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Abstract—A vivid discussion revolves around the role of the human mind 
in the quantum measurement process. While some authors argue that con-
scious observation is a necessary element to achieve the transition from 
quantum to classical states during measurement (Wigner 1963), some go 
even further and propose a more active influence of the human mind on 
the probabilities of quantum measurement outcomes (e.g., Atmanspacher, 
Römer, & Walach 2002, Penrose & Hameroff 2011). This proposition was 
tested in micro-psychokinesis (micro-Pk) research in which intentional ob-
server effects on quantum random number generators (RNGs) were investi-
gated. In the studies presented here, we extended this line of research and 
tested the impact of unconscious goals on micro-Pk. Our focus was ciga-
rette addiction as an unconscious drive, and we hypothesized that regular 
cigarette smokers would influence the outcome of a quantum RNG that 
determined whether the participant was going to see a smoking-related 
or a neutral picture. Study 1 revealed strong evidence for micro-Pk (BF = 
66.06), supporting H1. As expected, no deviation from chance was found 
with non-smokers. In Study 2, a pre-registered highly powered replication 
attempt failed to reproduce this result and showed strong evidence for H0 
(BF = 11.07). When the data from both studies are combined, a remarkable 
change in effect across time (resembling a combination of appearance fol-
lowed by decline) can be seen only in the smokers’ subsample. Appearance 
and decline effects were absent in the non-smokers’ sample and in a simula-
tion. Based on von Lucadou’s Model of Pragmatic Information, we suggest 
that (micro-)Pk effects follow a systematic pattern comparable to a damp-
ened harmonic oscillation. This concept may shed new light on past and 
future Pk research.
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Introduction

Theories about the relation between mind and matter belong to the hot topics 
of current science. Some early interpretations of quantum physics located 
a possible mind–matter interaction at the measurement process of quantum 
states. Wigner and von Neumann for instance suggested that the act of 
measurement was only complete when conscious observation of the result 
has taken place. They argued that conscious observation was the central 
factor causing the collapse of the wave function, i.e. the transition from 
quantum to classical states (e.g., Wigner 1963). This transition apparently 
occurs in a probabilistic fashion (Born 1926). Thus, consciousness was 
supposed to determine the collapse but not the exact outcome. Although 
mainstream quantum physics regards quantum-randomness as ontic and 
inherent in nature (Greenstein & Zajonc 2006), newer theories and empirical 
findings challenge this view (see Varvoglis & Bancel 2015). According to 
this research, intended observers might be able to influence the outcome of 
a quantum experiment. The goal of the studies presented here was to test 
the effect of motivated observation on quantum processes and to explore 
corresponding deviations from quantum randomness.

The first discovery of quantum theory started when Plank (1900) 
detected that energy was quantized and postulated as a “Wirkungsquantum” 
(quantum of action). Since then through the groundbreaking work of leading 
physicists such as Bohm, Bohr, Born, de Broglie, Dirac, Einstein, Feynman, 
Heisenberg, Pauli, Schrödinger, von Neumann, Wheeler, Wigner, and many 
others, this theory has evolved into a mathematically well-defined framework 
explaining many phenomena of the micro-world with an astonishingly high 
degree of accuracy (Byrne 2010, Greenstein & Zajonc 2006). One dramatic 
implication of this theory constitutes the probabilistic behavior of quantum 
systems when a measurement takes place. The act of a measurement turns a 
deterministically evolving quantum state into a probabilistically transformed 
existence within the macro-world. For example, before a measurement 
is performed, the place of an electron can be described through a wave 
function, the Schrödinger equation (Schrödinger 1935). It summarizes all 
potential locations of the electron within the system, treating them as a 
superposition. During the act of measurement this electron is found in one 
specific place only with a probability exactly corresponding to the square of 
the amplitude of the wave function (Born 1926). This probabilistic nature 
of the results of an observation is considered to be a basic principle inherent 
in quantum mechanics. Randomness at the level of a detector signal cannot 
be attributed to any inaccuracy of the measurement process but is a true and 
fundamental aspect of nature (but see Bohm 1952, Broglie 1927, 1953). 
There is apparently no yet-unknown underlying principle (so-called ‘hidden 
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variables’) as proposed by Einstein who was unsatisfied with a probabilistic 
nature (“God does not play dice”) explaining or causally affecting this 
random behavior (Bell 1964).

Some authors have challenged this proposition, arguing that the human 
mind plays a central and active role during the measurement process that 
goes beyond being responsible for the transition to happen. Under specific 
circumstances, mental processes related to consciousness presumably 
influence the likelihood of an outcome of a quantum process, leading to slight 
deviations from randomness. Those scientists revised the standard quantum 
theory accordingly. Atmanspacher, Römer, and Walach (2002), for instance, 
developed the Generalized Quantum Theory (GQT) (see also Atmanspacher 
& Filk 2012, Filk & Römer 2011, Römer 2004). In this framework, a 
measurement is characterized by an epistemic split that occurs when pre-
consciously experienced potential quantum alternatives are transferred into 
conscious knowledge about one of them. This knowledge transfer can be 
shaped by the observer’s mindset. Observer effects are thus described as 
entangled correlations between observer and the observed system (von 
Lucadou & Römer 2007). As a consequence, non-random deviations are 
allowed, but they should decline shortly after their first detection as will 
be explained more in depth later. Another revision, the orchOR theory, 
has been proposed by Penrose and Hameroff (2011) (see also Hameroff 
2012, Hameroff & Penrose 1996, Penrose 1989, 1994). In their theory, 
the act of measurement constitutes an objective reduction of the wave 
function leading to the emergence of a conscious moment when realizing 
the result of the measurement. These reductions are at the quantum level 
gravitation-dependent and mathematically described as small curvatures 
between space–time geometries that represent the potential quantum states. 
The authors assume that objective reductions are not random and can be 
influenced by specific information embedded in fundamental space–time 
geometry. Penrose identifies these as Platonic values that among others 
include mental concepts (Hameroff & Chopra 2012). Thus, intentional 
observers might be able to non-randomly influence the transition of 
potential quantum states into one specific classical state. Similarly, Stapp 
(2007) equates measurement with the act of conscious observation (see also 
Wigner 1963) and proposes a conscious choice of the quantum alternatives 
during the measurement process. Mensky (2011, 2013) takes a different 
route and provides an extension of the Everettian interpretation of quantum 
mechanics (Everett 1957). Here he assumes a corrective process, called 
post-correction, that allows an individual to navigate through the potential 
quantum worlds. He termed this mechanism ‘super-intuition’. Although this 
might not be an exhaustive list of the revisions of quantum theory, all these 
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approaches have in common that they postulate a correlation between a 
mental state of the human mind and the outcome of a quantum experiment. 
This specific mind–matter interaction will be tested in the studies presented 
here and has been an empirical challenge for researchers for many decades. 
Their work has become known as micro-psychokinesis research. We will 
review and highlight their main findings in the following paragraphs.

Micro-Psychokinesis

Psychokinesis research has a long history and dates back to the early 
work of Crookes, Horsley, Bull, and Myers (1885), Crookes (1889), 
James (1896), Richet (1923), and Schrenck-Notzing (1924) during the 
late 19th and early 20th centuries. In these early years, case study reports 
and field investigations involving participants who mentally tried to move 
objects dominated the field (see Varvoglis & Bancel 2015). Later on, in 
the Rhine era, more scientifically designed studies testing mental effects 
on random sources such as dice tosses were performed (e.g., Rhine 1944, 
Rhine & Humphrey 1944). However, it took until the 1960s when the first 
experimenters used quantum states as a source for true randomness (Beloff 
& Evans 1961). In this early stage, participants were prompted to influence 
a quantum superposition of a decayed and non-decayed radioactive state 
to intentionally slow down or speed up the rate of decay. Random number 
generators that produced numerical outcomes based on quantum sources, 
so-called true RNGs (tRNGs), became a standard tool in this area of research 
(Jahn, Dunne, & Jahn 1980, Schmidt 1970a) and have been accompanied 
by the development of quantum theoretical explanations for psychokinesis 
ever since (e.g., von Lucadou & Kornwachs 1977, Schmidt 1975, Walker 
1975). 

During that time the term micro-psychokinesis was born. According to 
Varvoglis and Bancel (2015), 

micro-psychokinesis can be defined as mental influences on inanimate, 
probabilistic systems, producing effects that can only be detected through 
statistical means. The target systems may include tumbling dice, coin toss-
ing systems, or hardware random number generators (RNGs). (p. 266)

Numerous studies have been performed since then testing intended 
observer effects on true, i.e. quantum, random number generators’ outcomes 
and leading to a vast amount of data even until recently (e.g., Tressoldi 
et al. 2014). The majority of these studies used an instructed intention 
protocol where participants were prompted to influence the RNG in a way 
that produced a specific non-random visual or auditory outcome. Since we 
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are primarily interested in intended observer effects on quantum systems, 
we will focus only on research findings obtained with true random number 
generators (tRNGs). Also, for clarity purposes we decided to summarize 
the results by referring to aggregated data reported in several meta-analyses 
authored by the most prominent research groups and skeptics in the field 
(for an excellent overview, see Varvoglis & Bancel 2015).

The first meta-analysis reported micro-psychokinesis effects of 
individual mental activity on various kinds of random sources (Radin 
& Nelson 1989). The 597 experimental studies reported covered a 
time range from 1959 to 1987 and included experiments using tRNGs 
but also algorithmically based random number generators, so-called 
pseudoRNGs. The overall effect size ES (×10e–4) was always greater than 
2 and significantly different from zero for various analyses, indicating that 
on average mental activity during intended observation had an effect on 
random outputs in these studies. This meta-finding was confirmed by a 
followup meta-analysis reported by Radin and Nelson (2003) in which the 
database was updated with 176 new studies. A more recent meta-analysis 
by Bösch, Steinkamp, and Boller (2006) included only studies that tested 
the effect of intended human interactions with tRNGs. This is the only 
and most complete summary of research investigating mental effects on 
quantum randomness exclusively. The final analysis of 380 experimental 
studies covering the years from 1961 to 2004 revealed a significant but 
very small and heterogeneous overall effect size. This confirmed the 
results of the earlier meta-analyses that documented an overall micro-
psychokinetic effect on different types of RNGs, but this time focusing 
on tRNGs only. It could be interpreted as tentative evidence favoring the 
idea of intended observer effects on quantum randomness. However, the 
authors also observed a correlation between sample size of the studies and 
their effect sizes. Given the heterogeneity, the small overall effect, and this 
correlation, the authors speculated that the meta-analytic effect could be due 
to publication bias (but see Radin, Nelson, Dobyns, & Houtkooper 2006). 
This raised some doubts about the validity of the effect reported by this 
meta-analysis. Although many proponents of micro-psychokinesis (e.g., the 
Princeton Engineering Anomalies Research program PEAR) share a policy 
of open data and reporting data from all studies that have been conducted—
long before the publication crisis reached mainstream psychology and led 
to the same recommendations—this argument always reappears when new 
findings or new evidence are presented.

Another, yet more convincing, empirical argument against micro-
psychokinesis is the astonishing lack of successful direct replications. One 
prominent example for this is the Jahn, Dunne, and Nelson (1987) benchmark 
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experiment done at the PEAR laboratory. It involved data from 2.5 million 
trials from 91 participants collected over 12 years of research. At the end of 
the study, they had found a highly significant effect of intended observation 
on tRNGs, yielding a z-score of 3.8. In 1996 a consortium consisting of 
two research groups the Grenzgebiete der Psychologie und Psychohygiene 
at Freiburg and at the Center for Behavioral Medicine at the Justus-Liebig 
University of Giessen started a three-year exact replication attempt. Data 
involving 750,000 trials per condition from 227 participants were collected 
and reported by Jahn et al. (2000). The results were disappointing since the 
overall z-score obtained was not significant. Micro-Pk of this type appeared 
to not be replicable, and this and similar failures increased skepticism 
toward PSI. However, a closer inspection of the original PEAR data by 
Varvoglis and Bancel (2015) revealed that two highly performing subjects 
seemed to have contributed to about a quarter of the overall effect size 
observed. According to the authors, this incident led to an overestimation 
of the proposed average effect size in the population. As a result, the power 
estimation for the replication attempt was misleading. A much higher sample 
size would have been needed to document the effect in the replication study 
than the number that was actually used. Thus, a severely underpowered 
study served as the test for replicability. This important finding was largely 
ignored. As a consequence, the replication failure was considered as 
evidence that no robust effect could be documented.

Another way of dealing with replication failure was to identify potential 
moderators of the effect (e.g., Bösch et al. 2006), but in many cases this 
could not account for the failures. Not satisfied by giving up their beliefs in 
micro-Pk, some authors suggested that PSI effects for specific theoretical 
reasons cannot be documented objectively. Some argue that such effects 
are subjective and self-referential processes and objectivity standards of 
modern time science do not apply (see, e.g., Atmanspacher & Jahn 2003, 
Etzold 2004, Kennedy 2003). Von Lucadou (2006, 2015) provided an 
elaborate model that refers to the concept of “Pragmatic Information”. In his 
framework, novelty and confirmation are considered to be complementary 
variables. This is true for data obtained with quantum systems that violate 
the no-signal theorem such as non-random effects on quantum states. 
Although such effects would be highly novel, they would quickly vanish 
(or re-appear somewhere else) when confirmation (i.e. replication) efforts 
were made. Declining effects should therefore be natural in micro-Pk. The 
main problem with this kind of theory is that the accumulation of scientific 
evidence would always need to decline and would thus be indistinguishable 
from replication failures obtained with null effects (Etzold 2004).

The findings within micro-Pk research seemed to be fluctuating, and 
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in the search for potential reasons we as trained experimentalists took 
one step back during the planning phase of our studies presented here and 
focused on the independent variable. The majority of the studies using 
tRNGs manipulated their participants’ intentions toward the tRNG by 
giving explicit instructions such as “try to move up the graph” or “try to 
delay the decay”. In this way the observer’s consciousness was put into 
action assuming that it would affect the quantum random choices. The silent 
theoretical assumption behind this treats consciousness as being outside 
the physical reality influencing the physical quantum world like a “deus 
ex machina”. This idea traces back to the origins of quantum mechanics 
where some researchers emphasized the role of the conscious observer to 
determine the quantum collapse while keeping the randomness postulate 
intact (e.g., Wigner 1963, see also von Neumann’s position described in 
Byrne 2010). However, the revised quantum approaches reported above (e.g., 
Atmanspacher, Römer, & Walach 2002, Mensky 2011, Penrose & Hameroff 
2011) regard consciousness only as a byproduct of the measurement 
process. In these theories both the classical outcome and its conscious 
experience emerge from a common quantum source during a measurement. 
Before the measurement takes place, unconscious knowledge of the 
potential states and quantum superpositions of the different states coexist. 
This idea was first described by the ‘unus mundus’ theory developed in a 
letter exchange lasting from 1932 to 1958 between C. G. Jung and W. Pauli 
(see Atmanspacher 2012). During quantum measurements, unconscious 
information and corresponding quantum states evolve into one specific 
conscious perception of one classical state (either gravitation-dependent: 
Penrose & Hameroff 2011; as an epistemic split: Atmanspacher, Römer, & 
Walach 2002; or through mental effort: Mensky 2011, 2013, Stapp 2007). 
Conscious mental occurrences together with quantum system outcomes 
are in this way entanglement correlations rather than causal effects. True 
causality takes place in the realm of the unconscious.

This theoretical gap between predictions and empirical practice 
has to some extent been overlooked in previous psychokinesis research. 
Nevertheless, there is some groundbreaking work that has pursued this idea 
of passive volitional effects on micro-Pk in the past. For example, the animal-
psi work from Schmidt (1970b, 1973, 1979) and Peoc’h (1988, 2001) found 
micro-Pk effects with different animals. Others reported similar effects 
with human participants put into meditative (e.g., Bancel 2014, Radin & 
Atwater 2012, Tressoldi et al. 2014) or various emotional (e.g., Debes & 
Morris 1982) states. In addition, research that used ‘hidden’ RNGs also 
reported evidence for correlations between passive volitional or emotional 
states on outputs produced by unknowingly present trueRNGs. The most 
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impressive findings were obtained within the Global Consciousness Project 
which relates global events to RNG data (see http://noosphere.princeton.
edu/results.html#alldata).

Early on, theoretical attempts were also made to explain these effects. 
The PMIR and ‘conformance behavior model’ (Stanford 1977) theoretically 
addressed these non-intentional characteristics of PSI by relating Pk events 
to the Jungian term ‘synchronicity’. According to these models, individuals 
non-intentionally express their inner states through sudden environmental 
changes. The GQT (Atmanspacher, Römer, & Walach 2002) is just a more 
elaborate and mathematically refi ned version of these early ideas. For a 
recent overview of this area of research and its relation to the more conscious 
intention approach, see also Varvoglis and Bancel (2015).

The advantage of the GQT (e.g., Atmanspacher, Römer, & Walach 
2002) above these early explanations of micro-Pk is that it breaks up the 
separation of observer and observed object and includes the observer of a 
tRNG into the working mechanics of the output generator. The observer 
with their unconscious desires and the tRNG with its potential outputs 
during the quantum processing stage are considered to form a unity within 
an experimental trial. This entity subsumes an undivided co-existence 
of potential quantum states and unconscious desires before a conscious 
observation takes place. The act of observation then non-randomly results 
in a state of perceiving one tRNG output that is more likely in line with the 
underlying desire. 

From this perspective, the micro-Pk studies that used intentional 
instruction protocols, such as the Jahn, Dunne, and Nelson (1987) PEAR 
study and others, might also produce the expected effects but only if 
the participants were able to form intentions in a way that included 
simultaneous activations of corresponding unconscious desires. In other 
words, the intentional instruction protocol needed a two-step induction 
procedure to ensure success, whereas our goal was to directly activate the 
unconscious mode. This might also explain why there are often reports of 
strong individual differences in the traditional approaches as Varvoglis and 
Bancel (2015) found for the original PEAR experiment and which were also 
present in Schmidt’s work. Only individuals who were able to deeply ground 
the artifi cially induced instruction into their selves and related unconscious 
system might be able to produce an effect in such designs.

