227 ff.). “The mother of all biases” is “the
insistence that we certainly are not biased” (p. 231).8
This chapter should be read by everyone, quite independently
of any interest in theoretical physics. Hossenfelder had noted earlier
the human tendency to appreciate things that are new and surprising
but not too much so (p. 89). I suspect she is not however familiar with
the mass of literature on minority views and unorthodoxies that is the
foundation and background of anomalistics and scientific exploration;
for example, in the book’s discussions of dark matter and dark energy
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I looked in vain for reference to the work of Halton Arp (1987, 1998)—
because if Arp is right, that some redshifts associated with quasars
are not a purely Doppler Effect, then current calculations of cosmic
distances and speeds are wrong and there may be no need to postulate
those “dark” things.
Beyond the inevitable biases, contemporary science can go
wrong because of its sheer growth. It is nowadays far from an elite
vocation, and research is also hindered by the intractable volume of the
specialized literature as well as career uncertainties and competition
for resources (pp. 153–56, 170). “Almost all scientists today have an
undisclosed conflict of interest between funding and honesty” (p. 197).
“In the United States, the income inequality in academia is now larger
than in industry or government” (p. 269, #2 citing Lok, 2016).
Appendix C (pp. 245–248) suggests how science might again
be made to behave as an unbiased, disinterested, truth-seeking
enterprise. Unfortunately, this is far from convincing. Hossenfelder’s
own experience, and this book, and other critiques of contemporary
science (Bauer, 2017b; Ritchie, 2020) show clearly enough that the
fundamental problem is that researchers are not independent
self-supporting entrepreneurs and can pursue research only with
resources made available by patrons, typically private or governmental
institutions; and those resources are coupled to incentives that are not
primarily to seek reliable truths about nature. Those incentives are what
lead science astray, emphasizing productivity measured in publications
or in commercial applications and making necessary a never-ending
competition for resources; there is “a natural selection for bad science”
(Smaldino & McElreath, 2016).
Lost in Math naturally stimulates a certain curiosity as to why
society should support for decades a venture that will almost certainly
result in no useful practical benefits. I suspect the answer is that physics
has managed to keep the enormous prestige and status attained
as a result of technical developments during World War II, most
especially atom bombs and nuclear power reactors.9 But it seems quite
inconceivable that any future theoretical advances could have anything
like the consequential practical impact as did E = mc2. Why then should
society provide a living for some 10,000 theorists (p. 1) and continue to
build enormously expensive machines? The Large Hadron Collider at
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the international European Organization for Nuclear Research (CERN)
in Switzerland costs about 1 billion dollars a year just to run; the last
discovery made there, the Higgs boson, is estimated to have cost more
than 13 billion dollars.10 It seems much more likely that socially useful
advances could come from areas that are currently dismissed as fringe
science, say the harnessing of Zero Point Energy (Yam, 1997) or LowEnergy Nuclear Reactions (“cold fusion”).11
Anyone interested in higher education might well be led also
to consider whether the old model of research universities may have
outlived its social value. Does it make sense that ground-breaking
original research should be demanded of everyone whose purported
primary role is actually the “higher” education of future generations?3
That is a whole other story, of course, and volumes have been written
about it elsewhere, for instance concerning postmodernist excesses like
“critical theory” and infatuation with French philosophers that captured
Departments of English Literature a couple of decades ago.
So Hossenfelder’s book is not only a wonderful exposition of
contemporary theoretical physics, it also stimulates thought on other
and more general topics of present-day concern.
NOTES
12 fermions (6 leptons and 6 quarks), 12 gauge bosons (Z, W–, W+, 8
gluons), and the Higgs boson.
2
More than a dozen favorable blurbs are gathered at https://www.
revolutionbooks.org/book/9781541646766.
		
Ratings at Goodreads averaged 4/5, and 4.6/5 at amazon.com. As
to those latter reviews: I’ve taken an interest in the significance, uses,
and abuses of unsolicited as well as anonymous comments ever since
my experience of anonymous student evaluation of teachers (“The
new generations: Students who don’t study”; http://faculty.tamucc.
edu/dcrumbley/Crumbley%20Homepage/students-who-dont-study.
html ). I’ve always remembered, too, the tour guide who solicited written
evaluations after our tour ended. I asked whether the company shared
these with her, and she replied, “Yes. But now I no longer read them,
because no matter how many nice ones there are, the one or two really
nasty ones are what stay with you and sour you on your next clients.”
1
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The 380 reviews on Amazon of Hossenfelder’s splendid book
provide similar insight into the routine presence of a proportion of
the ignorant or malicious commentary that fouls the Internet. Just
under 10% of the Amazon reviews of Lost in Math were less than very
favorable (less than 4/5). One very lengthy 2/5 review is by a prolific
non-anonymous individual whose 46 reviews of books and other
products averages 2.45 while all other reviewers gave those an overall
average rating of 4.0.
3
By contrast, the mass of research is nowadays done by people whose
curiosity is not self-driven but rather induced by career opportunities
and money—Gordon Tullock, The Organization of Inquiry, Duke
University Press, 1966 (reprinted 2004, Liberty Fund). My eight years
as a dean of arts and sciences (Bauer, 2012b) confirmed Tullock’s
observation: Most of the faculty viewed research as an obligation
rather than a vocation; thus a sociologist once asked me, “Now that
I’ve reached full professor, what remains for me to do?”
4
George Bernard Shaw, “Reason,” in “Maxims for Revolutionists,” pp.
281–282 in the 1946 Penguin edition of Man and Superman.
5
In fact, climate scientists are indeed much like theoretical physicists
in putting theory ahead of facts: They attempt to create computer
models of climate while ignoring long-standing facts in the geological
literature that demonstrate a lack of correlation between levels of
atmospheric carbon dioxide and global temperatures (Bauer, 2017a).
		
And economics, it turns out, is also in much the same boat
as theoretical physics: “economists . . . mistook beauty, clad in
impressive-looking mathematics, for truth,” according to Paul
Krugman (p. 224).
6
Just as medical scientists pretend to knowledge and understanding
when they speak of “essential” tremor and “idiopathic” conditions
when the causes are unknown or nothing can be done about it.
7
Citing Freeman Dyson, 2009, Birds and Frogs, Notices of the American
Mathematical Society, 56(2), 221. An old joke has a dean boasting about
saving money by growing the math department: “All they need are
paper, pencils, and wastebaskets”; which is topped by a dean who
favors sociology: “They don’t even need wastebaskets."
8
Illustrated for instance when researchers claim objectivity because of
using “the scientific method.”
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The credit has somehow accrued to physics, perhaps because
of Einstein and E = mc2, even though it was chemistry that first
recognized nuclear fission, and the atom-bomb project was a multidisciplinary effort involving, as well as physicists, mathematicians,
engineers, chemists, and far from least maestro administrators—one
of whom was indeed also a physicist.
10
Alex Knapp, How much does it cost to find a Higgs boson?, July 5,
2012, Forbes. https://www.forbes.com/sites/alexknapp/2012/07/05/
how-much-does-it-cost-to-find-a-higgs-boson/?sh=2c8372703948
11
See “A library of papers about cold fusion.” https://lenr-canr.org
9
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Strong emotions underlie many telepathic events. Brain waves, the
basis for electroencephalography, were discovered by Dr. Hans Berger
after he suffered a serious accident and his sister, hundreds of miles
away, who could not have known about this, sent a telegram to ask if
he was okay. Attempting to figure out how this could have happened,
Dr. Berger ultimately recorded the first brain electrical activity, from
his son. Similarly, a wife bolts upright from a deep sleep the moment
her husband is killed in battle, on another continent. A murder victim’s
life is later remembered by a child, unrelated and totally removed from
the event. A lecturer suddenly experiences a pain in his knee so severe
that he cannot continue his talk; simultaneously, it turns out, his twin
brother has been hit in the leg by a car.
Emotions are instinctive and form the core of human nature.
Michael A. Jawer, the author of Sensitive Soul, sees them as a “fundamental binding source” that connects humanity and makes the world
turn. He applies this thesis to a wide range of medical and paranormal
topics. Post-traumatic stress disorder is seen as an emotional sensitivity rather than a pathology. Migraines can be precipitated by emotions.
Autism is seen as an engulfing and terrifying bombardment of the
senses. Emotional stress may modify genes, via epigenetics, allowing
transmission of fear across generations.
Also covered is a wide range of phenomena that are incompletely
understood. Mirror senses (based in part on the discovery of mirror