Encouraged by these fi ndings and based on the GQT (Atmanspacher, 
Römer, & Walach 2002), we thus proposed to directly manipulate the 
unconscious desire of our participants instead of their conscious intentions. 
This could be achieved by either manipulating the unconscious desire 
experimentally or pseudo-manipulating the unconscious desire by using pre-
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established desires within certain individuals toward a specifi c state (that is 
a physical state that is correspondent to the desire). Hence, we designed the 
independent variable in our studies using a primarily unconsciously driven 
intentional state, the desire for cigarettes within smokers and compared it 
to non-smokers. We tested its effect on a tRNG that on each trial randomly 
chose pictures displaying either cigarette-related or neutral content. In this 
way, we tried to close the aforementioned gap as much as possible.

With regard to the direction of the effect, two opposite outcomes were 
equally likely. On one hand, the smokers’ unconsciously rooted desire could 
affect the tRNG toward an increased likelihood for cigarette pictures. That 
is on average smokers should observe more of those pictures than expected 
by chance. No deviations from chance level were expected for non-smokers. 
Another completely opposite prediction was derived from the emotional 
transgression model, developed by the author MM. Since some smokers 
are addicted, they should have an unconsciously grieving drive toward 
cigarettes. On the unconscious level, they experience a permanent defi cit 
of nicotine and therefore are convinced of not having enough of it most of 
the time. This unconscious fear of not “having enough” translates into a 
self-fulfi lling prophecy of never getting enough. For smokers, this should 
on average result in a less-than-chance observation of cigarette pictures, an 
outcome that would refl ect the defi cit on the physical level. No statistically 
relevant deviations from chance were expected for non-smokers.

Since the direction of the effect investigated in our fi rst study was 
unclear, we started with a two-tailed hypothesis stating that the average 
score of cigarette pictures should deviate from chance for smokers but not 
for non-smokers.

Study 1 Methods

All research presented was conducted in accordance with the ethical 
requirements of the American Psychological Association (APA). The 
instructions did not reveal the study’s purpose, but ensured the data’s 
anonymization and emphasized the participants’ choice to withdraw from 
the experiment at any given time.

Consent

Voluntary participation was ensured, and written consent was obtained 
from all participants. If participants were interested, an explanation about 
the study’s purpose was given individually after the tasks were completed. 
This procedure and the experiment were approved by the ethical board of 
the Department of Psychology.
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Participants

In sum, 254 participants have been tested in the fi rst study (145 female, 109 
male; mean age = 30.3 years, SD = 12.88). The sample size was a result of 
the Bayesian sequential design that will be explained more in depth later. 
Participants were recruited through the department’s announcement board, 
through handouts in psychology classes, through Facebook university 
groups, and through direct contact by the experimenters. Participants 
enrolled in the university’s psychology bachelor’s degree classes were able 
to acquire credits within their program.

Smokers and non-smokers were identifi ed via self-assessment. Upon 
arriving at the experiment, all participants were asked to provide information 
about their smoking behavior. They were asked to choose between ‘being 
a regular cigarette smoker’ (at least 1 cigarette per day), ‘being a smoker 
of other tobacco products’ (e.g., pipe), ‘being a casual smoker’, ‘being 
a non-smoker’, and ‘being a former smoker’. Only participants who 
smoked cigarettes regularly were labeled as smokers. Casual smokers, i.e. 
participants who smoked less frequently than daily, and former smokers 
were labeled as non-smokers. Also, smokers of other tobacco products 
(e.g., pipe) were assigned to the group of non-smokers since the addiction-
related stimuli used in the experiment focused on cigarettes. In addition, 
the German version of the Fagerström Test for Nicotine Dependencies 
(FTND-G) (Schumann, Rumpf, Meyer, Hapke, & John 2003) was used 
to assess the degree of nicotine addiction within the group of smokers. 
Finally, the attitude toward smoking was assessed with all participants via 
a questionnaire containing 10 statements about smoking. Participants were 
asked to indicate their level of agreement toward positive (e.g., smoking 
is fun) or negative (e.g., smokers smell badly) statements. These two 
questionnaires were only used for exploratory purposes.

Materials

Software and computers. The study was conducted on a set of four 
different laptops that had all been prepared in an identical fashion. Due 
to this, differences in the presentation of the experiment were minimal at 
most, e.g., due to slight differences in the size of the display. The stimuli 
were presented on a black background with a size of 500 × 400 pixels. 
For this, a presentation procedure was programmed in C# that translated 
the output of the random number generator into choosing either smoking-
related (cigarette) pictures or non-smoking pictures.

Stimuli. Non-smoking pictures were taken out of the International 
Affective Picture System (IAPS) (Lang, Bradley, & Cuthbert 2008), which 
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provides an experimental set of 1,169 digitized photographs rated on 
arousal and valence using a 9-point rating scale. A set of 10 neutral (mean 
valence = 4.90, SD = 1.09) and unexciting (mean arousal = 2.61; SD = 1.86) 
pictures displaying everyday objects was chosen. Addiction-relevant stimuli 
(cigarette pictures) were taken out of the Geneva Smoking Photographs 
(GSP) (Khazaal, Zullino, & Billieux 2012), a normative database providing 
60 addiction-relevant photographs for nicotine and tobacco research. A set 
of 10 pictures was chosen from the database providing variation in terms of 
product, smoking behavior, and tobacco-related cues (e.g., cigarette packs, 
ashtrays, smoking individuals, etc.).

Generation of quantum randomness. A tRNG, a quantum number 
generator (Quantis-v10.10.08) developed by the company ID Quantique 
from Geneva, was used (http://www.idquantique.com/random-number- 
generation/quantis-random-number-generator/). This apparatus produces 
quantum states by using photons that are sent through a semi-conductive 
mirror-like prism. The photon has an equal chance to be defl ected in one or 
another direction producing a superposition of both states until a measure-
ment is performed. Upon measurement, the photon is found on either route 
with a 50% probability which is then transformed into a numerical score 
such as 0 or 1, depending on the track it was found on (technically Quantis 
transforms 8 such bits into 1 Byte). This procedure is thus a reenactment 
of the famous double-slit study known in quantum physics testing the 
wave–particle duality. This hardware passed all serious tests of randomness 
such as the DIEHARD and the NIST tests (see certifi cates from various 
independent agencies on the website) and is one of the most effective tRNGs 
worldwide (Turiel 2007). In this way a true quantum source for randomness 
was established within each experimental trial.

Experimenters

For this study, informally trained research assistants were used as 
experimenters. Their task was to fi nd smokers and non-smokers in equal 
numbers. They had only rudimentary knowledge about the aim of the 
experiment at the point of data collection. Data on smokers and non-
smokers were randomly collected. The experimenters sent their raw data 
to the study supervisor on average every other day or so, depending on the 
number of participants tested.

Procedure

Participants were tested in different locations with mobile test stations. 
This was necessary since most student participants were non-smokers, 
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forcing experimenters to expand the participant pool beyond students. 
Experimenters made sure to test in a distraction-free environment with no 
other persons present. At the beginning of the experiment, experimenters 
read a written instruction to the participants:

Thank you for participating in this experiment! In the fi rst part of the 
study you will sit in front of the computer and look at pictures. I know that 
this can be very tiring, I ask you nonetheless to not get distracted and focus 
your attention on the computer for the whole time of this part. It is abso-
lutely necessary for this experiment that you look at the pictures! This will 
take approximately 10 minutes. Of course you can quit the experiment at 
any time, should you feel uncomfortable.

As soon as you have fi nished there will be a message on the screen. 
Please let me know, so I can prepare the computer for the second part of the 
experiment. This will be a questionnaire. Filling it out will take about 5 more 
minutes. All data are collected anonymously.

Do you have any questions?

When the participant had no more questions, the experimenter 
opened the software and told the participant to start the display of the 
pictures by pressing the spacebar as soon as they were ready. To avoid any 
interference by the experimenters, they were instructed to stay aside and 
distract themselves mentally during the experiment while checking on the 
participant only once in a while.

Participants attentively observed a consecutive series of 400 
photographs. A tRNG decided if the next photograph would be pulled 
out of the set of addiction-related stimuli or out of the neutral stimuli. A 
software program used the randomness process of Quantis to decide which 
of the stimuli in the chosen set would be displayed. Stimuli were chosen 
by sampling without replacement. This means in the second trial there 
were only 9 pictures to choose from in each set since the “partner image” 
in the set not shown would be dismissed as well, and in the third trial 8, 
and so on. After every 10th trial, all pictures had the same probability to 
be chosen again. This process ensured that each picture in either category 
had an equal chance to be displayed over the course of the experiment. 
Therefore, different aspects of smoking in the pictures had an equal chance 
to be displayed and affect the participant. Participants looked at a centered 
cue (700 ms) fi rst, then at the addiction-related or neutral stimuli (400 ms), 
and fi nally at a black screen (400 ms). This process was repeated 400 times 
(see Figure 1).

After the completion of the picture-presentation, the experimenter 
opened a batch fi le that added a unique code to the data and connected the 
code to the questionnaire that was subsequently opened via a web browser.
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Data Analysis

Data collection and analysis was performed by using Bayesian inference 
techniques for hypotheses testing as recommended by Wagenmakers, 
Wetzels, Borsboom, and van der Maas (2011). The Bayesian theorem 
provides us with information on how to update our beliefs given new 
incoming data. Whereas the frequentist approach makes assumptions 
about theoretically repeated replications of the same study, the Bayesian 
method accumulates data concerning the effect and repeatedly updates the 
likelihood for an effect given the additional data. The strength of evidence 
for the effect is in this framework considered to be dependent on both the 
likelihood of the data given that H0 is true as well as on the likelihood of 
the data given that H1 is true. Thus, to fi nd out whether the data provide 
more evidence for H1 or for H0, these two likelihoods are pitted against each 
other. The resulting score is called the Bayes Factor (BF) and resembles the 
relative amount of evidence that the data provide for or against a postulated 
effect. In this way, the existence and the non-existence of an effect can be 
tested against each other within the same dataset. A Bayes factor of 10 or 
higher is considered to indicate strong evidence for H1 or H0, respectively.

Figure 1. The 400 trials of the experiment consisted of the display of a 
fi xation cue, a smoking or non-smoking-related picture, and 

 a black inter-trial interval.
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In order to calculate the Bayes Factor, a probability distribution for 
effect size that is centered around zero with scale parameter r needs to be 
specifi ed a priori. This Cauchy distribution (δ ~ Cauchy (0, r)) identifi es the 
prior, i.e. the likelihood of the data given there is an effect, i.e. p(data|H1). 
Wagenmakers et al. (2011) recommend an r equal to 1. The statistical 
software JASP designed to perform basic Bayesian analyses uses a default 
r of .707. Other authors recommend a lower r of .5 (Bem, Utts, & Johnson 
2011) or of .1 (Maier et al. 2014) knowing that PSI effect sizes are usually 
very small (mostly in the range of .1 to .2). The choice of the prior provides 
a degree of freedom within the Bayesian approach. For data analysis in the 
studies presented here, we decided to use an r of .5, i.e. δ ~ Cauchy (0, .5). 
This score was determined before data collection was started.

Bayesian hypothesis testing comes with several valuable advantages. 
One is that the Bayes Factor combines information about the effect and the 
sample power within its score. A high BF can only be reached when suffi cient 
power was provided through sample size, whereas the frequentist approach 
might accidentally detect an effect within a severely underpowered study. 
Thus, although the frequentist approach needs an a priori power analysis 
and pre-defi nition of sample size to compensate for this potential problem, 
the a priori defi nition of sample size is not necessary when applying 
Bayesian techniques. On the contrary, the Bayesian approach allows for 
data accumulation, i.e. additional subjects can be tested and included in the 
dataset until a pre-specifi ed BF criterion for H1 (or H0) has been reached.

This also permits optional stopping after hitting the BF and is therefore 
a more effective way of hypothesis testing than the frequentist method. We 
decided to use a Bayesian sequential design with a BF of 10 as a stopping 
rule. The Bayes factor was monitored on a regular basis and data collection 
was stopped as soon as the stopping criterion was met. Nevertheless, 
additional data were available at this point and we decided to include all 
available data in our analysis, resulting in a slightly larger sample size than 
necessary. Since researchers in the fi eld of psychology are more familiar 
with the frequentist approach and less so with Bayesian hypotheses testing, 
we outlined the reasons for using the Bayesian approach in the studies 
presented here in more detail. Before the study, we also decided to analyze 
the data with a Bayesian one sample t-test. For each subgroup, smokers and 
non-smokers, separate tests have been applied, each testing the respective 
sub-sample’s mean score of cigarette pictures against chance level. For all 
Bayesian analyses, the statistical software tool JASP (Version 0.8.2) (JASP 
Team 2017) has been used.
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Study 1 Results

In this fi rst study, the authors of this paper disagreed about the expected 
direction of the effect tested here. On the one hand, it was proposed that 
smokers through their desire for cigarettes unconsciously attract pictures 
displaying those items. Hence, smokers should affect the random number 
generator to produce on average more than 200 cigarette pictures, since 200 
was the expectancy value for purely random selections. On the other hand, 
the emotional transgression model views the desire for cigarettes within 
smokers as an anxious expression of a defi cit, i.e. smokers supposedly 
believe they have actually not gotten enough of it. This in turn should be 
similar to a self-fulfi lling prophecy and decrease the number of cigarette 
pictures being presented to smokers than expected by chance. Thus, a mean 
score of less than 200 could also have been expected. To account for the 
controversial predictions of both models, a two-tailed approach was chosen 
to test any substantial sample mean deviations from chance level. For non-
smokers, null effects were expected, i.e. evidence for H0 should be found.

Data for smokers and non-smokers were tested separately by one-
sample Bayesian t-tests (two-tailed) with 200 as testing criterion and mean 
number of cigarette pictures as dependent-variable. As outlined above, data 
for each subsample were accumulated and repeatedly tested when new data 
came in until at least one Bayes factor of 10 or more was reached.

Smokers

The fi nal Bayesian t-test analysis with 122 smokers yielded a BF of 66.06 
for H1. The mean score of cigarette pictures for these participants was mean 
= 196.7, SD = 9.87, indicating very strong evidence for the effect that 
participants who identifi ed themselves as smokers viewed fewer smoking-
relevant pictures than expected by chance. The graph below represents a 
sequential analysis of the Bayes factor for smokers (see Figure 2).

No signifi cant correlations between the average mean score of cigarette 
pictures and the level of addiction measured with the Fagerström Test 
for Nicotine Dependencies nor between the score and the attitude toward 
smoking was found (see Table 1 in the Appendix).

Non-Smokers

The same analyses were performed with participants identifying themselves 
as non-smokers. The fi nal Bayesian t-test analysis with 132 smokers 
yielded a BF of 6.13 for H0. The mean score of cigarette pictures for these 
participants was mean = 200.5, SD = 9.68, indicating moderate evidence 
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for the null effect.1 Participants who identifi ed themselves as non-smokers 
viewed on average a number of smoking-relevant pictures around the 
chance level. The graph below represents a sequential analysis of the Bayes 
factor for non-smokers (see Figure 3).

From the beginning, a clear trend toward H0 could be seen.

Study 1 Discussion

The results of Study 1 provide evidence for a very substantial deviation of 
the mean number of cigarette pictures from chance level within smokers. 
Smokers who passively observed the pictures chosen at each trial by a 
highly sophisticated and effectively working quantum random number 
generator seemed to unconsciously affect the quantum process toward non-
randomness. They saw fewer cigarette pictures than was expected if the 
tRNG was working in a purely random fashion. Assuming that the generator 
was working properly, this would mean that motivated human observation 
can produce deviations in quantum randomness in line with their underlying 
desire. The data also support the emotion transgression model that predicted 
on average a negative deviation of smoking-relevant pictures for this group 
of individuals. A BF much higher than 10 also underlines the robustness of 
this effect. It states that it is 66 times more likely to obtain such data if H1 is 
true than if H0 was correct.

Figure 2.  The curve displayed within the graph indicates the temporal change 
in BF when additional smokers were tested, i.e. when more and more 
evidence was included in the analysis.
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For non-smokers, moderate evidence for a null effect was found 
supporting the idea of random presentations of the cigarette pictures on 
average across the trials. Since non-smokers should not have had any desire 
toward the picture sets, they should also lack any motivated observation. 
Thus, no infl uence on quantum choices was expected as refl ected by the 
data of this subgroup. One could argue that non-smokers might have had 
strong rejecting attitudes toward cigarette pictures and should therefore 
also be considered to be motivated observers. However, we think that this 
attitude is not based in a deep physically grounded anti-desire as compared 
to the desire existent within smokers and therefore is not deeply enough 
rooted in someone’s existence. Our model of motivated observation restricts 
mind-quantum randomness interactions to those deeply rooted motives and 
goals only. This is supported by a correlation, r = .05 (BF01 = 10), between 
attitude toward smoking and the number of smoking-related pictures within 
the overall non-smokers group, indicating strong evidence for no impact of 
this attitude on non-random picture presentations.

Overall, the data are in line with our predictions and with similar 
research documenting effects of the human mind on quantum random 
number generators (for an overview, see Varvoglis & Bancel 2015).

To test the robustness of the effect reported above, we decided to do 
an exact replication of Study 1. Although replications are the cornerstone 

Figure 3.   The curve displayed within the graph indicates the temporal change 
in BF when additional non-smokers were tested, i.e. when more and 
more evidence was included in the analysis.
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of empirical research and although conceptual replications are available 
for micro-Pk (for an overview see, e.g., Bösch et al. 2006), there is a lack 
of successful one-to-one replications for a central experiment in micro-Pk 
research, the PEAR study (see Varvoglis & Bancel 2015).

This spectacular example involves the replication failure of an 
original experimental protocol developed and performed by the PEAR 
lab at Princeton University (Jahn, Dunne, & Jahn 1980). This study was 
attempted to be replicated by a combined research group from the Institute 
für Grenzgebiete der Psychologie und Psychohygiene at Freiburg and 
the Center for Psychobiology and Behavioral Medicine at Justus-Liebig 
University Giessen (Germany). The replication attempt failed and could 
not fi nd evidence for intended observation on RNGs. Although Varvoglis 
and Bancel (2015) offered an explanation for the failure by proposing an 
overestimation of the original effect size due to outliers’ data, a number of 
scientists also speculated about the inherent elusive manner of PSI effects, 
arguing that such mind–matter interactions involving the quantum realm 
are based on subjective and self-referential processes and cannot therefore 
be documented objectively (see, e.g., Atmanspacher & Jahn 2003, Kennedy 
2003). Von Lucadou (2006, 2015) went further and provided a model 
based on the idea of Pragmatic Information proposing that quantum effects 
that violate the “no-signal theorem” need to vanish when researchers try 
to replicate them. According to him, the amount of initial novelty a data 
pattern contains with regard to this theorem is reciprocally related to the 
amount of later confi rmation: The stronger the violation the quicker the 
disappearance (or re-appearance somewhere else) of this effect in an 
additional data collection.

Although superfi cially knowing about the hassle of replication in this 
area of research and the discussion around it, we ignored these warnings for 
two reasons: First, a BF of 66.06 gave us a pretty fi rm belief that the effect 
would show up again in an exact, careful replication. And second, if an 
effect was not replicable, any attempt at its empirical documentation would 
not make sense from the beginning. Since we had already done Step 1, we 
felt we had to do Step 2 as well. 

Study 2 Methods

In Study 2 we performed an exact replication of Study 1. The study was 
pre-registered at the Open Science Framework (OSF) (https://osf.io/4fzq8). 
Procedural details, including selection of the participants, stimuli, 
apparatus, experimental protocol, and questionnaires used were the same as 
in Study 1. Also the statistical analyses were the same with one important 
change: The effect within the smokers in Study 2 was tested using a one-
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tailed statistical approach. The reason for this change was that after Study 
1 we had a clear prediction about the direction of the effect. We expected 
smokers to show a lower-than-chance deviation with regard to the mean 
number of cigarette pictures being observed. All these procedural details 
and statistical techniques were pre-specifi ed in the preregistration. Again, a 
prior distribution of δ ~ Cauchy (0, .5) was used.

Apparatus, Stimuli, and Procedure 

All experimental setups were the same as in Study 1.

Participants

In sum, 175 smokers and 220 non-smokers (208 female, 184 male, 3 chose 
not to specify their gender; mean age = 31.30, SD = 13.11) were tested in 
the second study. Acquisition strategy and their labeling were done in the 
same way as reported above. Data collection again was stopped as soon as a 
Bayes factor reached 10 in either direction, resulting in a similar but slightly 
larger sample size than in Study 1.

Consent

Voluntary participation was ensured, and written consent was obtained 
from all participants. If participants were interested, an explanation about 
the study’s purpose was given individually after the tasks were completed. 
This procedure and the experiment were approved by the ethical board of 
the Department of Psychology.

Study 2 Results

Data for smokers and non-smokers were tested separately by one-sample 
Bayesian t-tests with 200 as the testing criterion and the mean number of 
cigarette pictures as dependent-variable. As outlined above, data for each 
subsample were accumulated and repeatedly tested when new data came in 
until at least one Bayes factor of 10 or more was reached.

Smokers

The fi nal Bayesian t-test analysis with 175 smokers yielded a one-tailed BF 
of 11.07 for H0. The mean score of cigarette pictures for these participants 
was M = 200.3, SD = 10.38, indicating strong evidence for the null effect. 
Smokers viewed an average number of cigarette pictures close to and not 
different from chance level. The graph below documents a sequential 
analysis of the Bayes factor for smokers (see Figure 4).
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No signifi cant correlations between average mean score of cigarette 
pictures and the level of addiction and attitude toward smoking was found 
(see Table 2 and Table 3 in the Appendix for an analysis for both studies 
combined).

Non-Smokers

The same analyses were performed with participants2 based on their self-
reports being labeled as non-smokers. The fi nal Bayesian t-test analysis 
with 220 non-smokers yielded a two-tailed BF of 3.74 for H0. The mean 
score of cigarette pictures for these participants was mean = pictures around 
chance level. The graph below represents a sequential analysis of the Bayes 
factor for non-smokers (see Figure 5).

Study 2 Discussion

Contrary to our predictions made in the pre-registration phase of the study, 
the results of Study 2 did not replicate the effects found in Study 1. For 
smokers, strong evidence for the null hypothesis was revealed. Moderate 
evidence for the null effect was also found for non-smokers, which was 
in line with our predictions. It seems that the data pattern shown by the 
smokers is with each added subject consistently moving in the opposite 

Figure 4.   The curve displayed within the graph indicates the temporal 
change in BF when additional smokers were tested, i.e. when 

 more and more evidence was included in the analysis.
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direction of that found in Study 1. Although initially the effect was strongly 
present within the fi rst 10 to 20 participants, it quickly dropped, and, given 
the mean score, even went in the opposite direction. Overall, applying 
the standards of scientifi c research we need to declare that the replication 
attempt clearly failed and a robust effect could not be determined.

When looking at the Bayesian sequential analyses (Figures 2 to 5) 
separately for smokers and non-smokers and separately for Study 1 and 
Study 2, some interesting patterns are noteworthy. Non-smokers in both 
studies uniformly show a null effect through the course of each experiment, 
indicated by a smooth asymptotic trend toward evidence for H0. In contrast, 
Smokers in Study 2 who eventually revealed a clear null fi nding displayed 
a quite volatile trend before they hit the stopping criterion. Smokers within 
the fi rst 20 participants in this group initially almost reached a BF10 = 10 
in evidence for the H1 before the trend went in the opposite direction. This 
is surprising and stands in contrast to all trends for non-smokers or any 
simulation performed (see below). Although random fl uctuations might be 
a plausible explanation for this, it could also be considered as a hint that 
additional mechanisms might be at work. One potential explanation might 
be individual differences that might moderate the effect within the smokers 
between Study 1 and Study 2. This would imply that certain personality 

Figure 5. The curve displayed within the graph indicates the temporal change 
in BF when additional non-smokers were tested, i.e. when more and 
more evidence was included in the analysis.
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traits were strongly different in Study 1 compared with Study 2. Although 
we do not have empirical data to rule out this alternative explanation, we 
do not think that individual differences could fully account for the effect 
changes between the studies. One had to assume that a specifi c personality 
pattern would be present in the fi rst experiment and an opposite one in the 
other. Such a homogeneous distribution of personality types within studies 
yet opposite between studies seems rather unlikely. We tried to make sure 
that smokers for both studies were invited from the exact same population. 
In addition, changes in emotional states or relevance of the pictures might 
also not fully explain the difference in the results. The moderators should 
have had an equally strong impact on the data of Study 1, which would 
have made the observed result of strong evidence for H1 almost impossible. 
Rather we think that a more lawful mechanism could be responsible for the 
effect changes. We will elaborate on this idea in the following sections.

The raw data of both studies are available at the Open Science 
Framework (OSF): https://osf.io/4fzq8.

Overall Analyses of Study 1 and Study 2

In a fi nal set of analyses, we included all data from Study 1 and Study 2 into 
one dataset to document the overall BF scores and the overall sequential 

Figure 6.  The curve displayed within the graph indicates the temporal change 
in BF when additional smokers were tested, i.e. when more and more 
evidence was included in the analysis. The transition from Study 1 to 
Study 2 is indicated by a vertical line at n = 122.
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analyses. Data from identical experiments can be included in one analysis 
within Bayesian statistics, since this approach evaluates the accumulative 
evidence for or against an effect. All parameters were the same as in the 
studies reported above. For all following analyses, a two-tailed approach 
was applied.

Smokers Combined from Study 1 and Study 2

A Bayesian t-test with 297 smokers yielded a BF of 1.19 for H1. The mean 
score of cigarette pictures for these participants was M = 198.8, SD = 10.31, 
indicating no evidence for either H1 or H0. The graph before the previous 
graph documents a sequential analysis of the Bayes factor for smokers (see 
Figure 6).

Non-Smokers Combined from Study 1 and Study 2

A Bayesian t-test with 352 non-smokers yielded a BF of 8.61 for H0. The 
mean score of cigarette pictures for these participants was M = 199.6, SD 
= 10.11, indicating moderate evidence for H0.

3 The graph above represents 
the sequential analysis of the Bayes factor for non-smokers (see Figure 7).

Figure 7. The curve displayed within the graph indicates the temporal change 
in BF when additional non-smokers were tested, i.e. when more and 
more evidence was included in the analysis. The transition from Study 
1 to Study 2 is indicated by a vertical line at n = 132.
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Discussion of Both Studies

An obvious detail when comparing both graphs of the overall analyses is that 
there was a strong change in effect across time (= additional participants) 
within the smokers’ data, but no such change appeared within the non-
smokers’ dataset. One could argue that the temporal change of effect 
observed in smokers is just a random fl uctuation. We therefore conducted a 
simulation run in which the experiment was executed without any observing 
participants.

For the simulation, one of the computers was equipped with mouse-
recording software. This software handled the experimental software by 
itself in the same way the participants did. To get comparable results to our 
combined smokers’ data, it was set to run until n = 297 datasets were collected. 
A Bayesian t-test showed a BF of 6.65 in favor of H0 (M = 200.6; SD = 10.06). 
As can be seen from the sequential analysis in the graph below, no strong 
change appeared in the data over time. Development of the effect and fi nal 
result rather resemble those of the non-smoking group (see Figure 8).

General Discussion

Our goal in the two studies presented here was to test micro-psychokinetic 
effects of unconsciously rooted desires during the observation of quantum 
experimental outcomes. Smokers and non-smoker participants were told to 
look at pictures that were randomly chosen by a true random number generator 
at each trial. Pictures with neutral or cigarette-related content each had a 50% 
chance of appearance. Before observation, both picture types were supposed 
to exist in a superposition. Through the act of measurement, the observer’s 
unconscious mind was assumed to select the one of the two states with a 
slightly higher likelihood that best fi ts their unconscious desires. We focused 
on unconsciously rooted intentional states of the observers rather than on 
conscious intentions, since the theoretical models from which our hypothesis 
was derived postulate a desire-driven non-random emergence of classical states 
and their conscious perception out of the realm of the unconscious (see, e.g., 
Atmanspacher, Römer, & Walach 2002, Mensky 2013, Penrose & Hameroff 
2011). Thus, mental activity originating from an observer’s unconscious was 
assumed to causally affect motive-driven biases from randomness. In two 
studies, we tested the hypotheses that an observer’s unconsciously rooted 
desire toward cigarettes should affect the tRNG’s quantum probabilities for 
cigarette picture presentations. In Study 1 the mean score of cigarette pictures 
obtained with smokers was predicted to deviate from chance (two-tailed 
approach). In Study 2 a deviation lower than chance was expected (one-tailed 
approach). Null effects were expected for non-smokers.
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The results were rather mixed. In Study 1 strong evidence for H1 was 
found, indicating that on average smokers observed fewer cigarette pictures 
than expected by chance. No deviations from chance were found with non-
smokers. This is in line with the revised quantum models described above 
that also allow for observer-dependent deviations from randomness. The 
results also match with the prediction of the emotional transgression model: 
If the unconscious mind of the observer of smokers is convinced of not 
having had enough cigarettes yet, it will bias the random selection toward 
a lower likelihood for cigarette pictures. Thus, the unconscious belief 
and the established reality coincide similarly to a self-fulfi lling prophecy. 
Subjectivity of smokers turns into objectivity here.

In Study 2, a pre-registered replication attempt, strong evidence for H0 
was found within the smoker group. This was unpredicted and surprising 
since a BF10 of 66.67 found in Study 1 was considered to provide a high 
likelihood for replication success, and the earlier effect could not easily 
be attributed to a chance fi nding of an underpowered sample. The overall 
analysis which included the data from all the smokers tested in both studies 
illustrated the temporal change of effect from initial appearance to later 

Figure 8. The curve displayed within the graph indicates the temporal change 
in BF when additional simulated participants were created, i.e. when 
more and more evidence was included in the analysis.
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complete disappearance. Non-smokers in both studies and in the overall 
analysis as well as a simulation that contained no human interaction at all 
showed moderate to strong evidence for no deviations from randomness. No 
remarkable changes in evidence for H1 to H0 in the course of the experiment 
were detected in this subgroup and the simulation data. As expected, with 
increasing data accumulation a smooth trend toward strong evidence for H0 
was found.

How can this data pattern be interpreted? According to the standards 
of scientifi c practice, an unequivocal replication failure indicates that there 
is no robust micro-psychokinesis effect in this data. Thus, the randomness 
postulate of quantum mechanics remains intact. This also casts doubt on 
the validity of the revised quantum theories presented by Atmanspacher, 
Römer, & Walach (2002), Mensky (2013), and Penrose and Hameroff 
(2011). ‘No replication—game over’ is what the data are saying.

Common sense would recommend accepting this as the ultimate answer 
to our research efforts. However, there are some indications both from other 
research fi ndings as well as within our data that urge us to speculate a bit 
more about the existence of micro-Pk reported here despite the lack of 
replication. There are similar reports of replication failures of originally 
strong effects. One famous example is the huge micro-Pk study conducted 
by the PEAR group (Jahn et al., 1987) that could not be replicated by an 
independent research team (IGGP Freiburg and CPBM at the University of 
Giessen reported in Jahn et al. 2000). Parallel to this case many others have 
reported decline effects despite originally strong evidence (see Radin 2006). 
This led to speculations about moderators but also to the development of 
theoretical models trying to understand such decline effects. The most 
elaborate one was proposed by von Lucadou (2006, 2015) and is based on the 
idea of Pragmatic Information. According to this proposal, quantum effects 
such as micro-psychokinesis that violate the “no-signal theorem” should 
vanish when additional data are collected. The initial novelty of a study 
should reciprocally be related to the likelihood of later confi rmation. The 
stronger the observed violation was, the quicker the effect would disappear 
during replication efforts. This would exactly match our dataset whereby 
an initial occurrence suddenly changes with additional data collection to a 
disappearance of the effect. This temporal variation was neither observed in 
the data obtained with non-smokers nor in the simulation where null effects 
were obtained throughout the data collection. This difference is striking and 
supports von Lucadou’s (2006, 2015) assumption, admittedly on a post-hoc 
basis only.

The theoretical problem with this approach, however, is that real null 
effects documented by replication failures of spurious fi ndings cannot 
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be distinguished from decline effects. The consequence is that with the 
standard scientifi c replication approach micro-psychokinesis effects cannot 
be scientifi cally studied. Either way, this would mean we should abandon 
PSI research from science (for a similar argument, see Etzold 2004).

Nevertheless, we suggest a way out of this dead-end situation. Going a 
bit beyond von Lucadou’s (2006, 2015) Model of Pragmatic Information, 
we speculate that maybe the lowered confi rmation trend follows a 
systematic pattern. A violation of the no-signal theorem in quantum physics 
constitutes a severe violation of the Second Law of Thermodynamics that 
states that entropy needs to increase over time. Hence, we assume that at the 
moment of the occurrence of mentally-induced deviations from quantum 
randomness entropy sets in to counteract this trend. Once the effect has 
weakened, the entropic counterforce also decreases allowing the effect 
to reappear although with a lowered effect size than initially shown; this 
interplay between effect and entropy should lead to a temporal change 
in effect comparable to a dampened harmonic oscillation. We estimated 
a mathematical function describing such a harmonic oscillation with our 
smokers’ data (see Figure 9).

The function displayed in the Figure 9 graph was obtained with 
curve-fi tting algorithms using the mathematical software tool Wolfram 
Mathematica Version 11.1.1.0 (https://www.wolfram.com/mathematica/):

Figure 9.  Cumulated Z-Score of the eff ect (z-transformed cumulative average 
score for cigarette pictures for smokers) with curve-fi tting.
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y = −1.650641811645734 e−0.004549840402099492t cos(0.022532398160298193t 
+ 2.457511536269481) + 0.001334214058230525t – 3.064904989339309

with y representing the effect (negative scores indicate a cumulative average 
score below chance) and t representing the participants in temporal order of 
data collection.

The prediction derived from this function would be that within the next 
not-yet–tested 200 smokers the effect should reappear to a lower degree 
in effect size and further slightly oscillate down toward the zero line. Our 
trend prediction can be inferred from the dotted line (Figure 10) which is an 
extrapolation of the accumulated effect when additional data are collected. 
The local maximum for this additional data should occur around subject 
number 410 to 450. The exact z-score for the maximum might be around −2 
to −3 but could also be lower due to a further decline trend which is actually 
not present in the estimated part of the graph.

Our research group is currently working on similar trend estimations 
with other datasets, and up to now this approach seems promising. However, 
at present we admit that this idea of a systematic decay of a micro-Pk 
effect supplementing von Lucadou’s model is highly speculative, and the 
goal here is just to inform other research groups about our fi ndings and to 

Figure 10. Cumulative time z-score of the eff ect (z-transformed cumulative 
average score for cigarette pictures for smokers) with curve-fi tting 
and extrapolation (dotted line) to 500 subjects.
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encourage them to re-analyze their data with harmonic oscillation functions 
of this kind:

y(t) = αe−βt cos(ωt + φ) + mt + h

Future research will show whether systematic decline effects can be 
documented and thus whether micro-psychokinesis can still be studied 
scientifi cally or not.