416

Book Review

neurons), synesthesia—the ability that some
people have to blend the five senses such
as seeing colors when hearing sounds, outof-body experiences, dissociative disorders,
child prodigies, and environmental
sensitivities. And animals. A chimpanzee
enjoys a beautiful sunset, a dolphin is aware
that someone on a nearby ship has died.
Jawer feels that strong emotional content
drives these examples.
While emotional reactivity causes some
seemingly paranormal events, like telepathy,
it can also result from them, or simply
accompany them—the reader can position the cart and the horse. I’ve
known very emotional people who aren’t telepathic, and some stolid
folks who are. While about 70% of the American population holds some
paranormal belief, a much smaller fraction actually experience these
events, and an even smaller minority experience them regularly. Jawer
considers this last group to be “thin boundary” people, penetrable by
the strong emotions of others, even at great distances. Jawer’s theses are
consistently interesting, and Sensitive Soul is a consistently interesting
book, particularly in the very wide range of topics it covers, some of
which I mentioned above. The work is scholarly and well-referenced,
never boring, and very up-to-date on things that intrigue us. It belongs
on your bookshelf.
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This is a revised and updated version of Alexander’s book
published in 2010 under the same title. The changes are minor; there
are some additional reflections on the subject of Spiritualism by the
author, but mainly they consist of supplementary accounts from sitters
who have taken part in séances with Alexander since the original
publication. Some appear in chapters described as “seminars,” reported
chronologically, but in fact they are also witness accounts of séance
experiences. The most significant addition, in terms of reporting
startling new phenomena, is the Epilogue provided by American
journalist and author Leslie Kean. There is no index.
I found this book very readable. Also, having read it, I would find
it difficult to disagree with the descriptions of Alexander by the late
David Fontana (who provided the Foreword) and Annette Childs (who
provided An Appreciation) as a person of integrity and dedication, as
well as intelligence and good humor; in fact, “a true gentleman” (p.
xxiii).
Alexander, together with his brother, became a Spiritualist after
reading, in the early 1970s, On the Edge of the Etheric, first published
in 1931. That book, by J. Arthur Findlay (a Scottish businessman who
had an important influence on the development of the spiritualist
movement), provides a theory of the spirit world based on the evidence
of mediumship.
One can only admire the tenacity with which Alexander, having
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become convinced of the reality of that spirit world, sought contact with
it through the experience of mediumship. Spiritualist churches were
a disappointment, offering semi-religious services with mediumship
tacked on, while sitting in a variety of private home circles produced
nothing but endless “evenings of bewilderment and embarrassment”
(p. 5). Two years later Alexander started a home circle of his own, and
even though he had not set out to become a medium he eventually had
an experience “like merging with a presence” (p. 10), which turned out
to be his guide, White Feather. However, the experience was initially
frightening and uncomfortable, as well as questionable as to its nature:
Could it be a secondary personality?
Altogether it took a number of encounters with other mediums
and something like 14 years for Alexander to achieve demonstrable
mediumship, with total trance, voice phenomena coming through
with messages, and intricate movements of trumpets—the little metal
cones that usually feature in traditional physical mediumship séances.
Even when his circle matured into a coherent dedicated body with the
right mix of people, there were more blank sittings than good ones.
The story of Alexander’s mediumship is interspersed with those
of other mediums, some told to him by other people; they are secondor third-hand accounts from different periods, and with different
perspectives on well-known mediums such as Alec Harris, Helen
Duncan, Minnie Harrison, and George Valiantine, as well as those who
never entered public life. And since Alexander’s own development as a
medium involved very closely his family and friends, such as his circle
leader Roy Lister, it is also at times a very personal story, but never a
gossipy one.
Alexander’s séances, which by now have been going for many years
and been held at a number of venues, sound very traditional. They take
place in darkness, with a cabinet for the medium, and with trumpets
which during séances move through the air. Luminous tabs are placed
on the medium’s knees, the cabinet curtains, and the trumpets. The
numbers of sitters vary—it seems up to about a dozen. The medium
sits in an armchair, his wrists strapped to the arms of the chair with
plastic cable ties. There is also a table with a translucent red top that
can be illuminated by an adjustable light within it. After the opening
prayer and music, White Feather, Alexander’s control, speaks through
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him. A small number of regular “spirit
communicators,” with their individual
voices and personalities, help put
sitters at their ease and communicate
with those in the spirit world. This is
usually followed by a demonstration
of “matter through matter” phenomenon, where Alexander’s hand, held up
by an invited sitter, is seen to be free
of the cable tie and then witnessed
to be secured again to the arm of
the chair. Another demonstration
of materialization/dematerialization
involves a blob of ectoplasm appearing
on the illuminated translucent tabletop and forming into a hand. The
invited sitter, sitting at the table across from the medium, puts her
hand on the table and is able to touch the hand, which then withdraws
and melts away.
Many of the reports quoted in the book provide additional
interesting details, but the above summary is based on an article which
appeared in the Paranormal Review (Sutton, 2009), a quarterly published
by the Society for Psychical Research, summarizing Alexander’s séance
procedures and phenomena. It is reproduced by Alexander in the chapter
titled An Academic Treatise (pp. 123–137). The article’s author makes the
comment that the conditions would not satisfy “outright sceptics”
(p. 124); it seems to me that even open-minded skeptics might have
problems taking the phenomena at face value when the conditions are
fully controlled by the medium. At this point one might speculate about
possible ways and motives for producing the phenomena by normal
means, disregarding the numerous witness reports that point, at the
least, to remarkable feats of clairvoyance and psychokinesis. One could
also express regret about Alexander’s reluctance to take part in scientific
investigation. However, the latter becomes easier to understand if
one looks at the phenomena in light of the nature, consistency, and
strength of Alexander’s beliefs.
As I interpret his story, for Alexander the spirit world is totally real.
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His aim is to demonstrate to the world the existence of that other,
spirit world, through the evidence of physical mediumship. He is wellaware of mediums’ tricks and sitters’ delusions, he has sympathy with
the skeptics, but his sittings are not aimed at convincing investigators
or doubters, which he regards as pointless. His refusal to participate
in experiments with infrared or thermal imagery may have been the
reason why in the 1990s he parted company with the Noah’s Ark
Society, devoted to promoting physical mediumship, of which he had
been a prominent member. There may have been concerns about the
dangers of such technology, but his main aim throughout has been to
provide a link between this world and the spirit one, guided by his spirit
communicators. This could well be inhibited by trying to fit in with
test conditions imposed by outsiders. He also has a valid point when
he questions whether participating in tests, or producing a film of his
séances, would do anything to promote belief in the phenomena.
He can be quite scathing about today’s Spiritualism, with its
services and demonstrations, that “gives the message that Spiritualism
rests upon a system of belief rather than demonstrable factual evidence
of survival beyond the grave” (p. 257). It seems that what especially
appeals to him are the accounts of some fairly controversial mediums,
the most important one being Mina Crandon, to whom he devotes
two chapters. Presumably it was his interest in her that encouraged
the emergence during the séances in 1992 of Walter Stinson, Mina’s
brother, who died in 1911. Since then Walter has been taking charge
of the physical materializations and it is his materialized hand that the
sitters grasp on the illuminated table.
With Alexander, we do not get powerful and varied displays like
those of D. D. Home, Stainton Moses, or Franek Kluski. He did not
set out to be a medium, and his phenomena are controlled by the
“spirit people” and are comparatively limited in range. However, they
have steadily developed over the years and in 2000 the Spirit team was
joined by Dr. Franklin Barnett, a fully materialized entity that interacts
with the sitters, touching them and walking among them. From the
Epilogue by Leslie Kean we learn that sittings can now take place via
an iPad when she is in America, with successful book tests (where the
otherworldly communicator directs the sitter to a particular book, line,
and page to find a particular word) and a variety of anomalous events.
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Alexander makes clear his commitment to the worldview where
spirit communicators are real and influence events at the séances. His
witnesses over the years give very similar accounts of their experiences.
It seems that the current sitters are mostly known to each other and
deeply committed and, whatever the nature of the phenomena, the
emotions, elation, and sense of wonder are real.
Steve Hume, who reviewed the original version of the book for the
Journal of the Society for Psychical Research, had the benefit of not only
attending Stewart Alexander’s séance, but being in the séance room
right up to the sitting itself (setting up microphones). He was certain
that there were no wires attached to the trumpets, and that no wires
or accomplices could have produced the phenomena he witnessed
(Hume, 2011).
So perhaps Alexander has the right formula: his own empathetic
personality and strong belief, and a cohesive group of dedicated sitters;
conducive conditions helped by the darkness and not inhibited by
tests that might dampen the enthusiasm; there is also the immediate
feedback that strengthens belief, which then cumulatively builds
up in repeated séances. His sittings accord well with Batcheldor’s
formula for sitter-group success, and with his view that, “The sitter
group can be construed as a creative situation in which firm beliefs—
whatever form they may take—will largely shape and determine the
results” (Batcheldor, 1984, pp. 109–110). The vast literature on physical
mediumship and materializations of the past takes us into a world
where some people seem able to conjure up their own physical
realities, whatever else might be involved. Alexander’s book offers one
interpretation of such a world, one that works for him and his sitters. It
also makes for instructive and entertaining reading for those interested
in mediumship in general and physical mediumship in particular.