In addition, an alternative explanation for this null effect in Study 2 or for 
the oscillating pattern might also be found in experimenter effects on micro-
Pk that are specifi cally tied to the Bayesian approach. Bayesian sequential 
analysis requires a continuous observation of the evidence for or against the 
effect. The experimenter might unconsciously affect the evidence through 
his expectations. In Study 1 the experimenter might have been confi dent 
about fi nding the expected effect, but in Study 2 due to the preregistration 
he might have been fearing and thus anticipating a failure. In other words 
the experimenter himself could evoke an oscillating micro-Pk effect on the 
data fully explaining the decline effect found. Such experimenter effects are 
discussed in Pk research (e.g., Varvoglis & Bancel 2015), and suggestions 
to avoid them should be taken seriously. We are not sure whether this would 
fully explain the non-existence of the effect in Study 2 or its oscillation, but 
in future research an “experimentally and theoretically blind” data analyst 
or an automatic analysis procedure that simply indicates when the stopping 
criterion is met would be recommended. For now the conclusion about the 
results of our studies is: There is no evidence for micro-Pk, but . . . !

Notes

1 To gain a deeper understanding of the null effect (H0) within the non-
smokers’ group, separate analyses were conducted on different subgroups 
of non-smokers. As can be seen from the results for casual smokers (n = 34, 
M = 200.7, SD = 9.33, BF = .27), former smokers (n = 12, M = 201.1, SD = 
8.94, BF = .40), strict non-smokers (n = 82, M = 200.5, SD = 10.16, BF = 
.19), smokers of other tobacco products (n = 4, M = 197.3, SD = 6.55, BF = 
.65), as well as a more conservative non-smokers group consisting of strict 
non-smokers and former smokers who stopped smoking for at least 1 year (n 
= 93, M = 200.77, SD = 10.0, BF = .19), no unusual differences were found, 
indicating that our addiction-related stimuli did not produce an effect and 
these groups can be combined.

2 Analyses for subgroups of the non-smoking sample were conducted for casual 
smokers (n = 36, M = 198.7, SD = 8.88, BF = .34), strict non-smokers (n = 
137, M = 199.8, SD = 10.60, BF = .14), smokers of other tobacco products 
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(n = 9, M = 201.6, SD = 8.02, BF = .47) and the conservative non-smokers 
group (n = 168, M = 199.0, SD = 10.74, BF = .28). Former smokers showed a 
moderate deviation from the expected mean (n = 38, M = 195.6, SD = 10.74, 
BF = 3.33).

3 Regarding the subgroups, a slightly different result was only found for former 
smokers (n = 50, M = 196.9, SD = 10.52, BF = 1.39).
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Appendix: Correlational Analyses

TABLE 1
Correlations between Mean Score of Cigarette Pictures,  Positive Attitude 

Toward Smoking (Attitude), and Addiction Score on the Fagerström Test for 

Nicotine Dependencies (Fager_Score) for Study 1

CP Attitude Fager_Score

Cigarette Pictures Pearson’s r —
BF10 —

Attitude Pearson’s r         −0.062 —
BF10            0.142 —

Fager_Score Pearson’s r         −0.030         0.010 —
BF10            0.119         0.114 —

 TABLE 2
Correlations between Mean Score of Cigarette Pictures,

Attitude Toward Smoking, and Level of Addiction for Study 2

CP Attitude Fager_Score

Cigarette Pictures Pearson’s r —

BF10 —

Attitude Pearson’s r 0.184 —

BF10 1.821 —

Fager_Score Pearson’s r 0.018 0.079 —

BF10 0.097 0.162 —

 TABLE 3
Correlations between Mean Score of Cigarette Pictures, Attitude Toward 

Smoking, and Level of Addiction for Both Studies Combined

CP Attitude Fager_Score

Cigarette Pictures Pearson’s R —

BF10 —

Attitude Pearson’s R 0.123 —

BF10 0.681 —

Fager_Score Pearson’s R 0.005 0.059 —

BF10 0.073 0.121 —
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Intentional effects of human observation on the output of quantum-based random
number generators (tRNG) have been studied for decades now. This research has
been known as micro-psychokinesis (micro-PK) and many studies in the field reported
evidence for mentally induced non-random deviations from chance. A most recent
meta-analysis from Bösch et al. (2006) revealed a very small and heterogeneous overall
effect size that indicated a significant deviation from chance across studies. There
remains doubt among the scientific community on the existence of micro-PK given: (i)
the small and heterogenous effect; and (ii) the fact that several independent replication
attempts of prominent studies failed to confirm the original results. The study presented
here was intended to provide decisive evidence for or against the existence of micro-PK.
An online experiment with 12,571 participants was conducted. The Bayesian analysis
revealed strong evidence for H0 (BF01 = 10.07). Thus, micro-PK did not exist in the
data. A closer inspection of the temporal change of the effect seemed to suggest a
non-random oscillative structure with a higher frequency than observed in simulated
data. The possible role of entropy and the relation to the model of pragmatic information
from von Lucadou (2015) is discussed.

Keywords: quantum observation, micro-psychokinesis, random number generator, RNG, model of pragmatic
information

INTRODUCTION

From time immemorial, humans have been fascinated by the relationship between the spiritual
and physical worlds. Speculation focuses on both the mind and body/brain connection and the
relationship between the mind and the outside physical world. Specifically, the idea that the mind
can materialize ideas/desires or modify aspects of physical reality has been widely addressed in
religion, mythology, and philosophy. Descartes, the great philosopher, mathematician, and devoted
gambler, wrote about his personal experience with mind and reality during the 1640s. He observed
that an otherwise random gambling outcome could be positively influenced by a gambler with a
happy and optimistic mood (cited in Davidenko, 1990, p. 306). It was another 300 years before
empirical examination of mind-matter interactions occurred. In the 1940s Rhine (1944) explored
mind effects on dice tosses. Since then, there have been a large number of studies that examined
mental influence or mentally induced statistical variations on inanimate probabilistic systems such
as tumbling dice, tossing coins, or random number generators (RNGs). This research is now
incorporated in work that is termed “micro-psychokinesis” (micro-PK) research (Varvoglis and
Bancel, 2015).
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The use of quantum-based RNGs, so-called true random
number generators (tRNGs), as an optimal source of randomness
has become the standard in micro-PK research (e.g., Jahn et al.,
1980). In meta-analyses of 100s of studies performed using
tRNGs, a small but significant effect of the human mind on non-
random deviations from chance was found (Bösch et al., 2006;
see also Radin and Nelson, 1989, 2003). Despite this, micro-
PK is not a generally accepted phenomenon in science. This is
because meta-analysis has several flaws, including the ability to
be biased by the inclusion of successful studies. In addition, high-
powered attempts to replicate positive micro-PK tests have not
been successful (e.g., Jahn et al., 2000; Maier and Dechamps, in
press). The goal of this study was to conduct a decisive scientific
test for micro-PK. A large-scale assessment was performed that
used Bayesian techniques to consolidate data until clear evidence
for or against the existence of micro-PK was found.

Micro-PK research using tRNGs began in the 1960s with
researchers using quantum states as a source of true randomness.
Over the following decades, the body of research data increased
(e.g., Schmidt, 1970; Jahn et al., 1980, 1987). A meta-analysis
by Radin and Nelson (1989), including 597 studies conducted
up until 1987, found a strong effect supporting micro-PK. This
result was confirmed 15 years later in a meta-analysis with
additional 176 new studies (Radin and Nelson, 2003). However,
these meta-analyses included studies using both tRNGs and
poorer-quality algorithmically-based RNGs. A more recent meta-
analysis by Bösch et al. (2006) only included studies using
tRNGs. This analysis of 380 studies undertaken between 1961
and 2004 identified a very small and heterogeneous effect that
indicated a significant deviation from chance (Bösch et al.,
2006). A significant negative correlation between sample size and
effect size was also found (Bösch et al., 2006). Given the small,
heterogeneous effect and this correlation, the authors concluded
that the observed effect might have been caused by publication
bias (Bösch et al., 2006); other researchers have questioned this
interpretation (Radin et al., 2006) and a deeper inspection of the
Radin and Nelson (1989, 2003) meta-analyses confirms that these
aspects do not apply to their data. Nevertheless many scientists
agree that evidence derived from meta-analyses alone does not
provide a convincing argument for the existence of micro-PK
effects. In addition, meta-analysis methods have recently been
criticized, especially with regard to the impact of heterogeneity
(e.g., Ioannidis, 2016). This has led to the suggestion that “a single
high-quality, well-reported study can be recommended instead of a
statistical synthesis of heterogeneous studies” (Brugha et al., 2012,
p. 450). A similar suggestion was made by van Elk et al. (2015).

However, high-quality studies aimed at replicating existing
results are scarce in micro-PK research. One example is the
Jahn et al. (2000) study that utilized research teams from
the PEARlab at Princeton University, the Grenzgebiete der
Psychologie und Psychohygiene at Freiburg, and the Center for
Behavioral Medicine at the Justus Liebig University Giessen.
They attempted to replicate the Jahn et al. (1987) benchmark
study involving 97 subjects and data from 2.5 million micro-PK
trials. The attempted replication, with 227 participants and over
2 million trials, failed to confirm the original results (Jahn et al.,
2000). Another is the Maier and Dechamps (in press) micro-PK

research that reported on two micro-PK studies using Bayesian
methods. The authors reported strong evidence supporting
micro-PK in Study 1 (BF10 = 66.7). However, in Study 2, a
pre-registered, high-quality replication of Study 1, they found
strong evidence for the null effect (BF01 = 11.07). Failure of
these high-powered studies to replicate earlier results also raised
doubts about the existence of micro-PK. To date, robust and
convincing evidence for micro-PK is missing. One potential
factor explaining some of the replication failures might lie in
the way intentional observation was manipulated. So far, to the
greater part explicit goal manipulation procedures have been used
in micro-PK research. To our view, this might be less fruitful than
a more subtle implicit manipulation. We will outline this in the
following paragraphs.

In parallel with empirical efforts, theoretical models have
been proposed to explain and predict the effect of the human
mind on quantum-based outcomes. Orthodox quantum physics
regards the randomness that occurs during the act of measuring a
quantum system as ontic and inherent in nature (see Greenstein
and Zajonc, 2006). For example, the location of one electron
is not classically defined before measurement but needs to be
described as a superposition of several simultaneous locations.
This phenomenon is captured by the mathematical concept of
a “wave function” (Schrödinger, 1935). After measurement, an
electron is found in one specific location with a probability
given by the square of the amplitude of the wave function
(Born, 1926). Thus, the results of a quantum measurement
are only predictable with likelihoods, never with certainty. In
addition, no measurement or observation can influence the
probabilities to produce deviations from randomness. Although
this is the standard interpretation of quantum mechanics, some
revised versions of quantum theory have recently been developed
that allow for mental processes during observation to slightly
influence the likelihood of an outcome of a quantum process.

Atmanspacher et al. (2002) presented the Generalized
Quantum Theory (GQT) (see also Römer, 2004; Filk and Römer,
2011; Atmanspacher and Filk, 2012). Here, a measurement
in a quantum experiment is considered an observation when
knowledge transfer takes place (epistemic split). This epistemic
split occurs when unknown potential quantum alternatives are
transferred into conscious knowledge. The knowledge transfer
can be shaped by the observer’s mind set, for example, his or her
intentions. Observer effects are thus described as entanglement
correlations between the intentional observer and the observed
system (von Lucadou and Römer, 2007). Consequently, non-
random deviations from quantum probabilities are allowed.
This theory also proposes that such deviations should decline
shortly after their first detection. The reason for this is that
deviations from randomness constitute a severe violation of
the “no signal theorem” in quantum mechanics. To utilize this
as evidence-based documentation is forbidden. This leads to
the disappearance of the micro-PK effect in later replication
attempts. Thus, on the macroscopic level, the no signal theorem
is saved (von Lucadou, 2006, 2015); in other words, if a signal
transfer occurs, it cannot be used intentionally because its
appearance and disappearance vary unsystematically. Maier and
Dechamps (in press) also suggested that a micro-PK effect
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changes over time and argued by referring to the entropy
principle that such effects might behave like dampened harmonic
oscillations, reflecting the interplay between the quantum-PK
effect and its counter-mechanism ‘entropy.’

Another theory is the OrchOR model proposed by Penrose
and Hameroff (2011; see also Penrose, 1989, 1994; Hameroff and
Penrose, 1996; Hameroff, 2012). Similar to Atmanspacher et al.
(2002), they view the act of measurement as a transfer from
unconscious knowledge about the nature of a quantum state
into a conscious experience of its exact existence. This transfer
occurs through quantum gravitation and can be affected by
Platonic values directly related to gravity. These values amongst
others include mental concepts (Hameroff and Chopra, 2012).
Thus, intentional observers might be able to non-randomly
influence the transition of potential quantum states into one
specific classical state. Both approaches have in common that
the mental effect on quantum randomness takes place before
the transition from the unconscious quantum to the conscious
classical state. Micro-PK should thus be mainly affected by
unconscious-related states of mind of the observer (Maier and
Dechamps, in press).

Given this premise, in our study we put participants who
observed the outcomes of a quantum experiment in a mindset
that was related to specific unconscious inner states. Participants
were presented with a brief relaxation and optimism inducing
meditative episode before they participated in the experiment.
This was designed to stimulate an inner, deeply rooted belief that
everything was good and will remain good. On an unconscious
level, this should attract more positive outcomes than negative
ones during randomly chosen stimulus presentations in a micro-
PK experiment with a tRNG. The stimuli selected by a quantum
based RNG at each trial consisted of positive and negative
pictures and auditory stimuli. Overall, we expected that the
average mean score for positive stimuli presentations should
be above chance (50%). No decline or harmonic oscillation
effects were expected at the beginning of the study and were
thus not the focus of our predictions. They are explored in
the additional analyses of the result section. The main goal of
our research was to provide a decisive, high-quality test for
micro-PK. We therefore decided to apply a Bayesian testing
approach. This method allows for data accumulation until a
stopping criterion (i.e., a pre-specified amount of evidence)
has been reached. As effects expected from micro-PK would
be small, it was clear we would need a sample size in the
1000s.

MATERIALS AND METHODS

Participant recruitment and data collection were organized by
Norstat, Germany1, a professional data collection company
specializing in online polling and testing with access to 650,000
potential participants in 18 European countries. The participant
pool consists of pre-profiled volunteer adults and undergoes
constant quality control.

1http://www.norstat.de

Participants
We decided to work with participant pools from three countries,
resulting in a sample highly representative of the European
population (see Table 1).

An invitation to participate in the study was sent from
Norstat to a random selection of participants daily, aiming for
a completion rate of about 100 per day. About 20–25% of invited
individuals completed the study.

Ethics Considerations
The experiment was approved by the ethics boards of Norstat
and the Department of Psychology (LMU). Norstat obtained
written consent from participants electronically by having them
press an “accept” button2. Within the consent form, participants
were informed in general terms about the study and advised that
participation was voluntary. Participants could also withdraw at
any point during the study. All data were coded, stored, and
analyzed anonymously.

Data Collection
The final sample size was not predefined. Instead an accumulative
data collection and analysis strategy using Bayesian inference
techniques for hypotheses testing was used (see Wagenmakers
et al., 2011). This approach allows for data accumulation (i.e.,
additional subjects can be tested and results added into the data
set) until a specified Bayes factor (BF) for H1 (or H0) has been
reached. It also allows an option to stop data collection at a
predetermined BF, so it is a more effective way of hypothesis
testing than frequentist inference methods. We used BF = 10 as
a stopping point for evidence collection of both an effect and a
null effect.

The Bayesian approach provides information on how to
update our beliefs given new incoming data. Bayesian methods
accumulate data concerning the effect in question and repeatedly
update the likelihood for an effect given additional data. The
strength of evidence for the effect is considered dependent on
both the likelihood of the data given that H0 is true as well as
the likelihood of the data given H1 is true. Those two likelihoods
are pit against each other leading to the so-called BF. The BF
describes the relative amount of evidence that the data provide
for or against a postulated effect. In this way, the existence (H1)
and the non-existence (H0) of an effect can be tested. A BF of
10 or higher is considered to indicate strong evidence for H1 or
H0, respectively. For instance, a BF10 = 10 means that the H1 is
10-times more likely to be true than the H0.

2http://opinion-people.com/dataprotection

TABLE 1 | Overview of the sample pools in Norstat.

Country Pool
size

Gender distribution
(in %) female/male

Age distribution (in %) 18–
24/25–34/35–44/45–54/55+

Germany 110,000 60/40 19/23/20/20/18

Spain 10,500 58/42 10/21/32/24/13

Italy 50,000 64/36 12/25/28/21/14
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To calculate the BF, a probability distribution for effect size
that is centered around zero with scale parameter r needs to be
specified a priori. This Cauchy distribution (δ ∼ Cauchy [0, r])
identifies the prior, i.e., the likelihood of the data given there
is an effect, p(data|H1). Wagenmakers et al. (2011) recommend
an r equal to 1. The statistic software JASP designed to perform
basic Bayesian analyses uses a default r of 0.707. Other authors
recommend a lower r of 0.5 (Bem et al., 2011) or of 0.1 (Maier
et al., 2014) knowing that PSI effect sizes are usually very small
(i.e., mostly in the range of 0.1 to 0.2). The choice of the prior
provides a degree of freedom within the Bayesian approach. For
data analysis in the studies presented here we decided to use a r of
0.1, i.e., δ ∼ Cauchy (0, 0.1). This parameter was selected before
data collection had been started.

We also decided in advance to analyze the data with a Bayesian
one sample t-test using a one-tailed approach given our directed
prediction. On a regular basis, almost every week, a one-sample
t-test was performed testing the actual sample’s mean score
of positive stimuli presentations against chance (50%). For all
Bayesian analyses, the statistical software tool JASP (Version
0.8.2, JASP Team, 2017) was used. This was repeated over several
months from November 2016 to July 2017 until the stopping
criterion was met.