REFERENCES
Batcheldor, K. J. (1984). Contributions to the theory of PK induction from sittergroup work. Journal of the American Society for Psychical Research, 78, 105–122.
Hume, S. (2011). Extraordinary journey by Stewart Alexander [book review]. Journal
of the Society for Psychical Research, 75(3), 151–153.
Sutton, L. (2009). Contemporary physical mediumship. Stewart Alexander séances.
Paranormal Review, 51, 14–20.

Journal of Scientific Exploration, Vol. 35, No. 2, pp. 422–432, 2021

0892-3310/21

BOOK REVIEW
Science Fictions: How Fraud, Bias, Negligence, and Hype Undermine the Search for Truth by Stuart Ritchie. Metropolitan Books
(Henry Holt), 2020. 353 pp. $29.99 (hardcover). ISBN 978-1250222695.
Reviewed by Henry H. Bauer
Virginia Polytechnic Institute & State University
hhbauer@vt.edu; www.henryhbauer.homestead.com
https://10.31275/20211975
Creative Commons License CC-BY-NC

This book does a splendid job of describing and documenting
the dysfunctional features of contemporary science mentioned in the
book’s subtitle. Were I still teaching, I would have my students read this
book as the basis for many productive class discussions. The margins of
my copy overflow with notes, comments, and cues for further reading.
The 80 pages of endnotes, for some 260 pages of text, are the best and
most interesting documentation that I can recall ever finding in such a
book. At any rate, I recommend this book wholeheartedly; I doubt that
anyone interested in the nature of contemporary science will fail to be
informed and to find stimulation for further thought and reading.
The Preface already promises that this will be a page-turner.
Many will be astonished and disheartened by the fully documented
cases of outwardly distinguished academics whose work was largely or
completely fraudulent, as with Diederik Stapel (pp. 4–5 and later).
Ritchie quite appropriately sees replication as the essence of
science (p. 5): “If it won’t replicate, then it’s hard to describe what you’ve
done as scientific at all.” Note that this is an empirical statement, not the
Popperian criterion that theories must be falsifiable in principle if they
are to be regarded as scientific. If a claimed observable phenomenon
cannot be repeated, then we cannot know that it was real, that it
happened even once, when first claimed. That’s the continuing dilemma
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for parapsychology, cryptozoology, for anomalistics in general. Ritchie
points out that the scientific community failed to handle appropriately
the issue of replication in the case of Stapel, and also with Daryl Bem’s
claimed evidence of precognition. Overall, peer review and journal
publication practices have not saved science from “a dizzying array of
incompetence, delusion, lies, and self-deception” (p. 7).
Part I of the book, “Ought and Is,” illustrates that science does
not work as we think it should, for the most fundamental reason that
scientists are human beings engaged in a social activity (Chapter 1, How
Science Works; Chapter 2, The Replication Crisis). Science is socially
constructed, as is often said, but only in the sense that the subjective
inputs from individuals interact to yield something more objective, or
at least less subjective (p. 14).
Unwarranted dogmatism pollutes science. The book, Thinking Fast
and Slow, whose author Daniel Kahneman had won a Nobel Prize for
economics, garnered almost universal rave reviews, but half a dozen
years later, Kahneman confessed that he had been wrong in describing
studies of priming as being unquestionably true (p. 28). “Power posing”
was another fad widely greeted as an important psychological insight,
promoted by “the second-most-watched TED talk ever” and a bestselling book (p. 29) before being debunked. So too with the Stanford
Prison Experiment and the studies of obedience by Stanley Milgram,
which continue to be widely cited by pundits and others who have not
become aware of how badly flawed these studies were (pp. 29–30). The
trouble is that once the media have welcomed as true an important
claimed discovery, it continues to be mistakenly taken to be true by
huge swaths of society: The debunking never gets as enthusiastic and
prominent coverage as the initial claims of remarkable discovery. “The
studies that failed to replicate continue to be routinely cited both by
scientists and other writers: Entire lines of research, and bestselling
popular books, were being built on their foundation” (p. 32); and “these
are just the ones we know about” (p. 34). The lack of replication pervades
science as a whole, but it is most troublesome for society on matters of
medical research and practice (p. 38 ff.).
Part II of the book gives details of “Faults and Flaws”: Chapter 3
on fraud, Chapter 4 on bias, Chapter 5 on negligence, and Chapter 6 on
hype. These details should be read by everyone, and should be required
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reading for all scientists, researchers, and physicians.
As to fraud, it is chilling and hair-raising to read of the failure of
so distinguished an institution as Sweden’s Karolinska Institute to deal
with dishonest medical practices in its own bailiwick: artificial tracheas
that damaged innumerable people (p. 48 ff.). Ritchie makes the excellent
point that science’s long record of trustworthiness “might, perversely,
be what prevents it from spotting the bad actors in its midst” (p. 54).
The very top journals, Science and Nature, had published fraudulent
claims about cloning and about induced pluripotent (~stem) cells.
It seems virtually inevitable that many yet undiscovered instances of
deliberate fraud are present in less prestigious publications (p. 60). In
that connection it should be noted that is there is a continuing spate of
“predatory” journals established that ask authors to pay “processing”
charges for prompt, supposedly peer-reviewed publication online,
so that the publications are available to everyone, whereas the longestablished professional journals are available only to people with
access to academic and research libraries or to those who are prepared
to pay not-insignificant amounts for individual published articles.
The situation here is somewhat muddied as more and more of the
traditional professional journals also offer authors the option of paying
to have their articles immediately available online as “open access” on
the journals’ websites (p. 219).
Distinguishing fraud from honesty and genuine reports is
complicated by the fact that bad actors can sometimes achieve
genuine accomplishments: Woo Suk Hwang, the well-regarded Korean
researcher who perpetrated many frauds including the claim of cloning
a human embryo (p. 55), did in fact succeed in cloning an Afghan Hound
(p. 57).
When statistical analysis is fundamentally involved, there are
several approaches to detecting fraud; for example, “If a dataset looks
too neat, too tidily similar across different groups,” or if there are too
few missing data-points (p. 63), or if the distribution of numbers might
not be what is mathematically expected (p. 64). A lengthy endnote
describes Benford’s law, an empirical fact for which there seems to be
no satisfactory explanation, that “the first significant digit of the numbers in many data sets is far more likely to be low than high” (p. 275).
A general reason why fraud in science is so unexpected is it that
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the motives seem inscrutable.
Thus, Ritchie describes a case in
which it would have been easier
for the perpetrator of fraud to
have actually carried out the
study rather than doing the
intricate work needed to carry
out the fraud (p. 65). In some
cases it may be that a fraud
reflects the perpetrator’s utter
belief that his views are correct
and that producing the needed
data would just be too much
trouble (p. 71).
At any rate, the book is
spot-on in pointing out how
widespread and deep the
damage can be from fraud,
tarnishing the reputations of
many innocent colleagues and polluting the scientific literature for a
long time, because retractions do not become quickly or universally
known so that fraudulent articles continue to be mistakenly cited as
trustworthy (p. 74 ff.)
Chapter 4 grapples with the subtle, insidious factor of bias, which
is a universal human trait. One source may be the desire to get clear,
exciting results to support a pet theory, or to defeat a rival’s claims (p. 83).
Another is certainly the emphasis on publishing positive results only.
This has the disadvantage that failed attempts to replicate published
work are hidden from view (the so-called file-drawer problem), whereby
work that cannot be replicated may continue to be cited as though it
were meaningful. That is indeed a problem, but the suggestion that
publication should be based not on the results of a study but on the
soundness of its methodology (p. 85) may go too far; most people,
after all, are interested in learning only of noteworthy results, and it is
entirely rational for a journal to publish only what it believes may attract
subscribers and readers.
Ritchie gives an excellent explanation (p. 86 ff.) of the need for some
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objective criterion for deciding whether a given result is meaningful or
only accidental. The widely used “p ≤ .05” criterion is arbitrary as well
as quite weak; usually the effect size is more usefully meaningful, and
it is also important to note the size of the sample being tested. The
explanation of meta-analysis is also excellent, including a discussion
of the use of funnel plots to detect possible publication bias: Such bias
can distort the literature because published work will be slanted toward
large effect sizes. That can be particularly damaging in medicine, by
misleading as to the appropriate use of biomarkers (p. 94) and the
efficacy of drugs (p. 95).
The book does not cite the popular saw that “there are lies,
damned lies, and statistics,” or the version that “one can prove anything
by statistics”; but several examples are given of how inappropriate or
incompetent statistical analysis brings misleading publications into the
literature. One way is through “p-hacking”: Since the criterion of p ≤
.05 is so vital for getting articles published, all sorts of fudging may be
used to bring results below that level (p. 99). That this is quite common
is suggested by studies that found a remarkably high proportion of
published articles with p-values just below .05. A perhaps more subtle
misdeed is HARKing, Hypothesizing After the Results are Known: If the
original hypothesis is not substantiated, the data are searched for any
significant correlation, and the article later submitted for publication
pretends that this was the original hypothesis; .05 is 1 in 20, so one is
likely to find an apparently significant correlation for every 20 attempts.
Another pitfall for the unwary is overfitting of the data to an empirical
curve (p. 108).
A variety of inappropriate or incompetent statistical approaches
abound in the literature, found for instance even in the work of Brian
Wansink, who had achieved more than nearly three decades of a
truly distinguished career status (p. 98), until independent analyses
of the data led to his resignation (p. 102). Clinical trials in medicine
are increasingly suspect since they are paid for by self-interested drug
companies (p. 110 ff.). “You might wonder how doctors and their
patients are supposed to trust a medical literature that’s permeated with
bias . . . . I have no idea” (p. 112). When biases become shared among a
whole community, it constitutes a dangerous groupthink, for example
sustaining the belief that amyloid plaques are the cause of Alzheimer’s
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disease, against all the evidence that preventing or removing such
plaques is entirely ineffective (p. 114). Political ideology is yet another
possible source of bias.
The overall lesson, obvious but almost never learned, is that
when statistical analysis is an integral part of research, independent
professional statisticians ought to be consulted—and their advice
followed—in the initial planning of research protocols as well as in the
analysis of results (p. 209).
Chapter 5 deals with negligence. Some amusing and disheartening
examples are given, and the common-sense point is made that
published numbers should not obviously make no sense. It would
always be useful to ask: How could such a conclusion come to be
known? Was the sample large enough for adequate statistical power
(p. 134)?
It is again disheartening to read that “large-scale reviews have
. . . found under-powered research . . . [to be] rife in medical trials,
biomedical research more generally, economics, brain imaging,
nursing research, behavioral ecology, and . . . psychology” (p. 137).
Claims to identify genes responsible for IQ scores, depression,
schizophrenia, and a variety of other (usually behavioral) traits have
almost invariably turned out to result from under-powered statistics
(p. 141). It seems to have been forgotten that the founder of p-value
statistics, Ronald Fisher, pointed out a century ago that “complex traits
must be massively polygenic . . . related to many thousands of smalleffect genes” (p. 142).
Institutions and individuals routinely exaggerate the import
of claimed findings in order to gain public attention and funding.
Chapter 6 describes several egregious instances of this hype, including
the claimed discovery by NASA researchers of a life-form in which
arsenic atoms replace phosphorus, something that seems impossible
a priori; and indeed it was a mistaken claim. How very common hype
has become is shown by a number of studies that found in scientific
papers a striking increase since the 1970s in the use of such words
as “innovative,” “promising,” “unique,” “unprecedented.” (Examining
the frequency of word-usage in non-technical fields is facilitated by
Google’s “N-gram” application that searches a vast number of digitized
books from as far back as when books were first printed.)
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Hype, even when merely exaggeration rather than plainly
false, risks causing damage to the credibility of scientists, scientific
institutions, and science itself. Common instances include unwarranted
advice, for example as to diet or exercise, and ballyhooing supposed
medical advances on the basis of results only in cells in test tubes or in
experimental animals. Just as with fraud and with innocent mistakes,
the damage continues long after the scientific knowledge itself has been
corrected, as the corrections are not hyped as emphatically as the initial
claims had been. The detailed examples given in Chapter 6 deserve to
be read by everyone. The most egregious hype is often associated with
so-called emerging fields: stem cells, genetics, epigenetics, machine
learning, brain imaging, the microbiome (the countless millions of
microbes that infest our bodies) (pp. 160–161).
The book has a fine summary at the end of Chapter 6:
even though caution, restraint and skepticism are basic virtues of
science, we have a system that incentivizes the precise opposite.
Scientists are pushed into publishing as many papers as possible,
and hyping them up to the high heavens, by an academic system
that’s become an impediment to getting science right. (p. 172)