Final Sample
When the criterion to stop was satisfied (BF > 10), a total
of 12,571 participants had been tested from three different
countries. Due to a technical difficulty and some participants
quitting the survey immediately after completing the study,
demographic data was only available for 11,158 of the
participants. Mean age of the final sample was 48.73 (SD = 13.60;
range from 16 to 90) with 5,617 females (50.3%) and 5,541
males (49.7%). Table 2 provides more demographic details of the
participant sample.

Materials
A survey was created that included a link to the study materials
on our webserver.

Experimental Program
The study was constructed as an online experiment. This means
participants were not tested in a laboratory but could participate
from any computer with internet access and audio output.
The experiment was displayed in the computer’s browser in
full-screen mode. It was implemented with jsPsych (de Leeuw,
20153), a JavasScript library for creating and running behavioral

3www.jspsych.org

TABLE 2 | Overview of the participant sample.

Country Participants Demographic
data

Female/
male (in %)

Mean age

Germany 10,316 9,015 51.0/49.0 48.78 (SD = 13.76)

Spain 1,130 1,116 47.7/52.3 46.9 (SD = 10.78)

Italy 1,125 1,027 47.8/52.2 50.22 (SD = 14.67)

Total 12,571 11,158 50.3/49.7 48.73 (SD = 13.60)

experiments in a web browser and ran on a dedicated webserver
in the university’s computer center. The Quantis tRNG, used as
random source for stimulus selection, was located in the same
room and connected to the designated server via USB.

Stimuli
Visual stimulus material was obtained from Shutterstock4, a
provider of royalty-free stock photos. Out of the library of
around 125 million photographs, 100 pictures reflecting a positive
prevailing mood and 100 pictures reflecting a negative one were
selected. Positive picture material consisted of photos showing
aspects of social belonging and affiliation, landscape shots, and
pictures of cute animals. The negative material was selected to
evoke displeasure within the participants; this was accomplished
through pictures depicting imminent danger (e.g., attacking
predators or weapons directed at the viewer, imagery provoking
distress or misery, or pitiful and nauseating images). Picture
selection was performed by the first and the second author based
on their experience in emotion induction.

In order to intensify the mediated affect, a multisensory
approach was used and audio stimuli were presented in addition
to the images. The positive and negative impacts were conveyed
by consonant and dissonant chords respectively. These piano
chords consisted of tones that either harmonize well (i.e.,
produce a harmonious and melodious experience) or tones that
harmonize poorly (i.e., form sharp dissonances, which are usually
perceived as unpleasant). A total of eight consonant and eight
dissonant chords were generated out of which two positive and
two negative ones were selected by the experimenters for the
study.

Generation of Quantum Randomness
For the purpose of random number generation, a quantum
number generator (Quantis-v10.10.08) developed by the
company idquantique from Geneva, Switzerland was used on the
webserver5. This apparatus produces quantum states by using
photons that are sent through a semi-conductive mirror-like
prism. Each photon has an equal chance of being deflected in one
of two directions, producing a superposition of both states, until
a measurement is performed. Upon measurement, the photon
is found on either route with 50% probability which is then
transformed into a numerical score such as 0 or 1, depending on
the track it was found (technically Quantis transforms 8 such bits
into 1 Byte). This procedure is thus a reenactment of the famous
double-slit experiment known in quantum physics testing the
wave-particle duality. The hardware passed validation tests of
randomness, such as the DIEHARD and the NIST tests (see
certificates from various independent agencies on the website),
and is regarded as one of the most effective tRNG worldwide
(Turiel, 2007). The tRNG was connected to the server via USB.
Since it operates without a buffer, it was ensured that the bit
responsible for the selection of the stimuli was created directly
before the presentation. A user monitoring code made sure that

4www.shutterstock.com
5http://www.idquantique.com/random-number-generation/quantis-random-
number-generator/
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different participants did not access the tRNG at the exact same
time but that everybody receives an individual bit.

Procedure
Participants received an email from the data collection company
inviting them to take part in a survey. They were asked to relocate,
if necessary, to an undisturbed environment. The participants’
audio was tested by playing a short audio clip and asking them
for its content. If they answered correctly, they were forwarded to
the university’s webserver, where the experiment was displayed
in full-screen mode. Participants were asked to close their eyes
and listen to a pre-recorded relaxation exercise designed to put
them in a relaxed and optimistic mood. The exercise was repeated
once with a total playing time of about 2 min6. It was available in
German, Italian, and Spanish and spoken by a native speaker. The
text of the relaxation exercise was:

Leave all your thoughts and worries behind you. Breath slowly
and calmly. Focus only on your breathing. Slowly and calmly...
Slowly and calmly. . . slowly and calmly. . . slowly and calmly.
You are feeling completely peaceful and relaxed and fully in
the present. Release all your tension. Relax your muscles. You
are feeling comfortable and safe! Completely comfortable and
safe.

Following the relaxation exercise, participants were
advised about the study. They were told that they would be
presented with pleasant and unpleasant images and sounds
and that they could abort the experiment at any time by
closing the window. Presentation of stimuli began after these
instructions.

During each trial, the tRNG chose a random number between
1 and 100 to decide which visual and auditory stimuli would be
displayed, then a random number between 0 and 1 to determine
whether the stimuli would be positive or negative. During this
process, a fixation cross was shown to the participant for 700 ms.
The stimuli (picture and sound) were presented for 400 ms.
Before the next trial, a black screen was shown for 1100 ms.
This process is illustrated in Figure 1. A total of 100 trials
were performed on each participant, which took approximately
6 mins.

6The playing times varied slightly between different languages.

After completing the task, participants were asked to fill out
a short questionnaire. With regards to our relaxation induction,
we asked participants to indicate their belief toward a general
contentedness and hopeful confidence by asking them to rate the
following statement: “I am strongly convinced that everything is
going to be fine” on a seven-point scale from Not true to Very
True.

Subsequently stimulus seeking was assessed with a scale
constructed by Bem et al. (2011) that contained two statements:
“I am easily bored” and “I often enjoy seeing movies I’ve seen
before” (reverse scored). Responses were recorded on five-point
scales that ranged from Very Untrue to Very True and averaged
into a single score ranging from 1 to 5 (Cronbach’s α = 0.59).

Furthermore, we constructed a self-efficacy attitude measure
related to general life outcome expectancies. This scale comprised
the following six statements: “In life, you don’t get anything for
free,” “You have to fight for everything,” “Life generally doesn’t
mean well for me,” “You have to take stick a lot if you want
to succeed,” “Nothing is going to change,” and “When it rains,
it pours.” Responses were recorded on a seven-point scale from
Not true to Very true and averaged into a single score. The scale
provides a good reliability (Cronbach’s α = 0.80).

Lastly we asked participants to fill out the Life Orientation
Test-Revised (LOT-R; Scheier et al., 1994). This questionnaire
assesses generalized optimism (Cronbach’s α = 0.76) and
pessimism (Cronbach’s α = 0.73) with three items each.

RESULTS

To explore the effectiveness of our relaxation manipulation, we
first analyzed the single item measure “I am strongly convinced
that everything is going to be fine.” Our hypothesis was that the
sample’s mean score of this conviction was above the average.
A one sample t-test (two-tailed) testing the item’s mean score
against 4, which was the exact midpoint of a seven-point scale
(ranging from not at all to very much), yielded a significant
effect, t(11157) = 67.05; p < 0.001. On average the mean rating
was significantly above the midpoint of the scale, M = 4.96
(SD = 1.51).

Next the observer effects on picture selection will be
reported. The data were analyzed on average every week by

FIGURE 1 | Stimulus selections and presentation times during one trial.
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the experimenter, the second author, depending on the number
of participants tested during the preceding days (see Bayesian
approach described above).

The study tested the hypothesis that after being exposed to a
relaxing and optimism inducing intervention, participants will,
on average, observe more positive stimuli than expected by
chance. The dependent variable was the percentage of positive
stimuli achieved by each participant across 100 trials. The average
percentage of positive stimuli for all participants was then tested
against the 50% score. The final Bayesian one sample t-test (one-
tailed) with 12,571 participants revealed a BF01 of 10.07 for
H0. The mean score for positive stimuli for all participants was
M = 50.02%, SD = 5.06, providing very strong evidence for a
null effect, with no deviation from chance. Figure 2 represents
a sequential analysis of the BF across all participants in the order
of testing.

A standard practice in micro-PK research is to display the
effect and its change over the time of data collection as a
cumulative z-score. This data sequence is shown in Figure 3.

As depicted in the graph, the effect went in the predicted
direction almost entirely throughout the experiment and several
times hit the 1.96 z-score line but then finally dropped to zero.
An identical variation in effect can be seen in the BF sequential
analysis.

In an additional set of analyses we also explored the
relationship between the personality variables assessed from
11158 participants and the mean number of positive stimuli
obtained from each individual. No significant correlations
between number of positive stimuli and general life outcome
expectancies (GLOE6), generalized optimism (LOT_Opt) and
pessimism (LOT_Pess) or Stimulus Seeking was found (see
Table 3).

DISCUSSION

The results of our study provide strong evidence for H0,
indicating no deviation of the mean number of positive stimuli
from chance in our sample. Relaxed and optimistically induced
participants who passively observed the pictures and auditory
stimuli, chosen at each trial by a highly sophisticated and
effectively working quantum RNG, seemed not to unconsciously
affect the quantum process toward non-randomness. The data
support the null hypothesis that predicted no mental effects
on quantum randomness. A BF higher than 10 also underlines
the robustness of this effect. In sum, the evidence speaks
against the revised quantum models of Atmanspacher et al.
(2002) and Penrose and Hameroff (2011) which postulate non-
random deviations of quantum outcomes by deeply rooted
mental activity. The data rather support original quantum
theoretical interpretations from Bohr, Bohm, Wigner, and von
Neumann that claim the observer has no active influence on the
probabilities of quantum experimental outcomes (see Greenstein
and Zajonc, 2006; Byrne, 2010). Although there are many
possibilities as to why an effect may not have occurred in this
experiment (e.g., failure of the induction method, distractions
on behalf of the subjects during performance, or low quality

FIGURE 2 | Sequential Bayesian one-sample t-test analysis of the percentage
of positive pictures across all 12,529 participants.

FIGURE 3 | Sequential analysis of data by computing a cumulative z-score
from the percentage of positive stimuli obtained after each participant.

of stimuli used), we assume that these and other factors would
only increase error variance. Even then, the power of several
1000 subjects should be sufficient to detect an effect given
a high error variance. The study was designed to overcome
these limitations with an enormous power and to provide a
sincere test of the proposed micro-psychokinetic mind-matter
interaction. We thus believe that the null effect documented
here might very well-constitute a real absence of a mental
influence on quantum randomness at least at the level of the
average mean score for positive stimuli. This would fit with
earlier skeptical arguments raised by Bösch et al. (2006) against
micro-psychokinesis reported in meta-analyses who suggest that
those effects might be due to publication biases. In addition, no
moderating effects of personality traits were found.

ADDITIONAL ANALYSIS

The sequential Bayesian analysis and the z-score accumulation
across participants also allowed for a closer inspection of
statistical trends in the data. Interestingly, there seems to be
a pattern of repeated change. The micro-PK effect appears to
be alternatingly increasing and decreasing several times during
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TABLE 3 | Bayesian Pearson correlations between number of positive stimuli and
personality variables.

Pos_Imgs GLOE6 LOT_Opt LOT_Pess

Pos_Imgs Pearson’s r —

BF10 —

GLOE6 Pearson’s r −0.015 —

BF10 0.039 —

LOT_Opt Pearson’s r −0.005 −0.301 —

BF10 0.014 1.682e+228 —

LOT_Pess Pearson’s r −0.009 0.615 −0.425 —

BF10 0.019 ∞ ∞ —

SS Pearson’s r 0.002 0.025 −0.149 0.087

BF10 0.012 0.340 3.299e+52 4.088e+16

the data collection period. This fact is noteworthy, since a
similar observation has recently been made in comparable micro-
psychokinesis studies investigating uninstructed goal-dependent
observation effects on tRNG’s outputs (Maier and Dechamps,
in press). In this research, two studies have been performed
testing the hypothesis that smokers would cause a substantial
deviation from chance on the mean number of cigarette-related
pictures being presented. Without going into substantial detail,
the general outcome of the studies was that the effect increased
to an overall BF of above 100 until the beginning of Study 2;
subsequently, there was a reversion of the effect back to a BF of 1
at the end of Study 2. This appearance-disappearance-pattern was
not present in the non-smokers data nor in a simulation where no
observers were present. In the latter two cases, no effect was there
at any time. In addition, other research groups who extensively
studied micro-psychokinesis also report such a decline of the
effect during replication attempts (Jahn et al., 2000). Reports of
similar decline effects in other studies complete this picture (see
Radin, 2006).

Given these unexpected, yet broadly manifesting appearance-
disappearance-patterns, theoretical efforts have been undertaken
to understand such decline effects in micro-PK. One model that
tried to understand the nature of this empirical phenomenon
was proposed by von Lucadou (2006, 2015). His theory refers
to the idea of Pragmatic Information and applies it to observer-
related quantum effects. According to this theory, the novelty of a
finding is complementary related to its likelihood of confirmation
(i.e., the more novel a quantum effect, the lower the likelihood
of a successful replication). The supposed principle behind
this mutual relation is that quantum effects, such as micro-
PK, violate the “no-signal theorem.” To cure this violation, the
later confirmation of this effect needs to be prevented such
that the macroscopic evidence vanishes when additional data
are collected. Empirically, this should lead during proceeding
observation to a decline of the effect after initial appearance.
According to von Lucadou (2015), rather, the effect might
unsystematically re-appear on other indicators that were not
initially studied. Any effects are thus unsystematically hidden
within the additional data acquisition.

As Maier and Dechamps (in press) emphasize, “the theoretical
problem with this approach however is that real null effects
documented by replication failures of spurious findings cannot be

distinguished from decline effects. The consequence is that with the
standard scientific replication approach micro-psychokinesis effects
cannot be scientifically studied. Either way, this would mean we
should abandon PSI research from science (for a similar argument
see Etzold, 2004) (p. 32).” To solve this dilemma, Maier and
Dechamps (in press) adjusted von Lucadou’s model arguing that a
violation of the no-signal theorem in quantum physics constitutes
a severe violation of the Second Law of Thermodynamics which
states that entropy needs to increase over time. The consequence
would be that a mentally induced deviation from quantum
randomness causes entropy to set in and to counteract this trend.
The weaker the quantum effect becomes by this intervention,
the quicker the entropic counter-process decreases. This would
allow the deviation effect to re-establish itself although with a
lowered effect size than initially shown. The authors propose that
this interplay continues until the quantum effect has completely
vanished. The decline is thus proposed not to be unsystematically
drifting toward other indicators but rather follows a systematic
pattern of alternations within the same indicator best described
as dampened harmonic oscillation of this type:

y(t) = ae−βt cos(ωt + ϕ)+mt + h

With y indicating the effect (e.g., the accumulative z-score)
and t representing the additional data collected. The meaning of
the parameters for the proposed function can be found in Table 4.

We propose that the data presented in this study here
also follow a similar systematic pattern of decline matching a
dampened harmonic oscillation function as suggested by Maier
and Dechamps (in press). In the following, we estimated the
parameters of the mathematical function shown above for the
human data reported here and compared the estimation found
with a function derived from simulated data. The simulation
was performed with the same experimental design, apparati, and
procedures but without human observation. It contains data from
12,571 simulated participants.

Parameter Estimation for Human Data
Parameter estimation was performed with curve-fitting
algorithms provided by the mathematical software tool
Wolfram Mathematica Version 11.1.1.07. The mathematical
equation mentioned above, reflecting the dampened harmonic
oscillation, was provided to the software. The program went
through several reiterations, until according to the Maximum
Likelihood principle, the group of estimated parameters best fit

7https://www.wolfram.com/mathematica/

TABLE 4 | Parameter description of the dampened harmonic oscillation.

Parameter Meaning

a Amplitude

β Decline

ω Frequency

φ Phase Shift

m Linear Slope Score

h Shift along Axis of Ordinates
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the empirical data pattern. The approximated function found for
the data reported in this study here was:

y = −0, 997268e−0,000165877t cos(0, 0018058t + 3, 29522)

+8, 199∗10−6t + 1, 0348

The minimal mean error variance obtained was 0.14 and
constitutes the best fit to the data. Any other solution produced
a higher error variance. A graphical display of this function
together with the empirical effects described as cumulative
z-score is displayed in Figure 4.

As can be seen, the course of the effect across time
approximately follows an alternating pattern, similar to a
dampened harmonic oscillation (see red line).

Parameter Estimation for the Simulation
A simulation was performed to create a control data set for
experimental trials without any form of observation. 12,571
data sets were created by running the experimental sessions
without any observer being present. Procedure, apparatus, and
experimental design were the same as in the human observation
condition.

Results
The simulated data were submitted to a Bayesian analysis testing
the difference of the average mean score of positive stimuli against
chance. A one-sample Bayesian t-test was performed revealing
a mean score of positive stimuli of M = 50.00% (SD = 4.99)
with a BF01 of 13.78, indicating strong evidence for the H0. The
sequential analysis can be seen in Figure 5.

In addition, the same parameter estimation for the dampened
harmonic oscillation equation reported above was also performed
with the simulated data. The z-transformed accumulated data
were submitted to the parameter estimation again with curve-
fitting algorithms provided by the mathematical software tool
Wolfram Mathematica Version 11.1.1.08. The approximated
function found for the simulation was:

y = 0, 359445 cos(0, 000763727t + 3, 93937)

−0, 0000966587t + 0, 85242

The minimal mean error variance obtained was 0.09.
A graphical display of this function together with the cumulative
empirical z-scores can be seen in Figure 6.

As can be seen from the graph, simulated data can be
approximated by a dampened harmonic oscillation function.
This is no surprise, since real random effects should initially
alternate and with further accumulation asymptotically drift
to the zero line. However, in this case, the likelihood for
substantial further alternations strongly decreases with additional
data generation.

8http://www.wolfram.com/mathematica/

FIGURE 4 | Approximated harmonic oscillation function for the data from all
12,529 participants.

FIGURE 5 | Sequential Bayesian one-sample t-test analysis of the percentage
of positive pictures obtained by the simulation.

FIGURE 6 | Sequential Bayesian one-sample t-test analysis of the percentage
of positive pictures obtained by the simulation.

Comparing Human and Simulated Data
The human and the simulated data should – if the harmonic
oscillation assumption is true – differ mainly in the frequency
parameter ω. Real effects should produce more pronounced
oscillations than artificial data. To explore this, we compared
the 95%-confidence intervals for both frequency scores and
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FIGURE 7 | Frequency of the oscillation for real (A) and simulated (B) participants.

found indeed that they did not overlap. The frequency score
ω obtained with the human data was ω = 0.0018058 with a
95%-confidence interval ranging from [0.00179767; 0.00181392]
and the frequency for the simulated data was ω = 0.000763727
with a 95%-confidence interval ranging from [0.000755895;
0.000771559]. Thus, oscillations are much more frequent in the
human data than in the simulated control data. This difference
is also illustrated in Figures 7A,B. This graph only reflects the
frequency score when all the other parameters are held constant.

The raw data of the results presented in this manuscript
(excluding the personality variables) can be found under:
https://open-data.spr.ac.uk/dataset/role-conscious-observation-
quantum-randomness-dataset.

Discussion
In the additional analyses, specific trends in the micro-PK data of
our study were investigated. Based on the original explanation for
decline effects in PSI, data first presented by von Lucadou (2006,
2015) who assumed a complementary relation between novelty of
an effect and its confirmation, Maier and Dechamps (in press) in a
re-analysis of their original micro-PK effects proposed that such
effects should decline in a systematic way through the interplay

between PK-effect and entropy. Specifically, the time course of
micro-PK effects should closely match a dampened harmonic
oscillation. The pattern of human-related micro-PK oscillations
should be different from data obtained without observation. This
proposition was tested with the data obtained in the study here.
Interestingly, as predicted, the oscillating pattern was different
for human as compared to simulated data. The frequency score
thus appears to be a good indicator for micro-PK and – assuming
that the postulated systematic decline mechanism is true – might
be a much better indicator for non-random deviations than the
overall mean score obtained in any micro-PK experiment. Future
research should focus on systematic decline effects of this nature
rather than on normative deviations from chance. Admittedly, at
the beginning of this study, this hypothesis and the theoretical
background did not exist. It was developed at the end of the
data collection from Maier and Dechamps (in press) and applied
to the data collected and described here on a post hoc basis
only. However, we think that it provides a good basis for future
research not only on micro-PK but on PSI in general. For now,
it is not considered as evidence for micro-PK in the present data.
Rather, the goal here was to inform the community about this
promising development.
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An alternative explanation for this null effect or for the oscillating
pattern might also be found in experimenter effects on micro-
PK that are specifically tied to the Bayesian approach. The
Bayesian sequential analysis demands a continuous monitoring
of effect changes due to its stopping rule. The experimenter
who is repeatedly watching the updated mean score might
develop drifts in his beliefs and by doing so incidentally
causes effect changes across time. Varvoglis and Bancel (2015)
discuss such experimenter effects in PK research in which the
experimenters are considered hidden participants. We are not
sure whether this would fully explain the non-existence of the
effect or its oscillation, but in future research an “experimentally
and theoretically blind” data analyst or an automatic analysis
procedure that simply indicates when the stopping criterion is
met could be used.

CONCLUSION

This study was introduced as a high quality and decisive test for
micro-PK. Although several meta-analyses found evidence for
micro-PK (Radin and Nelson, 1989, 2003; Bösch et al., 2006),
the bulk of the scientific community was not convinced by
this form of data aggregation. Rather, they took Carl Sagan’s
position arguing that ‘extraordinary claims require extraordinary
evidence.’ Brugha et al. (2012) identified a “single high-quality,
well-reported study” as one such potential form of extraordinary
evidence. We have tried to deliver such a study. The quality
features we aimed for were: high power (using a very large
sample size), representative sample, high-quality randomization,
sophisticated stimuli, objective presentation procedures and high
standards on participants’ compliance. All these requirements
were met from our team and with the aid of Norstat, a
professional polling agency. The results obtained were indeed
decisive. Clear and strong evidence for a null effect was found.
Thus, micro-PK was not existent in the data. This supports the
arguments raised against micro-PK by many skeptics in the field
(e.g., Alcock, 2011). It has to be noted that in our study we focused
on unconsciously affected intentional states of the observers by
using a rather indirect manipulation of our participants’ goals
during the picture presentations. The majority of micro-PK
studies however have been performed with explicitly induced
intentional states. It is unclear how such a manipulation would
have affected our participants’ behavior in our study design.
Having no such comparison condition is a limitation of our study
in terms of generalizability and should be addressed in future
micro-PK research.

We would like to emphasize, that the conclusion of “evidence
for no effect” is only true when referring to the average mean
score of positive stimuli. No deviation from randomness was

indeed found with this score. A closer inspection of the temporal
change of the effect on the other side revealed some potentially
systematic regularity that was not present in the simulated data
and can thus hardly be explained by random fluctuations alone.
It seemed that the effect in its temporal development across
participants behaved like a dampened harmonic oscillation and
the amount of oscillations found with human compared to
simulated data clearly differed. Maier and Dechamps (in press)
explained the existence of such a data pattern through the
occurrence of a mechanism called entropy that counteracts the
original micro-PK effect. Their mutual interplay most likely
produces a dampened harmonic oscillation. If this, admittedly
speculative, assumption is true, future PSI research involving
quantum RNGs should not focus on significant deviations from
chance, but rather should explore oscillating patterns across
time and compare these with simulated data. This would be a
more fruitful approach than fighting a basic premise in quantum
mechanics and it would fit the law of conservation of energy and
therefore avoid theoretical paradoxes within science.

In addition, such an oscillating pattern could also be true
for standard psychological experiments that involve unconscious
processing. Also, for these studies, from a physical point of
view, effects are produced effortless and automatic and should
therefore also violate the laws of energy conservation and
entropy. This should also lead to entropic declines during
replication attempts and might also result in an oscillating
pattern of effect change. The replication crisis could thus to some
extent be also influenced by these mechanisms. We encourage
researchers who were working on unconscious processing to
analyze their original data and replication attempts accordingly.

Descartes, a famous and well-respected 17th century
mathematician and philosopher, was convinced of the existence
of micro-PK when he stated that a gambler’s optimistic attitude
can bias the outcome of a gambling game toward success. In
light of our empirical finding, we would say that he was right
only to a certain extent. Indeed, the optimistic gambler might
initially achieve higher gains, but then he also has to pay the
price of higher losses. Gains and losses during the game will then
alternate and approach the chance line at some point. The net
earnings will be zero despite the optimistic attitude, but the wins
and losses during the game will be more pronounced than in a
neutral mood.
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Abstract—According to standard quantum theory, the occurrence of a 
specifi c outcome during a quantum measurement is completely random 
(see Bell 1964). However, some authors refer to revised versions of quan-
tum mechanics (e.g., Walker 2000, Penrose & Hameroff  2011, Mensky 2013, 
Stapp 2017), and propose that the human mind can actually infl uence the 
probability of such outcomes. Empirical support for this idea has been pro-
vided by micro-psychokinesis (micro-PK) research, which shows a small but 
signifi cant overall eff ect (see Bösch, Steinkamp, & Boller 2006). However, 
attempts to replicate specifi c fi ndings have often failed (e.g., Jahn et al. 
2000), a critique that is not exclusive to psi paradigms. In an attempt to ex-
plain these failures, von Lucadou, Römer, and Walach (2007) established a 
theoretical model predicting unsystematic variations of such an infl uenc-
ing eff ect across replications, resulting in a decline of a predictable eff ect 
in micro-PK data over time. Maier, Dechamps, and Pfl itsch (2018) slightly 
expanded this theory by proposing that the temporal variation of such 
an eff ect follows a systematic pattern, which can be tested and used for 
prediction making. In this research, we generated such a prediction using 
data from two previous studies that initially demonstrated a strong micro-
PK followed by a subsequent decline in the eff ect over the course of 297 
participants (Maier & Dechamps 2018); we then put it to the test with a 
preregistered additional set of newly collected data from 203 subjects. We 
compared these results with 10,000 simulated datasets (each set with an N 
= 203) each comprising random data. Three tests were applied to the exper-
imental data: an area under the curve analysis, a local maximum fi t test, and 
an endpoint fi t test. These tests revealed no signifi cant fi t of the real data 
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regarding the predicted data pattern. Further analyses explored additional 
techniques, including an analysis of the highest-reached Bayes Factor (BF) 
over the course of the experiments, the overall orientation of the BF curve, 
and its transformation into oscillatory components via a Fourier analysis. All 
these methods allowed for statistically signifi cant diff erentiations between 
experimental data on the one side, and the control group and simulation 
data on the other. We conclude that the analyses of the temporal develop-
ment of an eff ect along these lines constitute a fruitful approach toward 
testing non-random and volatile time trends within micro-PK data.
Keywords: micro-psychokinesis—observer eff ect—mind–matter— 

 quantum measurement

Introduction

The relationship between the mental and the physical worlds, between mind 
and matter, remains a fascinating enigma to this date. Recently, advanced 
theories have tried to shed light on the mutual interactions of these worlds 
by incorporating ideas pertaining to an inherent connection of quantum 
theory and consciousness (see Atmanspacher 2004). A quantum state is 
characterized by peculiar properties, such as the superposition of multiple 
states or the possibility of entanglement. The transition from a quantum to 
a classical state is associated with the measurement of the quantum system. 
Whereas orthodox quantum mechanics mostly denies that mental aspects 
play a crucial role in the measurement process (see Greenstein & Zajonc 
2006), some researchers argue that consciousness, or other mental concepts, 
contribute a much more relevant part in this transition (e.g., Penrose & 
Hameroff 2011, Mensky 2013, Stapp 2017, see also von Neumann 1932, 
Wigner 1963, Walker 2000).

According to some of these models, the quantum state can be interpreted 
as a pre-real possibility space, which interacts with both classical physical 
states and their corresponding representations within the conscious mental 
world (Filk & Römer 2011, Atmanspacher & Filk 2012, Stapp 2015). 
Quantum measurement, the moment when one of many superposed 
possibilities becomes real according to classical physics, is equally 
considered as a transference of knowledge from unknown into consciously 
known knowledge. If a measurement is characterized by the conscious 
processing of a classical outcome, quantum-specifi c effects must therefore 
operate within a pre-conscious realm (Penrose & Hameroff 2011, see also 
Penrose 1989, 1994, Hameroff & Penrose 1996, Hameroff 2012). Accepting 
this possibility, Jung and Pauli (see Atmanspacher 2012) even argued that 
conscious observation during quantum measurements itself does not cause 
the physical transition from quantum to classical states; rather, conscious 
observation of a measurement result co-occurs with the manifestation of 
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a classical state in the physical world. Standard orthodox quantum theory 
predicts the occurrence of specifi c measurement outcomes with a probability 
function that is ontic in nature. Comparatively, some authors argue that the 
measurement interaction is not unidirectional, but that information can fl ow 
from observer to the observed system, consequently biasing the probability 
distribution (e.g., Walker 2000, Stapp 2015).

Although consciousness is crucial to these considerations, the origin 
of such a bias must be located in the transition from a subconscious to a 
conscious state of mind. Studies showing directional psi effects of subjects 
not consciously intending them support this claim (Stanford 1976, Stanford, 
Zenhausern, & Dwyer 1975). Maier and Dechamps (2018) extended the 
idea that this reality-shaping effect is non-intentional (Stanford 1990) and 
goal-oriented (Schmidt 1974) by characterizing the underlying unconscious 
motivational states.

Accordingly, these states, which translate their drives via emotions 
(e.g., fear or hope) into conscious realizations, provide the object of the 
infl uencing mechanism. For instance, if an individual has an unconsciously 
grounded motive to smoke, their corresponding desire is emotionally laden 
with the fear of not having enough nicotine in their body. This defi cit-oriented 
fear translates into an expectation of never receiving enough of the desired 
substance. When such an addicted person interacts with a quantum system 
that is connected with two equally likely realities—one that corresponds 
to their motive, and the other being neutral regarding their motive—their 
desire will infl uence the measurement of that quantum system. Accordingly, 
this will lead to an increased likelihood of experiences corresponding to the 
implicit belief; a consequence that standard quantum probability would not 
allow. In other words, under such circumstances the unconscious mental 
constitution of an observer would create classical realities that include their 
conscious observations that accord with the individual observer’s inner 
emotional desires. This would represent a truly self-fulfi lling prophecy.

This idea is congruous with results yielded by micro-psychokinetic 
(micro-PK) research. Micro-PK can be described as mental infl uences 
on inanimate and probabilistic systems that produce effects that are only 
detectable through statistical means (Varvoglis & Bancel 2015). Typically, 
this involves studies measuring the infl uence of observers on random target 
systems, such as random number generators. Several meta-analyses have 
aggregated data from hundreds of micro-PK studies and found substantial 
overall effects resulting from observer infl uences (Radin & Nelson 1989, 
Bösch, Steinkamp, & Boller, 2006). The high heterogeneity of the effect 
sizes raises concerns for some critics; however, Varvoglis and Bancel (2015) 
conclude that despite some publication bias quite possibly being present, an 
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unrealistically large fi le drawer would be needed to annul the results (see 
also Radin et al. 2006).

Nevertheless, micro-PK research has to grapple with recurrent 
diffi culties, arguably the most important of which is the lack of successful 
direct replications (e.g., the replication of the PEAR landmark study; Jahn 
et al. 2000). This evasive nature of psi effects has not gone unnoticed within 
the psi research community (e.g., Bierman 2001, Kennedy 2003), and has 
furthermore confronted us with challenges during an attempt to replicate a 
promising fi rst study on micro-PK (Maier & Dechamps 2018).

In this set of two consecutive studies, we originally aimed to investigate 
a possible mind–matter interaction by experimentally linking the outcome 
of a random event to a psychologically meaningful experience. Studies 
focusing on a relaxed mental state of effortless intention usually generate 
better results than those focusing on an intentional and deliberate infl uence 
on randomness (e.g., Braud & Braud 1979, Debes & Morris 1982). 
Accordingly, we designed our independent variable using a primarily 
unconsciously driven state: the desire for cigarettes within regular smokers. 
Through these means we ensured that we integrated the subject’s implicit 
mental state into the design.

In the fi rst study, we compared the effects of participants with a 
pronounced drive—regular smokers—on the output of true random 
number generators (tRNGs) with the effects of non-smoking, and therefore 
unmotivated, participants. Depending on the tRNG’s outcome, pictures 
pertaining to the drive and need (e.g., people smoking) or pictures not 
pertaining to this need (e.g., a chair) were displayed to the passively 
observing participants. We then tested whether the distinctive mindset of 
regular smokers led to a bias in the quantum measurement process and, 
subsequently, to a non-random distribution of addiction-relevant stimuli.

In Study 1, 122 smokers and 132 non-smokers were presented with 400 
trials. We hypothesized that the specifi c mental attitude toward cigarette-
related content within smokers would lead to a deviation in the number of 
smoking pictures from that of random chance; accordingly, no deviation 
from chance was expected concerning the non-smokers.

Data were analyzed using a Bayesian approach (see Wagenmakers et 
al. 2011), which updates the support and evidence for either hypothesis 
with each new data point by pitting their likelihoods against one another. 
This subsequently allows for sequential testing, which involves adding and 
continuously analyzing data until a pre-specifi ed stopping criterion has been 
met. We decided upon a Bayes Factor (BF) of 10 as a stopping rule, which 
corresponds to strong evidence toward a given hypothesis. Concerning 
a prior probability, we decided to use a Cauchy distribution centered on 
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zero with an r of 0.5, i.e. δ ~ Cauchy (0, .5), as proposed by Bem, Utts, 
and Johnson (2011). At the beginning of this research there was no clear 
prediction regarding direction of the effect, and so a two-sided approach 
was chosen.

The final Bayesian t-test analysis with 122 smokers yielded a BF of 
66.06 toward H1; this means that it was 66 times more likely to obtain the data 
when the alternative hypothesis was true than when the null-hypothesis was 
correct. Smoking participants saw an average of 49.18% addiction-related 
stimuli (‘cigarette pictures’), a percentage substantially below the expected 
chance value of 50%, thereby representing a very strong effect. Concerning 
the non-smoking subsample of 132 participants, the Bayesian t-test yielded 
a BF of 6.13 (=1/0.16) toward H0; this indicates moderate evidence for a 
null effect (see Table 1). These remarkable results point to a need-specifi c 
micro-PK effect within those participants who experienced a subconsciously 
active but defi cit-oriented desire toward the relevant stimuli. The results are 
in line with the reasoning of the emotional transgression model, as outlined 
above (see also Maier, Dechamps, & Pfl itsch 2018). This model emphasizes 
the importance of implicit beliefs—in this case an unconscious experience 
of a lack of nicotine—when infl uencing the actualization of a corresponding 
outcome as part of a micro-PK experiment. This defi cit translates into 
craving and addictive actions on one side, and into a subconsciously active 
mental pattern centering on ‘not having enough’ (of the addictive substance) 
on the other. Consequently, this unconscious fear leads to a self-fulfi lling 
prophecy: The lack experienced by the smoker ‘establishes’ a confi rming 
reality that misses smoking-related content. Accordingly, the consciously 
experienced classical reality corresponds to the unconscious inner beliefs 
of the observer.