Part III of the book, “Causes and Cures,” adds little to that
summary. Chapter 7 spells out “Perverse Incentives” that have already
been indicated throughout earlier chapters: Seeking prestige and
wealth and careers, institutions and individuals both practice excessive
publication and hype. A misdeed not mentioned earlier is the faking of
peer review (p. 185 ff.) or of an individual’s “h-index” (p. 187 f.), which
was originally designed, like the “impact factor” (p. 190) for journals, to
measure quality rather than quantity. Neither does what was hoped,
as could have been foreseen under Goodhart’s Law: “When a measure
becomes the target, it ceases to be a good measure” (p. 192). It ought
to be obvious that objective numerical measurements and calculations
can never substitute for human judgment of quality or value.
I regret being unable to say anything good about Chapter 8,
“Fixing Science.” “The problems science faces are systemic, indicating
an entire culture gone awry” (p. 190). Indeed. And that culture has
gone awry not by itself but through the influence on it of the wider
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society, in which wealth and power and influence and status are the
desired outcomes, not at all what science supposedly seeks—the best
achievable, most objective understanding of the material world. Science
and scientists depend on the wider society for their resources, and the
values and aims of that wider society thereby come to govern scientific
activity. Trustworthy science depends on the honesty and integrity of
researchers (p. 21), but that is not what contemporary society rewards.
The fact that science publishing has become dominated by commercial
businesses like Elsevier and Springer makes it whistling in the wind to
suggest changes in publication practices toward making reliability and
truthfulness the prime objectives.
Science is a human and social activity, as Ritchie pointed out
early in the book. The overarching consequence is that there is really
only one feasible way to cure contemporary dysfunctions: to remove
the incentives that cause the regrettable behavior. But the present
system of incentives is the same as in society at large: Success means
to achieve status, influence, wealth, power. Researchers can become
successful only by attaining what the wider society values. Ritchie
himself recognizes that: “All we need to fix science is to give people the
right motivation” (p. 234).
The book quite properly describes as desiderata the Mertonian
Norms of “universalism,” “communality,” and “organized skepticism”;
but these had been identified by sociologist Robert Merton around
1940, and had been reasonably achievable in practice only in the
“good old days” when pure science was an ivory-tower activity largely
independent of outside influences, a cottage industry of independent
intellectual entrepreneurs, of comparatively little interest to the wider
society and depending hardly at all on the wider society for needed
resources; “pure” scientific research was then carried on with all
or almost all the needed resources provided by the researchers’
universities. World War II marked a sea change and a turning point
(Bauer 2017, Chapter 1), as outside funding of research increased
exponentially, culminating in the dysfunctional present state of affairs
in which, as John Ziman (1994) pointed out, the Mertonian Norms had
to be augmented with “originality,” the incentive to produce something
positively original, and where there is no longer any meaningful
distinction between “pure” and “applied” research.
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QUIBBLES AND CAVEATS
I recommend this book unreservedly. Its criticisms of contemporary scientific practices are appropriate, sound, superbly documented.
It should be seen as a compliment to the book’s meaty discussions that
some quibbles and caveats and points of disagreement seem called for.
Although what Ritchie says does apply to science overall, there
is a pervasive emphasis on statistical analysis, almost all of which is
scarcely relevant to physical science, where replicability and proof
and disproof are often much more straightforward. This bears noting
because society’s high regard for the trustworthiness of scientific facts,
knowledge, and understanding rests primarily on the achievements of
astronomy, physics, and chemistry, and it is important to realize that
nothing like the certainty attainable in those can be matched by medical
science or by the behavioral and social sciences where only knowledge
of a probabilistic, statistical nature is attainable.
Regarding statistics, the Bayesian approach is given too short
shrift. That the Bayesian prior is inherently subjective (p. 207 f.) doesn’t
matter; one can start with an arbitrary prior probability of 0.5, and
as evidence accumulates the Bayesian method brings the calculated
probability closer and closer to the objectively sustainable (“true”) one.
Matthews (1998, 1999) has explained why the Bayes method is even in
principle preferable to the frequentist p-value approach.
Ritchie is spot-on in describing science as socially constructed in
the sense that subjective interactions lead to less-subjective consensus;
but Ritchie is not a postmodernist relativist constructionist of the
former Edinburgh cult. But he might well have added that time is a
crucial element in making science more reliable.
As to “in recent years it’s become increasingly, painfully obvious
that peer review is far from the guarantee of accuracy and reliability it’s
cracked up to be” (p. 15), actually that was obvious half a century ago to
many practicing researchers; a wide-ranging discussion was published
four decades ago (Peters & Ceci, 1982).
The lack of a separate bibliography is a minor inconvenience; the
citations in the endnotes use a style common in the humanities, where
once a reference has been cited in full it is subsequently repeated only by
something like “Bauer, Dogmatism, pp. . . .”, leaving a reader to search
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earlier notes for full details of the source. It is not true, incidentally, that
retracted articles always remain available on a journal’s website (p. 66);
it might be just the abstract or the original citation that remains (for
example, Goodson, 2014).
That Andrew Wakefield’s claims were fraudulent about autism
and the MMR (measles mumps rubella) vaccine (pp. 76, 225) remains
controversial (Canary Party, 2015). Such terms as “vaccine skeptic” (p.
78 ff.) or “anti-vaxxer” are pejorative and unwarranted; in most cases,
“vaccine skeptics” are not opposed to vaccination as such but rather
point to the unsatisfactory and often damaging so-called “side” effects
of some vaccines, for example Cervarix and Gardasil against HPV
(Holland et al., 2018).
The book is wrong in accepting the view that HIV is sexually
transmitted (p. 239) and that HIV causes AIDS (p. 244); and in accepting
the mainstream views on climate change (pp. 13, 34). Those last points
drive home the danger warned against by President Eisenhower (1961):
“in holding scientific research and discovery in respect, as we should,
we must also be alert to the equal and opposite danger that public
policy could itself become the captive of a scientific–technological elite.”
It is instructive and also dismaying that so well-read and insightful
an author as Stuart Ritchie has been misled in this way on topics where
the mainstream consensus is clearly contradicted by profuse evidence
in the professional literature (Bauer, 2012, pp. 18–29). Active researchers
like Ritchie have no practical alternative to trusting what researchers
in other fields conclude; and even someone so aware as Ritchie of the
dysfunctions of contemporary science has not yet realized that public
policies on important matters can be as badly mistaken nowadays as a
century ago when accepted expert opinion about eugenics led to the
forced sterilization of tens of thousands of Americans during about
half of the 20th century.
Such public tragedies may be avoidable only if the scientific
community learns to examine without preconception the possible
merits of minority views, and if a truly impartial authority is established
to provide governments, and also non-governmental institutions, with
as objective and unbiased as possible an assessment of the relative
merits of mainstream views and minority dissenting views—for
instance a Science Court (Bauer, 2017, Chapter 12).
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At long last, after 31 years, the first book by noted British zoologist
and cryptozoologist Karl Shuker has been expanded and updated.
Mystery Cats of the World first appeared in 1989 and was the only
book to review feline cryptids worldwide. In this 2020 edition, Shuker
repeats this admirable achievement, and in the process gives us a solid
overview of current knowledge of felid evolution, taxonomy, and genetic
variation. In fact, the only feline mystery cat he does not describe is
Hello Kitty. This edition will leave you purring with cryptozoological
delight.
Shuker has more than kept up with cryptozoology over the years,
keeping the public informed with numerous popular books on dragons,
new and rediscovered animals, the Loch Ness monster, and many
other lesser-known cryptids. His ShukerNature blog (2009 to present)
and his regular “Alien Zoo” column in Fortean Times provide an alwaysfascinating glimpse into ongoing cryptozoological controversies.
Scientific names and genetic relationships are updated throughout the text in this new edition. He notes that since 1989, our understanding of genes that cause variations in felid coat color has become
more complicated. For example, the chinchilla mutation in tyrosinase
was then considered responsible for “partial albino” tigers (white tigers
with black stripes). In 2020, a point mutation in a transporter protein
that prevents the manufacture of pheomelanin (red and yellow pigments)
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is seen as a more likely cause.
Rather than go into great
detail about these ongoing
discoveries, Shuker sensibly
opts to include the bare
minimum of updated felid
genetics in his discussions of
specific cryptids. However,
for clarity and comparison
he provides a table from the
first edition that describes
the six major genes and their
mutant alleles that in the
1970s were thought by UK
geneticist Roy Robinson (1978)
to be responsible for major
cat color morphs. (Believe
me, this chart comes in handy
(Cover illustration by William Rebsamen)
throughout the book.)
With regard to current
thinking on evolution, some authorities suspect modern felids are
not necessarily descended from fossil nimravids (saber-tooth cats of
the early Oligocene), as Shuker states, but Feliform taxonomy is in
a constant state of flux. The next 20 years will undoubtedly see the
emergence of new fossils and phylogenetic relationships.
Illustrations that appeared on glossy paper in the first edition have
been moved into the text and reduced in size without, in most cases,
any serious loss of resolution. This is an effective way to reduce costs,
allow for many additional graphics, and reserve space for more content.
The only serious case of unfortunate downsizing occurs on page 4,
where a chart comparing dog and cat tracks has been minimized to a
level requiring a magnifying glass.
The book is arranged into seven geographical chapters (and
an eighth with conclusions and thoughts on cryptid conservation),
followed by three appendices. In the following sections of this review, I
will list the primary cryptids he describes to give a flavor of the diversity