TABLE 1
Mean Number of Cigarette Pictures and BF 

for Both Subsamples in Studies 1 and 2

SMOKERS NON-SMOKERS

N M (SD) BF
10

N M (SD) BF
10

Study 1 122 196.7 (9.87) 66.06 132 200.5 (9.86) 0.16

Study 2 175 200.3 (10.38) 0.09 220 199.0 (10.34) 0.30

Studies 1 & 2 297 198.8 (10.31) 0.61 352 199.6 (10.11) 0.12
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After these initially promising results, we decided to perform an exact 
replication of the experiment to further substantiate the observed effect. 
The pre-registered replication1 used the same procedural details as those 
of the fi rst study. Surprisingly, our expectations were not met, and Study 
2 did not replicate the fi ndings of Study 1. For smokers, Study 2 revealed 
strong evidence toward the null hypothesis (BF01 = 11.07); comparatively, 
for non-smokers Study 2 revealed moderate evidence in the same direction, 
replicating the fi ndings of Study 1 (see Table 1).

We faced a dilemma at this point, as the data yielded by Study 2 
suggested there was no replicable effect of the smoker subsample on the 
number of cigarette pictures. Still, the effect development of the smoker 
and non-smoker subsamples seemed to differ immensely over the course 
of both experiments. This was particularly obvious when concatenating 
the data of both studies, as is allowed with Bayesian sequential testing. 
The two-sided one-sample t-tests showed a remarkable development within 
the smoker subsample. The BF begins to rise after about 80 participants, 
quickly surpassing the threshold of (very) strong evidence, reaching a 
climax of BF10 = 421.2 at participant number 134, shortly after commencing 
the second study. Soon a dramatic decline began to appear, countering the 
effect and eventually leading to an overall BF lower than 1, indicating 
evidence toward the null hypothesis. This extraordinary change in effect 
across times was found only within the smoker subsample. Contrarily, the 
non-smoker subsample showed a steady and consistent decline toward H0 
from the beginning (see Figure 1).

Given the apparent differences of the temporal changes in the 
sequential BFs of the two subsamples, we speculated as to the presence 
of a systematic time-dependent micro-PK effect, despite the lack of 
replication. As mentioned earlier, decline effects are somewhat prominent, 
especially in psi research (e.g., Bem, Palmer, & Broughton 2001, Radin 
2006). Accordingly, it seems as if for these—and potentially other effects—
different methodological approaches might be used other than the replication 
of original results. As the temporal development of the effect is so clearly 
identifi able among the data, we decided to focus on this temporal change. 
Of particular interest was the onset and development of the effect decline 
and whether a systematic pattern could be described here (see also Maier, 
Dechamps, & Pfl itsch 2018).

This decline of initially strong effects—referred to as the statistical 
equilibrium effect, the balancing effect, the differential effect, or the fi rst-
timer effect, among other names; we refer to this pattern as the “Nemesis 
effect” (in reference to the ancient Greek goddess of retributive justice)—
seems to pervade many psi studies, within both our lab and others. 
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Explanations for this effect, along with selective publication and increasing 
study quality (both do not apply here), include several psychological 
variables, for example subjects becoming tired or bored with the task. 
However, between-experiment declines of effects, as is often the case, cannot 
be explained through these mechanisms (for an overview, see Bierman 
2001). Another psychological explanation revolves around unconscious 
belief systems toward supernatural phenomena. Since implicit beliefs seem 
to play a crucial role in the characteristic or direction of a reality-shaping 
infl uence, Eisenbud (1992) reasoned that an unconscious motivation to live 
in an orderly world might be responsible for a decline of paranormal effects 
(see Braude 2016).

Von Lucadou, Römer, and Walach (2007) addressed the phenomenon 
of declining effects theoretically and provided an elaborated explanation in 
their Model of Pragmatic Information (see also von Lucadou 2006, 2015). 
Pragmatic information is meaningful for a closed system and provides an 
opportunity for entropy-reducing change (see Weizäcker 1974). The authors 

Figure 1. Sequential Bayesian analyses of mean number of cigarette pictures 
for smoker (top curve, red line) and non-smoker (bottom curve, blue 
line) subsamples. Dotted lines indicate the transition from Study 1 to 
Study 2 within both subsamples.
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considered this kind of pragmatic information as a prerequisite for the 
emergence of nonlocal correlations within closed psychophysical systems, 
which underlie most psi effects (von Lucadou 1995, Walach, von Lucadou, 
& Römer 2014). Psi effects can be understood as entanglement correlations 
that are mediated not through causal signals, but rather as a consequence of 
a specifi c confi guration of a system’s mental and material components (von 
Lucadou, Römer, & Walach 2007). Any artifi cial setups allowing the use 
of such pragmatic information within entanglement correlations for signal 
transmission—something that would be feasible if psi effects were robust 
and replicable—would lead to a reduction of pragmatic information and, 
therefore, to an unsystematic disappearance of psi effects in later replication 
attempts. This would satisfy the important Non-Transmission Axiom (NT 
Axiom) of quantum mechanics (Atmanspacher, Römer, & Walach 2002, 
von Lucadou, Römer, & Walach 2007). The NT Axiom is supposed to 
prevent physical paradoxes such as faster-than-light signal transfer (see also 
Einstein, Podolsky, & Rosen 1935) and ensure that natural order is abided 
(Walach, von Lucadou, & Römer 2014). Von Lucadou, Römer, and Walach 
(2007) condensed the factors responsible for the decline in the following 
formula:

   I = R * A = B * E

Here, the amount of pragmatic Information (I) increases with higher 
proportions of Novelty (E) and Autonomy (A), and decreases with higher 
proportions of Confi rmation (B) and Reliability (R). Replication studies 
involve low levels of novelty and autonomy as they often involve the 
specifi cation of a clear prediction and are, therefore, unlikely to contain a 
sizable amount of pragmatic information; i.e. they are without unambiguous 
results (Etzold 2004, Walach, von Lucadou, & Römer 2014). In sum, the 
Model of Pragmatic Information (MPI) predicts that exact replication 
attempts of psi effects based on non-locally correlated systems need to decline 
in the original dependent variable and possibly reappear unpredictably in 
other variables of the system (so called ‘displacement’). This would also be 
true for micro-PK effects and may provide an explanation for the elusiveness 
of such phenomena (von Lucadou, Römer, & Walach 2007).

Maier, Dechamps, and Pfl itsch (2018) (see also Maier & Dechamps 
2018) also refer to the MPI to explain their results, though they revised 
its predictions regarding the decline of psi effects. Instead of adopting the 
assumption regarding the unsystematic disappearance of the effect per the 
original MPI, these researchers proposed a systematic temporal change 
of micro-PK effects (and psi effects in general). This revision is based 
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on the idea that evidence for micro-PK constitutes a severe violation of 
the Second Law of Thermodynamics because a chaotic system, such as a 
random quantum event, becomes more orderly under micro-PK without 
the investment of energy. Such a system therefore decreases in entropy 
over time. Consequently, with increasing evidence for micro-PK, the onset 
of an entropic countereffect is proposed. We assumed that this entropic 
countereffect manifests as soon as the information resulting from mentally 
induced deviations from quantum randomness reaches a certain threshold 
of experimental evidence. Once this original effect—and the evidence for 
such an effect—has weakened, the countereffect also loses power, allowing 
the micro-PK effect to reappear again. This interplay between effect and 
countereffect should lead to a distinctive pattern when analyzing the effect’s 
temporal development.

In a recent publication reporting the results of two micro-PK studies 
using smokers and non-smokers—and the time course of these effects 
across the studies (Maier & Dechamps 2018)—we proposed a way to study 
a systematic variation of the effects by analyzing their temporal change. 
Within the aforementioned publication we argued that psi effects will 
display a systematic interplay of effect and countereffect in the form of a 
dampened harmonic oscillation. We then applied this idea to the smokers’ 
data from Studies 1 and 2. To do this, we plotted the effect as a cumulative 
z-score and used a curve-fi tting algorithm, with the software Wolfram 
Mathematica Version 11.1 (https://www.wolfram.com/mathematica), 
estimating a dampened harmonic oscillation as an approximation of the 
raw data. Furthermore, an extrapolation of this function was then used to 
predict the future time course of a third set of data with that of prospectively 
collected micro-PK data (the study reported herein). For this purpose, the 
extrapolated continuation trend of our calculated curve should constitute a 
rough estimate for the development of the effect within this future dataset 
(see Figure 2).

From this curve extrapolation, a prediction for the next 200 participants 
can be derived: After a temporary local maximum (technically a local 
minimum, as the effect is negative), the effect will reappear, though with a 
lower effect size and then decline once more to a value similar or slightly 
more negative than the initial end-point value. The local maximum should 
appear around subject number 410–450 and should lie between a z-score 
of −2.5 and −3. We decided to look at several test statistics to test for the 
quality of our prediction among the experimental data compared with 
10,000 simulated datasets:
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1) The area between the experimental data curve and the prediction.
2) The Euclidian distance of the local maximum compared with that   

            of the prediction.
3) The Euclidian distance of the end point compared with that of the

            end point of the prediction.

Methods

This study was pre-registered at the Open Science Framework (OSF) 
(https://osf.io/ac839). It was conducted in accordance with the ethical 
requirements of the American Psychological Association (APA). All 
materials and procedural decisions were identical to those of Studies 1 and 
2 (Maier & Dechamps 2018).

Figure 2. Cumulative z-score of the smoker subsample (jagged curve, red line), 
fi tted dampened harmonic oscillation (DHO) (smooth curve, green 
line), and prediction (dotted curve) for the following 203 participants.
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Consent

All participation in this study was voluntary, and written consent was 
obtained from all participants prior to their involvement. Interested 
participants were given an individual explanation about the purpose of this 
study once they had completed their tasks. The procedure used in this study 
was approved by the ethical board of the Department of Psychology.

Participants

Participants were added until a total of 500 smokers had been reached, 
including all participants from Studies 1 and 2. This resulted in a total of 236 
tested participants for this study; of these participants, 203 were smokers 
and were included in this analysis accordingly (102 female, 101 male; 
mean age = 33.1 years, SD = 14.44). Participants were recruited via several 
means, including through the Department’s announcement board, handouts 
in psychology classes, Facebook university groups, and direct contact 
with the experimenters. Participants who were enrolled in the university’s 
psychology bachelor’s degree classes were able to acquire credits as part of 
their program. For this study, we explicitly recruited ‘smoking participants’.

Participants were asked to provide information about their smoking 
behavior. Only those participants who reported that they were a ‘regular 
cigarette smoker’ (at least 1 cigarette per day) were considered for inclusion 
in this study, mirroring those inclusion criteria applied for Studies 1 and 
2. Of the 33 excluded subjects, 3 claimed to be strict non-smokers, 23 
stated they were casual smokers, and 7 described themselves as smokers 
of other tobacco products (e.g., pipe). Additional questionnaires were the 
same as those used in Studies 1 and 2, namely the German version of the 
Fagerström Test for Nicotine Dependencies (FTND-G) (Schumann et al. 
2003), and a questionnaire assessing the subject’s attitude toward smoking. 
Here, participants were asked to respond to ten statements about smoking, 
indicating their level of agreement toward each one positively (e.g., “smoking 
is fun”) or negatively (e.g., “smokers smell bad”). The questionnaires were 
not part of our hypotheses and therefore were not considered further.

Materials

Software and Computers. The study was conducted using three mobile 
testing stations comprising a notebook, a tRNG, and the experimental 
software. All notebooks used for this study were prepared in an identical 
fashion. The experimental software was programmed in C#, and translated 
the tRNG output into a display of either a smoking-related (‘cigarette’) 
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picture, or a neutral picture (e.g., objects of daily use). The stimuli were 
presented in the center of the screen on a black background with a size 
of 500 × 400 pixels, corresponding to roughly one-quarter of the overall 
screen size.

Stimuli. All smoking-related pictures were taken out of the Geneva 
Smoking Photographs (GSP) set (Khazaal, Zullino, & Billieux 2012), 
a normative database providing 60 addiction-relevant photographs for 
nicotine and tobacco research. A set of 10 pictures was chosen from this 
database, providing variation in terms of product, smoking behavior, and 
tobacco-related cues (e.g., cigarette packs, ashtrays, smoking individuals, 
etc.).

All neutral pictures were taken from the International Affective Picture 
System (IAPS) (Lang, Bradley, & Cuthbert 1997), a dataset providing an 
experimental set of 1,169 digitized photographs rated on arousal and valence 
on a 9-point scale. A set of ten pictures displaying everyday objects and 
geometric forms was chosen from this dataset. These pictures were rated 
neutral (mean valence = 4.90, SD = 1.09), and unexciting (mean arousal = 
2.61; SD = 1.86).

Generation of quantum randomness. Randomness in the form of 
superposed quantum states was provided by a quantum random number 
generator (Quantis-v10.10.08) as developed by the company ID Quantique 
(http://www.idquantique.com/random-numbergeneration/quantis-random-
number-generator). This tRNG generates quantum states by emitting 
photons aimed at a semi-conductive, mirror-like prism, similar to the 
well-known double-slit experiment. Photons have an equal chance of 
being defl ected or passing through the prism to be registered by one of 
two sensors. Upon measurement, the photon’s superposition vanishes, and 
it is found on either route with a 50% probability. Depending on which 
sensor registers the photon, a “0” or “1” bit is created and passed to the 
computer via a USB interface. The Quantis tRNG has passed all serious 
tests of randomness (e.g., NIST SP800-22 Compliance) and is considered 
one of the most effective sources of randomness (Turiel 2007).

Experimenters

Informally trained research assistants were used as the experimenters for 
this study; their task was to fi nd 203 participants who were regular smokers. 
The experimenters only had rudimentary knowledge about the aim of the 
experiment and were blind toward the specifi c hypothesis at the point of 
data collection.
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Procedure

Participants were tested in different environments without distractions 
or other persons present. At the beginning of the experiment, written 
instructions were read to the participants:

Thank you for participating in this experiment! In the fi rst part of the study 
you will sit in front of the computer and look at pictures. I know that this 
can be very tiring, nevertheless I ask you not to get distracted and that you 
focus your attention on the computer for the whole period of this part of 
the study. It is absolutely necessary for this experiment that you look at the 
pictures! This will take approximately 10 minutes. Of course, you can quit 
the experiment at any time, should you feel uncomfortable.
 As soon as you have fi nished, a message will appear on the screen. 
Please let me know, so I can prepare the computer for the second part of 
the experiment, which will be a questionnaire. Filling it out will take about 
fi ve more minutes. All data will be collected anonymously.
 Do you have any questions?

After participants’ potential questions were answered, the experimenter 
opened the software and instructed participants to start with the presentation 
of the pictures when they felt ready. Subsequently, the experimenters sat 
aside and distracted themselves mentally to exclude possible interference 
with the experiment itself, only occasionally checking on the participants.

Participants attentively watched a series of 400 picture trials displaying 
either an addiction-related or a neutral stimulus on each trial, depending 
on the output of the tRNG. Stimuli were chosen by sampling without 
replacement during a ten-trial block. After every 10th trial, all pictures had 
the same probability of being chosen again. This process ensured that, over 
the course of the experiment, each stimulus had the same probability of 
being displayed and affecting a participant. Participants fi rst looked at a 
centered cue (700 msec), then at the addiction-related or neutral stimuli 
(400 msec), and fi nally at a black screen (400 msec). This process was 
repeated 400 times and took approximately 10 minutes (see Figure 3).

After the completion of the stimulus presentation, participants were 
asked to fi ll out the questionnaire using the computer’s web browser.

Derivation of the Prediction

Data from Studies 1 and 2 were transformed to cumulative z-scores in order 
to derive a prediction. First, standard deviation was calculated for each of 
the 298 data points:
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where t is the number of trials (t = 400), n is the number of subjects from 1 to 
298, and p is the probability of a hit for a single trial (p = 0.5). Subsequently, 
the difference between the cumulated number of hits (number of smoking-
related pictures) from the expected value for each data point was transformed 
in units of standard deviations:

 
 

The resulting dataset was then plotted and a nonlinear model fi t applied 
using the function of a general dampened harmonic oscillation:

The software used for the curve fi t (Wolfram Mathematica 11.1) required 
boundary values for the model fi t; hence, the following boundaries were 
given:

   −5  <  a  < 5
     0  <  b  < 0.01
     0  <  ω < 0.1
     0  <  φ  < 2π
   −5  <  m < 5
   −5  <  h  < 5
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Figure 3. Experimental procedure: Schematic fl ow chart for a single trial.
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Therefore, we used a damped harmonic oscillation of the following kind 
to produce the prediction for this study, from N = 298 to N = 500 (see also 
Figure 2).

y(n) = 1.53484 e−0.0031827 n cos(0.0191355 n + 6.00159) 
+ 0.00193225 n – 3.02286

This predictive function was described in the pre-registration stage, as well 
as in the original Maier and Dechamps (2018:288) article. 

Data Analysis

To determine whether the experimental data of this study fi ts the prediction, 
we decided to look at three key characteristics. Firstly, if the courses of 
the empirical and the prediction curves are similar, the area between them 
should be minimal. We therefore decided to calculate the area under the 
curve (AUC) of both the experimental data and the prediction before using 
their difference as the fi rst test statistic.

Secondly, harmonic oscillations are generally characterized by a 
systematic upward and downward movement with local minimum and 
maximum points. Our prediction shows such a local maximum (a maximum 
for negative effect, so technically a minimum) at N = 429 and predicts a 
z-score of z = −2.70. We then used the Euclidean distance of the local 
maximums of the experimental data and the prediction as the second test 
statistic.