of animals included, with an emphasis on the updates to the first
edition for comparison.
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But first, I must mention one major bibliographic irritant. Shuker
has taken the numbered endnotes from the first edition and transferred
them to an unsorted, unalphabetized bibliography “in the order that
they are first referenced” in each chapter, adding in new resources used
in the current edition. The ostensible reason for this is given as “ease
of direct cross-referencing between main text and bibliography.” This
is a tremendous disservice to the reader, who may not want to follow
along in the bibliography to keep track of his place in the text. Granted,
authors’ names have been added in the text to make this slightly easier,
but this just adds an unnecessary hurdle to fact-checking or followup. It would have been much more user-friendly to put the entries in
alphabetical order by author, perhaps subdividing them by subtopics
within each chapter.
The formatting of the index is a lesser annoyance, with page
numbers wrapping flush left and interrupting a visual vertical scan of
the entries, although this is the fault of the publisher, not the author.

GREAT BRITAIN
Shuker chooses to review primarily the same cases of British
mystery pumas, lionesses, and lynxes that he focused on in the first
edition, although numerous sightings (some with photos and video
footage) have occurred since. The more recent cases do not really add
much to the evidence, and in any case Shuker has described them in
a chapter of his in-print book Cats of Magic, Mythology, and Mystery
(2012). There is a new section on Isle of Wight mystery cats, and Shuker
discusses the 1995 official UK government report on alleged mystery
cats seen on Bodmin Moor in Cornwall (Baker & Wilson, 1995). The
Ministry of Agriculture, Fisheries, and Food concluded that, though
tracks found were from domestic cats and a dog, it could not disprove
the presence of a much larger cat and that there seemed to be no
significant threat to livestock.
Shuker has enhanced his multicausal solution for British big
cats that he outlined in the first edition. In addition to sightings of
domestic feral cats (Felis catus), Scottish wildcats (F. silvestris silvestris)
outside their official range, escaped or released exotic cats (pumas,
black leopards, and lions), and a handful of non-felids like dogs, he
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now accepts the possibility of a lingering population of Eurasian lynxes
(Lynx lynx), which supposedly died out in Britain 1,300 years ago. He
finds no evidence for an unknown large felid species in the UK.
Since the first edition, the Kellas cat has been formally identified
as a black-coated hybrid strain of Scottish wildcat and domestic cat.
Shuker notes this and suggests that two black “rabbit-headed cats”
shot in Scotland could be Kellas cats. He also speculates that these
hybrids could have a long pedigree; Highland folklore about a black
“fairy cat” (cait sìth) matches the description of a Kellas cat down to its
white primary guard hairs.

IRELAND AND CONTINENTAL EUROPE
In this chapter, Shuker sorts through the myriad forms of
European (F. silvestris) and African (F. lybica) wildcats, their recently
simplified taxonomies, and how they might fit in with sightings of a
Kellas-like black cat (F. daemon) reported in the South Caucasus and a
now-forgotten small South African black cat (F. obscura) described in
1834. Still puzzling is the wildcat of Corsica (known locally as a “catfox”), first identified in 1929 and now considered a domestic cat variety
introduced to the island in Roman times like its counterpart in Sardinia.
But wildlife officials on Corsica analyzed fur from this felid in 2012 and
found that its DNA was similar to an African wildcat.
Shuker also offers new information on the alleged Irish wildcat,
including two 21st-century sightings and fossils of European wildcats in
Ireland dating to as recently as 3,000 years ago. In addition, he records:
Evidence that cave lions (Panthera spelaea) and scimitar cats
(Homotherium) persisted into the late Pleistocene.
A new report of a juvenile black panther (a melanistic leopard, P.
pardus), undoubtedly a released pet, seen and captured in Armentières, Nord, France, in September 2019, then subsequently stolen
from the pen where it was being held in the Maubeuge city zoo.
A mention of the Beast of Gévaudan, France (Shuker, 2016),
responsible for some 100 human deaths in the 1760s, which a
new book by Karl-Hans Taake (2015) identifies as a juvenile lion
(P. leo). However, Shuker favors the striped hyena (Hyaena hyaena)
hypothesis, perhaps an import specially trained by notorious local
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man Jean Chastel, in combination with predations by wolves (Canis
lupus), as suggested by historian Jay M. Smith (2011) and other
researchers.

ASIA
Unrecognized color variations seem to be a primary puzzlement
for feline cryptids in Asia, although there may be a few undiscovered
species as well. Shuker covers the genetic ins and outs of white, white
stripeless, golden tabby, red, and brown stripeless color morphs of
the tiger (P. tigris). He offers new information on the elusive blue tiger
of South China, whose pelt may be due to a combination of doublerecessive genes similar to those seen in the Maltese domestic cat. He
provides extensive documentation on black tigers—both those with
abnormally dark background coloration (melanistic) and those with
abnormally widened black stripes (pseudo-melanistic)—and lays out
new material on black tigers in ancient China and recent instances of
pseudo-melanistic and partially black individuals killed in the wild or
born in zoos.
Other Asian cat anomalies include:
A new single report of a tiger with a green background color in
Vietnam.
Possible survival of the Bali and Javan tiger populations.
Updated taxonomy for the Iriomote cat of the Yaeyama islands
of Japan, discovered in 1965 and now considered a subspecies of
leopard cat (Prionailurus bengalensis iriomotensis).
A possible variety of clouded leopard (Neofelis nebulosa) on Iriomote
island.
A few unrecognized leopard colorations.

Shuker also describes a clowder of mystery cats that are new to
this edition, among them a blue-spotted cheetah (Acinonyx jubatus)
kept by the Mughal Emperor Jahangir in 1608; a 16th-century painting
of a striped king cheetah morph in India (described completely in
an appendix that reprints his 2013 article on the topic in the Journal
of Cryptozoology); the elusive pogeyan of the Western Ghats, India; a
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supposed saber-tooth cat in China; the striped seah malang poo of
Thailand; a short-tailed variant of the Asian golden cat (Catopuma
temminckii) in Sumatra; and a horned cat from the Lesser Sunda Islands.

AFRICA
Africa seems to have a greater number of cat cryptids than any
other continent. Shuker provides updated information on the king
cheetah (cream-colored fur with blotchy spots and three dark stripes
from neck to tail) of southern Africa. At one time it was thought to be
a separate species, but since 2012 it has been recognized as a genetic
mutation caused by reinforcement of a recessive allele. However, its
multiple distinctions in pelage from normal cheetahs, as well as its
forest habitat and nocturnal behavior, could mean (as Lena Bottriell
suspects [1987]) that the king cheetah is in the process of becoming a
new species through environmental adaptation. Shuker makes note of
a possible king cheetah variety that once existed in Tanzania.
Shuker also lists some apparent cheetah genetic morphs, such as a
small-spotted woolly variety in South Africa, a finely speckled version in
Tanzania that he calls the “cheetaline,” melanistic specimens, and a pale
desert variety in the Qattara region of Egypt. All these are considered
odd for a cat whose genetics are less varied than other species.
Shuker provides further information on the well-established
spotted lion or marozi of the Aberdare Range in Kenya (and possibly
other regions), known from pelts, observations, and indigenous lore.
He favors a separate race or subspecies of lion. He also provides
updated news on leucistic white lions observed in the wild and on game
preserves; mostly photoshopped pictures of black lions; a supposed
green lion from Uganda; rare melanistic African leopards (although
these are common in Asia); and the chakpuar of Senegal, said to look
like a lion with red fur and a long neck.
Also in this chapter we find further ruminations on the mysterious
mngwa or nunda of Tanzania, a gray-striped, donkey-sized, purring
felid allegedly responsible for human maulings in the 1930s. Shuker
suggests as candidates an outsized African golden cat (Caracal aurata),
a maneless buffalo lion akin to the famous Tsavo lions of 1898, or even
violent young men dressed up as lions who thus attribute their murders
to man-killing mystery cats.
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Further felids:
Expanded evidence for existing or formerly existing striped cats
(tigers) in south and east Africa.
Mountain tigers and water lions in central Africa with large teeth
that, Shuker speculates following Bernard Heuvelmans (2007),
could represent surviving machairodontid saber-tooth cats.
A new section on the fitoaty, a mysterious black wildcat of Madagascar that recent research suggests is taxonomically different
from the island’s known feral cats.

NORTH AMERICA
As the archetypal North American cat, the puma (Puma concolor)
holds a central place among the continent’s mystery cats. Eastern
pumas are now no longer considered a subspecies, and in 2018 they
were declared extinct, having been classified as endangered since
1973—even though alleged puma sightings in the Eastern states
continue to be reported. Are they stragglers from the west or a breeding
population?
Reports of black pumas, or other melanistic large cats, from 2012 to
2020 appear in an extensive appendix compiled from the ShukerNature
blog. As with the British mystery cats, Shuker declines to mention
recent sightings in the main part of the text because they are so similar
to reports documented in the first edition. He once again lists the major
candidates for black panther sightings—the cat-like fisher (Pekania
penannti), black feral domestic cats, the jaguarundi (Herpailurus or
Puma yagouaroundi), a melanistic bobcat (Lynx rufus), melanistic pumas
(including some recent specimens), melanistic leopards, or melanistic
jaguars (P. onca). He suspects the explanation for black pumas is
multicausal but involves melanism in several species, as proposed by
Mark Mayes (2018), especially for reports in Texas and the South.
Shuker next examines recent reports of maned mystery lions
in the U.S. and suggests three explanations: large dogs, African lion
escapees or releases, and possibly a surviving fossil American lion (P.
atrox), as advocated by Loren Coleman (1980). However, he points out
that morphological and behavioral attributes make the latter hypothesis
somewhat untenable.
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Other cryptids include a single new report from Tennessee in 1996
of a cheetah-like cat with a red head and paws, a red dorsal stripe from
its head to its tail, and a golden-brown body with black stripes and
spots; some improbable rumors of a living saber-tooth cat (Smilodon
fatalis) in the American Southwest; North Carolina’s mystery felid, the
“Santer,” from the 1890s; and a folkloric assortment of unlikely feline
wowzers, wampus cats, glawackuses, splinter cats, cactus cats, and
Ozark howlers.

MEXICO, CENTRAL, AND SOUTH AMERICA
Shuker provides an update on the onza, a puma-like felid with
long limbs and a slender body from Mexico’s Sierra Madre Occidental
range, for which there is some physical evidence in the form of skulls,
pelts, and one complete specimen. The latter turned out to be a genuine
puma, although the results of this analysis had not been released when
this book’s first edition was published. Shuker writes that this does
not negate the possibility of a real onza living in the wild, which could
represent a puma color morph, a puma subspecies, or a completely new
species, such as a surviving American cheetah (Miracinonyx trumani).
Other Central American cat cryptids include the Aztec “wolfcat” reportedly seen in Moctezuma II’s zoo; Christopher Columbus’s
fearsome ape-faced cat; and the Nayarit ruffed cat, two pelts of which
zoologist Ivan T. Sanderson (1973) once obtained and which apparently
is represented in Aztec and Mayan carvings.
South American mystery cats include several unrecognized jaguar
varieties (albino or leucistic “ghost” jaguars) and the jaguarete (dark on
top with white underparts), which Shuker suggests could be a blackand-tan or pseudo-melanistic jaguar morph or even a rare melanistic
puma.
New cryptids in this edition are the yana puma, an entirely black
puma morph of great size found in the Peruvian highlands; the onçacanguçú, a black jaguar with a white collar and a tufted leonine tail tip; a
large gray jaguar with solid black speckles; a brown “rock jaguar”; and
a red jaguar known from only one account in Brazil.
Shuker provides updates on a wide assortment of miscellaneous
felids:

Book Review

441

Siemel’s mystery cat in Brazil’s Mato Grosso, which seems to be a
puma with brown spots and a dark stripe across its spine, possibly
a puma x leopard hybrid.
The warracaba of Guyana, a jaguar that hunts in packs.
The dog-like mitla of Bolivia.
Various pack-hunting mystery cats of Peru, Venezuela, and Ecuador.
A white-coated cat with solid black spots from Ecuador.
A tapir-hunting, semi-aquatic, dark-gray cat with massive paws.
A black rainbow tiger with multicolored stripes on its chest.
A striped tiger in Peru, Colombia, and Ecuador, as well as a
Venezuelan cat known as the wairarima, any of which could
represent a surviving saber-tooth (Smilodon).
A handful of puma-sized, shaggy-haired, amphibious “water tigers”
variously known as iemisch, yaquaru, entzaeia-yawá, maipolina, or
chongonga. Shuker considers the possibility these could represent a
saber-tooth adapted to aquatic life, perhaps analogous to the water
lions of Africa.