After it had been ensured that none of the fi tted parameters were near a 
constraint boundary, the goodness of the fi t was evaluated by a variance 
estimation using the mean squared error. It was ensured that no other 
relevant combination of constraint boundaries would produce a lower 
variance estimation than the attained variance of Var = 0.065, and, therefore, 
a better fi t to the experimental data. The fi nal model produced the following 
estimates:

Estimate Standard Error Confidence Interval

α 1.53484 0.0472682 {1.44197,1.62771}

β 0.0031827 0.000182361 {0.0028244,0.00354099}

ω 0.0191355 0.000296296 {0.0185534,0.0197177}

φ 6.00159 0.0599918 {5.88372,6.11946}

m 0.00193325 0.00014269  {0.0016529,0.00221361}

h −3.02286 0.0423804 {−3.10613,−2.93959}
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Thirdly, we decided to look at the last cumulated data point, since it 
contains the most precise information about the effect. To test how well 
our harmonic oscillation predicts the fi nal z-score, we decided to use the 
Euclidean distance of the end points of the experimental data and the 
prediction as a third test statistic.

Since no theoretically derived criteria were available that indicated at 
which respective scores these statistics could be defi ned as being statistically 
signifi cant, we decided to compare our results with those obtained from 
10,000 simulations. Simulation data were generated using the same tRNG 
device employed in the original study. For each simulation, 203 × 400 bits 
were generated and summed up in the same fashion as in the experimental 
dataset; this produced 10,000 instances of a purely random development of 
our data that we could compare with our actual experimental data.

Main Results

Of the 236 subjects, 203 self-identifi ed as regular smokers and were added 
to the overall analysis, which also included smokers’ data from Studies 1 
and 2. The total mean for cigarette pictures was M = 199.1 (SD = 10.11). 
This is slightly below chance value and, therefore, in the same hypothesized 
direction as in the fi rst two studies. A Bayesian analysis revealed a BF10 = 
0.40, which corresponds to anecdotal evidence toward the null hypothesis. 
Accordingly, in looking at this average score no substantial deviation from 
chance was found. It must be remembered that we did not hypothesize a 
consistent effect for the data in this study but rather a specifi c development 
of the effect curve.

The z-score plot of the experimental data started slightly above the 
prediction value, before rising toward zero until it reached a z-score of 
−1.58 at N = 380. Subsequently, the effect can be seen to increase once 
more, reaching a local maximum at N = 475 with a z-score of −2.60. Finally, 
the last data point at N = 500 equals z = −2.35, which is slightly more 
negative than at the beginning of Study 3 (z = −2.06; see Figure 4).

Area under curve. The area between the prediction and the 
experimental data curve was found to be 85.22. Of all 10,000 simulations, 
18.71% revealed a smaller area between them and the prediction (Mean 
AUC = 157.48, SD = 74.03). Figure 5 shows the distribution of AUCs.

Local maximum (turning point). The local maximum, or turning 
point, of the experimental data is equivalent to the highest absolute z-score; 
this was identifi ed at N = 475 whereby zmax = −2.60. To measure the distance 
to the predicted turning points, x- and y-coordinates were standardized to 
fi t in a 1 × 1 square, i.e. the lowest value was transformed so that it was 
equal to 0, and the highest so that it was equal to 1. This ensured that both 
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distances—value of the z-score and the subject number—were accounted 
for in equal parts. The transformed distance between the turning points of 
the experimental data and the prediction was dtrans = 0.23.

In sum, 19.42% of simulations showed a smaller distance for their 
turning points to the prediction (mean distancetrans = 0.44, SD = 0.19) (see 
Figure 6).

End point. The fi nal z-score of the experimental data lies at z = −2.35; 
this is 0.11 points above prediction. Of all simulations, only 5.28% showed 
a smaller distance to the prediction (mean distance = 0.90, SD = 0.62).

Discussion of the Main Analyses

The results of our confi rmatory analyses of Study 3—which combined data 
from Maier and Dechamps (2018) with the newly collected data described 
herein—revealed a mixed picture. For two of the three analyses applied, 
roughly 1/5 of all simulations showed a closer match to our prediction 

Figure 4. Results of Study 3 were transformed into cumulative z-scores 
and compared with the prediction, the extrapolation of the fi tted 
dampened harmonic oscillation (DHO).
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Figure 5. Distribution of the area under the curve between the simulations 
and the prediction. The shaded red area (gray in the print journal) 
indicates the proportion of simulations with a smaller area, i.e. a 
better fi t than the experimental data.

function than the actual experimental data. This includes the area between 
curves, as well as the occurrence of the local maximum or turning point.

Descriptively, it seems that the general trend—a temporary increase of 
the effect that declines toward the end of the study—is present in the data. 
As can be seen in the median simulation in Figure 7, a truly random dataset 
should move toward z = 0. In contrast, while the experimental data do indeed 
temporarily increase in effect, the highest effect is found 46 subjects later 
than predicted. The fi nal cumulative z-score, the end point of the curve, is 
met pretty well by the experimental data. Only 5.28% of all simulations lie 
closer to the prediction, which correctly predicted a more extreme value 
than the initial z-score.

Even though the experimental data are closer to the prediction than 
most simulations, they do not stand out in a statistically signifi cant way. A 
closer look at the characteristic of the prediction increases the plausibility 
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of this fi nding. Although the prediction shows a subtle oscillating pattern, 
the development is not notably protuberant, meaning that it may not be 
suffi ciently distinctive to be able to reliably distinguish between random 
and non-random data. Therefore, it remains inconclusive as to whether 
the temporal development of a micro-PK effect follows the pattern of a 
dampened harmonic oscillation closely enough to derive a prediction about 
its future progress.

Exploratory Results

Since the pre-registered confi rmatory analyses of Study set 3 yielded 
no defi nite results, we decided to further explore the unambiguously 
extraordinary effect development of the smoker subsample over the course 

Figure 6. Overview of the turning points (local maxima) of all simulations 
(top rhomb is green and rhomb to the left is green; bottom rhomb is 
red and rhomb to the right is red). Red dots (brighter dots between 
375 and 475) indicate simulations with a turning point closer to the 
prediction than to the experimental data.
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of all 500 participants. Arguably, the best indicator of evidence of an effect 
at any moment is the BF. This test statistic can be used sequentially and 
gives a precise estimate of the probabilities of two competing hypotheses 
at every data point. The BF is consistent, meaning that it will give a more 
precise answer the more data it considers, even if the null hypothesis is true 
(Rouder et al. 2009). 

For this reason, we decided to take a closer look at the temporal change 
of the BFs of both subsamples (smokers and non-smokers) before comparing 

Figure 7.  Overview of all confi rmatory analyses conducted for Study 3. Here, 
the gray lines represent random simulations; their median is the 
center, gray, long-dashed line, while the outer, gray, short-dashed 
lines represent the borders in which 95% of all simulations lie. The red 
line (top curve) represents smokers’ experimental data, and the green 
line (bottom smoother curve) the prediction. The red shaded area 
(darker gray shading) visualizes the area under the curve between 
the experimental data and the prediction. The rhomb represents the 
turning point and the triangle the end point for both the experimental 
data and the predictions.
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them to another set of simulations. These simulations were generated in the 
same way as before, though on this occasion contained 200,000 bits for a 
total of 500 data points (400 trials × 500 subjects per simulation). Again, 
we generated 10,000 simulations using the tRNG device, summed up the 
bits, and calculated two-sided sequential Bayesian t-tests with a prior of δ ~ 
Cauchy (0, 0.5) (see Figure 8) (Table 2).

Highest BF reached. As can be seen in Figure 8, the smoker subsample 
(BF10 = 421.22 at N = 134) peak is remarkable. Only 0.21% of all simulations 
showed a higher BF at any point. This is in stark contrast to the non-smoker 
subsample, which resembles a nearly perfect null curve and at no point rises 
above a value of 1 in the H1 direction (as do 40.56% of all simulations).

BF Energy. The overall orientation of the curve is also of interest, 
much like the highest peak. The overall area between the baseline at BF = 
1 and the empirical sequential BF curve above and below that line, where 
deviations above BF = 1 receive a positive sign and below a negative sign, 
can be described as its energy (see Figure 9). For the smoker subsample, 
this area was: AUCSmokers = 7981.73, this is surpassed by only 0.15% of 
all simulations (mean AUC = −291.96, SD = 1485.19). Non-smokers 
show an Energy of AUCNonsmokers = −323.35, which is surpassed by 95.95% 
of simulations cut after the non-smoker N of 385 (mean AUC for these 
simulations is −208.28, SD = 1375.05).

Frequency Spectrum analysis. The Energy of the curve does not 
account for periodicity as a characteristic, however. As this is the core idea 
of the Maier, Dechamps, and Pfl itsch (2018) revision of the MPI, which 
postulates systematic variations of micro-PK effects over time, we then 
applied an analysis of periodicity to our dataset. One such way to gain a 
deeper understanding of the oscillative nature of our empirical BF curve 

TABLE 2
Results of Confirmatory Analyses of Study 3 

 in Comparison with 10,000 Random Simulations

Result % of Simulations with a Better Result

Area under 
curve 85.22 18.71

Turning Point 0.23 19.42

End Point 0.11 5.28
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is by applying a Fourier transformation. This analysis converts a time-
dependent function to a representation of its composited frequencies and can 
be understood as a harmonic analysis of the input. The resulting curve—
the Fourier transform—shows the amplitude of all frequencies comprising 
the original input sequence (Penrose 2017). Accordingly, high amplitudes 
indicate the presence of pronounced periodic elements within the original 
curve.

A fast Fourier transformation (FFT) was conducted on the sequential 
Bayesian analysis of both subsamples, as well as on all 10,000 simulations. 
Simulations that were used for the comparison of the non-smoker subsample 
to the smoker subsample were cut after N = 385 data points. Sampling rate 
was 1/N in each case. The transform shows the amplitude at every point 
of the sampling rate. As it is symmetric, only the fi rst half of the transform 
is considered. Remarkably, the spectrum analyses of the subsamples differ 

Figure 8. Sequential Bayesian analyses of both subsamples (Studies 1–3) in 
comparison with 10,000 simulations comprising random data (muted 
gray lines). Overall, 95% of simulations are located in the yellow area 
(the slighter lighter gray shading roughly under 1); the median of the 
simulations is represented by the single bottom gray curve line (near 
the bottom).
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tremendously: The smoker subsample shows a very high amplitude at almost 
every frequency (see Figure 10a for the fi rst 50 frequencies); comparatively, 
the non-smoker subsample shows very small amplitudes (Figure 10b). 
Compared to the simulation data, 245 of 250 frequencies (98%) of the 
transform of the smokers’ data have a higher amplitude than 99% of all 
simulations, while all frequencies (100%) have higher amplitudes than 95% 
of simulations. Comparatively, none of the frequencies of the non-smoker 
subsample show an amplitude in the top 5% of simulations.

Discussion of Exploratory Results

All exploratory analyses revealed very promising results in their ability 
to distinguish between the smoker and non-smoker subsamples and 
simulations. The latter illustrated that the occurrence of a BF10 of 421.22 
over the course of the data collection stage is quite exceptional; indeed, it 
can only be expected with a probability of about 0.21% using truly random 

Figure 9. Representation of the curve’s Energy. Parts below BF = 1 (red [lighter 
gray shading]; direction toward H

0
) are subtracted from parts above 1 

(green [darker gray shading]; direction toward H
1
).
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data. The BF is designed so that it yields more precise information as more 
data are added. This strategy reaches a limit, though, when the tested effect 
is not consistent in its strength but volatile, as might be the case with psi 
effects. 

Considering this, it might be fruitful not only to consider a single BF, 
but also to closely examine its development. The difference of the sums 
of all BFs going in the direction of either hypothesis may also provide 
valuable information; this is calculated by subtracting the correspondent 
areas from one another, and can be described as the curve’s energy. The 

Figure 10. FFT of Bayesian sequential analyses of the smoker subsample (red 
[dark curve on the top graph a]) and 10,000 simulations, and the 
non-smoker subsample (blue [dark line on the bottom graph b]) and 
10,000 simulations. The orange (95%) and yellow (99%) areas (near 
the axes) represent the simulations’ empirical confi dence bands 
(darker and lighter shadings near the bottom of the graphs).
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energy of the sequential Bayesian analysis of the smokers’ data is even 
more unusual than its highest BF and is surpassed by only 0.15% of all 
simulations. Conversely, non-smokers’ energy resides in the bottom 5% 
of simulations. This BF curve is, therefore, oriented remarkably strongly 
toward the direction of the null hypothesis. The data seems to be ‘more 
random’ than most random datasets.

Finally, from our perspective, it is important to account for the 
possibility of an oscillating nature regarding psi effects. Effects like micro-
PK might be possible in general; however, they are likely being counteracted 
by an opposing force at some point. This interplay should present itself as 
a periodic pattern of the effect (Maier, Dechamps, & Pfl itsch 2018). As a 
Fourier transformation is able to extract the harmonic structure of an input 
signal, it might therefore be suitable as an instrument to reveal such non-
random oscillating patterns. A remarkable difference can be noticed when 
this is applied to the sequential Bayesian analyses of both subsamples 
and their corresponding simulations; the amplitudes of the frequencies—
meaning their signifi cance in comprising the input signal—show a much 
higher value in the smoker subsample. When compared with 10,000 
simulations, this transform features amplitudes in the top 1% in nearly 
every frequency. This means that it is highly unlikely to be obtained from a 
truly random BF development.2 Comparatively, the non-smoker transform 
on the other hand shows a pattern similar to a typical null-effect simulation, 
and does not stand out in any way.

General Discussion

A certain degree of experimental evidence for psi effects is unquestionable 
(Cardeña 2018). Nevertheless, successful replications of psi effects, such 
as micro-PK effects, are scarce, which is demonstrated exemplarily in the 
fi rst two studies of this experiment (Maier & Dechamps 2018). It seems 
that these effects evade classical detection through replication. Different 
ideas about the elusive nature of psi have emerged, one example of which 
is the No-Transmission Axiom of the Model of Pragmatic Information (von 
Lucadou, Römer, & Walach 2007). The authors of this model conclude 
that psi effects in general cannot be tested with specifi c predictable outputs 
and are, therefore, not accessible to reproducibility-oriented research (von 
Lucadou 2006).

A more tangible equivalent to these considerations is grounded in the 
quantum nature with which psi effects are usually brought into connection. 
A systematic deviation from quantum randomness violates the No-
Communication theorem and the Second Law of Thermodynamics because 
information is created from nothing and could be used to transmit signals. 
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This temporary decrease in entropy could lead to an onset of a counter-
mechanism whose task it is to restore randomness, dwindle the information 
away, and increase entropy. There is one critical difference from the MPI, 
however: We predict that the interplay between effect and countereffect leads 
to a systematic pattern in the development of the effect itself; in principle, 
this is something that can be predicted and tested (Maier, Dechamps, & 
Pfl itsch 2018, Maier & Dechamps 2018).

Our fi rst instinct was to assess the z-score as this embodies the 
standardized deviation from a given value: in this case, from chance. 
We hypothesized that effect and countereffect should balance in a form 
comparable to a dampened harmonic oscillation and applied a correspondent 
curve-fi tting algorithm to experimental data showing a rise and decline of 
micro-PK. In doing this we derived a prediction about the behavior of the 
cumulative z-score of future data. At this point, no defi nitive conclusion 
can be drawn regarding the goodness of the prediction. Experimental data 
of 203 further participants in the micro-PK study fi tted the prediction better 
than most simulations according to three different test statistics; however, 
they did not stand out in a signifi cant way. This is potentially attributable 
to the lack of distinctiveness, a characteristic that makes it easy for random 
data to match the prediction.

Subsequently, we aimed to fi nd other ways of assessing the development 
of the effect on a post hoc basis. We decided to favor the sequential Bayesian 
analysis to the cumulative z-score because the former represents more 
sophisticated information regarding the state of effect at every point of the 
experiment. We felt that the evidence toward one of two hypotheses better 
matches the knowledgeable information of the presence of an effect, which 
should comprise the basis for the interplay with the entropic countereffect. 
This development went hand in hand with new methodological possibilities 
that arose during the course of the experiment, specifi cally the extraction of 
individual BFs and the execution of FFTs.

Analyzing the development of the BF has proven to be a very promising 
approach using the data from this series of experiments. The maximum 
BF expresses the climax of the initially present micro-PK effect, whereas 
the curve’s energy gives an indication of the overall distribution of the 
BFs with regard to the competing hypotheses. Both these methods could 
reliably distinguish between an experimental sample and a control group 
or simulated data at a 1% level. In particular, we would like to emphasize 
the method of a Fourier transformation of the sequential Bayesian analysis. 
This approach assesses the existence of a periodicity in the data, which is 
the fundamental idea behind an interplay of effect and countereffect. The 
transform of the experimental sample showed a behavior that fully supports 



432                                                                              M o r i t z  C .  D e c h a m p s  a n d  M a r k u s  A .  M a i e r       

this claim. The remarkably high amplitudes seen for nearly every frequency 
suggest the presence of a strong oscillative element only in the dataset where 
micro-PK is expected. The transform stands out from both the control group 
and random simulations. Meanwhile, all three methods have been applied 
to a different high-power and within-subject, micro-PK study; once again, 
they show very promising results (Dechamps & Maier 2019).

Psi effects such as micro-PK repeatedly present us with scientifi c 
challenges. This circumstance has led some people to conclude that the 
classical epistemological standpoint—which demands the replication of 
results to establish a proof—is not applicable within such a context. While 
we agree that current standard methods might not be suitable when securing 
comprehensive evidence for volatile effects, such as psi, we propose a way 
out without giving up testability and predictability. The goal, therefore, 
must be to move away from only considering end results and toward a 
closer investigation of temporary change and the development of psi effects 
themselves.

Notes

1  Study preregistration is available at https://osf.io/wn5b7 
2 A Bayesian binomial test revealed an ‘infi nitely high’ BF toward the 

hypothesis, indicating that the proportion of top 1% frequencies is far 
higher than the 1% chance base rate.
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