AUSTRALASIA
Shuker offers little new information on the Queensland marsupial
tiger except to refer to new books by Tony Healy and Paul Cropper (1994),
and Malcolm Smith (1996), and his own updated 2016 volume. After
considering whether the tiger could be a surviving dog-like thylacine
(Thylacinus cynocephalus) and reviewing the status of its persistence on
the mainland, Shuker turns to his favored explanation, a surviving form
of the marsupial lion (Thylacoleo), whose fossils are found throughout
the continent.
Tawny-colored pumas and black panthers continue to be seen in
Western Australia, New South Wales, and Victoria. Among Shuker’s
candidates to explain these sightings are a novel strain of giant black
feral domestic cat for which there is some recent evidence, and one
tantalizing report from 1961 involving a black panther with a pouched
cub, suggesting a marsupial classification. He has also found that some
scientific laboratories might be deliberately misidentifying cat fur and
scat as canine, further muddying the trail of evidence.
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New in this edition is a section on the shaggy-maned mystery
lion of the Blue Mountains known to local Aboriginal Australians as
the warragal. Shuker agrees with cryptozoologist Rex Gilroy (2006)
that it could represent another form of Thylacoleo species differing in
character from the Queensland tiger.
A new section on New Guinea mystery cats includes one recent
sighting of a striped cat, and a final section reviews the rare, if real,
mystery cats of New Zealand and Hawaii.

SUMMARY
Shuker sums it all up in a final chapter in which he concludes
there are three types of modern-day mystery cats: species unknown
to science; unrecorded morphs or non-taxonomic forms of known
species; and known species occurring in unexpected localities.
In a plea to fellow researchers, Shuker looks toward the future of
this specialized form of natural history:
It is time for cryptozoology to come of age. It continues to gain
interest and respect, but it must now accept a major responsibility
too. No longer should it be content merely to seek out new
animals, it must also ensure that its discoveries are conserved and
perpetuated, otherwise its goals will be meaningless, its ideals
empty.

Finally, he quotes the late cryptozoologist Lionel Beer, who
advised: “Take only memories, leave only footprints, kill only time.”
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SSE ASPIRING EXPLORERS PROGRAM
The SSE has established Aspiring Explorers Awards for meritorious student
research projects judged to be the most original and well-executed
submissions in subject areas of interest to the SSE. A committee is in place to
review all entries and determine the winners, who will receive awards of $500
each. One award winner will have the opportunity to present a talk describing
the project at the SSE Annual Meeting, for which the Society will cover their
registration fee. The other award winner will have the opportunity to present
a talk describing their project at the SSE Euro Meeting, for which the Society
will cover their registration fee. Submissions must be made per the guidelines
and deadline as stated on the SSE website “Call for Papers” for the conference
you are considering attending in order to be eligible for that year’s prize for
that conference.

If your paper is selected for the Aspiring Explorer Award, you will be either
invited to present your talk at the meeting or able to submit your paper as a
poster session. We are very excited about the recent poster sessions at annual
SSE meeting, so please let your fellow student colleagues and professors know
about this possibility for the 2022 conference.

In addition, the SSE is also offering a 50% discount on future meeting
registrations for any student member who brings one student friend to our
conferences (one discount per student). We are eager to see student clubs or
SSE discussion groups established at various academic institutions or in local
communities. Contact us at education@scientificexploration.org to start your
own group!

C. M. Chantal Toporow, Ph.D., SSE Education Officer
education@scientificexploration.org
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BIAL Award in Biomedicine 2021 - €300.000

Seeks to recognize a work published in the broad biomedical field after 1 January 2012,
the results of which are considered of exceptional quality and scientific relevance.
Only works nominated by the voting members of the Jury, by the members of the
Scientific Board of the BIAL Foundation, by previous BIAL award winners or by Scientific Societies
may be considered candidates. The Jury may also invite other scientific institutions
to submit nominations. Self-nominations are not allowed.

Jury
President
Ralph Adolphs
Members
European Research Council
Geneviève Almouzni
Paola Bovolenta
Council of Rectors of Portuguese Universities
Maria do Carmo Fonseca
Fátima Carneiro
European Medical Association
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Scientific Board of the BIAL Foundation
Hugo Critchley
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Previous winners of the BIAL Award
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Scientific Journals
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Nomination form must be sent by 30 June 2021 to
fundacao@bial.com
Regulation and nomination form available at
www.fundacaobial.com
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Dear Colleague,
The BIAL Foundation is soliciting nominations for its 2021 Award in Biomedicine. The
Award recognizes a single paper of empirical biomedical research of outstanding scientific quality published in a peer-reviewed journal since 2012. The Award consists of a
prize of 300,000 Euro and proposals must be submitted by 30 June 2021. The following
persons and institutions are invited to make submissions:
Ø voting members of the Jury;
Ø members of the Scientific Board of the BIAL Foundation;
Ø previous BIAL award winners;
Ø Scientific Societies in the biomedical field;
Ø Boards or Deans of Medical Faculties;
Ø Heads of leading research institutes in the biomedical field;
Ø Boards or Heads of prestigious Academies;
Ø in addition, highly qualified researchers may nominate candidate works,
but self-nominations are not accepted.
A maximum of two nominations can be submitted by an organized group of scientists, such as a university, society, academy, or research institute. The nominating panel
should not include individuals who contributed to the nominated work. Nominations
are welcomed for works authored by scientists at any stage of their career, and from
any country around the world.
If you know of a work in the field of biomedical research, published in the last 10
years deserving being submitted, don't delay in taking a look at the BIAL Foundation
website for further information about the submission procedure.
Thank you very much in advance for your help and kind regards,
Ralph Adolphs, Bren Professor of Psychology, Neuroscience, and Biology, Caltech
President of the Jury, BIAL AWARD IN BIOMEDICINE 2021
T +351 229 866 150; fundacao@bial.com
____________________

About the BIAL Foundation: The Bial Foundation was established in 1994 by BIAL and the Council of Rectors
of Portuguese Universities. BIAL Foundation’s mission is to foster the scientific study of the human being from
both the physical and spiritual perspectives. It is managed by representatives from both institutions. Among its
activities, the Foundation manages scientific Awards – BIAL Award in Biomedicine, Prémio BIAL de Medicina
Clínica and Maria de Sousa Award – promoting the research in medical and biomedical areas. The BIAL
Foundation also supports scientific research projects for the neurophysiological and mental study of the human
being, arousing the interest of researchers in the areas of Psychophysiology and Parapsychology. Furthermore,
biannually the Foundation organizes the Symposium “Behind and Beyond the Brain”. More information is available from the Foundation’s website at www.fundacaobial.com
About the BIAL Award in Biomedicine 2021: The BIAL Award in Biomedicine was created in 2018 to extend the
scope of the BIAL Foundation’s activity and to acknowledge the most notable and relevant discoveries in the
field of biomedicine. This award, with a prize of €300,000, aims to recognise high quality, scientifically relevant
research in the biomedical field published as of 1 January 2012. The Award is granted bi-annually since 2019.
Only works nominated by the Voting members of the Jury, the members of the Scientific Board of the BIAL
Foundation, previous BIAL award winners and Scientific Societies may be considered candidates. The Jury may
also invite other scientific institutions to submit proposals, but self-nominations are not accepted. The BIAL
Award in Biomedicine has the support of the President of the Portuguese Republic, the Council of Rectors of
Portuguese Universities and the European Medical Association.
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