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1. Introduction

1.1. Mind and matter

At its core, this dissertation revolves around the relationship between mind and matter.
As will become clear, this must mean it is about consciousness and quantum mechanics as well,
two scientific topics that are notoriously difficult to describe. Mind and matter — the mental and
the physical aspects of our experience — and their relation are topics that have been discussed
heatedly for centuries and have given rise to numerous philosophical and scientific ideas.
Perhaps most familiar to our everyday experiences is the notion of mind and matter as two
distinct entities — the Cartesian dualism as famously propagated by René Descartes. This app-
roach introduces a fundamental split between all things physical and non-physical (Appleby,
2014). Still, the mental and the physical world seem to interact with one another; thoughts
become actions and experiences become impressions. Cartesian dualists would explain this
correlation through a bidirectional causational interaction (Briintrup, 1996). However, both
causal directions present us with great difficulties as regards content and logic. They are often
referred to as the hard problem of consciousness (“How can physical events elicit phenomenal
experiences?”; Chalmers, 1995) and the hard problem of free will (“How can phenomenal

experiences be translated into physical events?”; Shariff, Schooler & Vohs, 2008).

Solving these problems has proven to be at least enormously challenging and
subsequently other forms of thought have replaced Descartes’ notion. Besides other dualistic
approaches, most mainstream science nowadays seems to favor a materialistic and therefore
essentially monistic worldview (Atmanspacher, 2012). Physicalism states, that all aspects to
reality — this includes mental states — can be explained by specific physical configurations. This
includes the assumption that every conditional event has a physical cause, dubbed the causal
closure of the physical (Atmanspacher, 2014; Kelly, 2015). Regarding mind and brain, this
corresponds to the idea that conscious states can be represented one-to-one by matching neural
correlates. So far, this has proven to be untenable (Anderson, 2010), which means the causal
closure is far from realistic. Moreover, mental aspects here often are merely seen as a by-
product, an epiphenomenon, of brain states and their behavior, which still implies the hard

problem of free will: If the mind has no say at all, free will is just an illusion (see Kelly, 2015)

There are numerous reasons to be critical of a dogmatic physicalism and the therein-
assumed causal closure of the physical (for a more detailed reasoning see Atmanspacher, 2012,
2014; Kelly, 2015; Todd, 2017) and subsequently the search for the nature of mind-matter
correlations is shifting towards alternative approaches, the most prominent being ‘dual-aspect
theories’ (Atmanspacher, 2014). In dual-aspect monism, mind and matter are not considered
two separate entities, but rather distinctions of an unseparated underlying domain. The

transition from this common ground to specific mental and physical aspects is represented by
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an epistemic split, which can be understood as a prerequisite for conscious knowledge and
classical physical states respectively (Atmanspacher, 2014). Out of the various dual-aspect
theories, the ideas presented by Wolfgang Pauli and Carl Gustav Jung and renowned physicist

David Bohm seem to attract considerable interest.

The latter formulated his dual-aspect theory through the notions of the implicate and
the explicate order (Bohm, 2000). Only in the explicate order, the empirically accessible side of
reality, a distinction between mind and matter is made. This order emerges by an unfoldment
of the undivided psychophysical implicate order, which cannot be experienced directly. Mind
and matter are correlated as a consequence of their joint origin (Bohm, 1990; see also
Pylkkdnen, 2007). Similarly, Pauli and Jung assumed a basic universal and unfragmented
reality, the unus mundus, out of which mental and material aspects are generated by
decomposition (Atmanspacher, 2014). Analogous to the implicate order, the unus mundus
itself is not empirically accessible. It can be approximated though from the mental side through
the (collective) unconscious and from the physical side through the world’s quantum nature.
The transition to conscious knowledge on the one hand and classical physical states on the other
is characterized by the epistemic split. In physical terms, this critical moment is described as
‘measurement’. Pauli and Jung assume that this moment plays the central role in the mental
aspect of the transition as well, therefore acting not only as a link between the local and concrete
physical states and their holistic quantum counterpart, but also between moments of conscious
realizations and the holistic unconscious content (Atmanspacher, 2012). In a way, the un-
conscious is the unmeasured and therefore superposed state vector of all possible conscious

processes.

Furthermore, in this view, correlations between mind and matter are not grounded in
direct causal interactions, but are moderated through their common psychophysical domain.
Interestingly, the authors propose not only this self-evident, persistent and consequently
reproducible unidirectional correlation as consequence of the same origin (structural
correlation). Even more so, they argue that the interaction between the unus mundus and their
two realizations can also be bidirectional. Every physical measurement changes the original
system and in the same way, conscious realizations change the underlying unconscious. These
induced correlations pave the way for an indirect but directional influence of mental aspects on
the physical reality (and vice versa) moderated by changes of the unus mundus. This
consequently enables deviations from rules like statistical baselines (Fach, 2014). For this
connection to manifest, meaning is critically important, as Pauli wrote in a letter in 1952:
“Wanted: a type of natural law consisting of a ‘correction of chance fluctuations by meaningful
or purposeful coincidences of non-causally connected events™ (Pauli, 1996, pp. 634-635). Jung

and Pauli called these meaningfully but not directly causally related correlations synchronistic
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events and considered them to be an extremely rare special case of mind-matter interactions

that are evasive and not easily (if all) reproducible (Atmanspacher, 2012).

Some of the core principles of the unus mundus theory have been later developed to a
systematic formalization in the Generalized Quantum Theory (GQT; Atmanspacher, Filk, &
Romer 2006, Atmanspacher, Romer, & Walach 2002, Filk & Romer 2011). Here, mind-matter
interactions are described as examples of nonlocal correlations between complimentary, i.e.
incompatible, global and local subsystems connected by a strong common systemic boundary
(Walach, von Lucadou, & Romer, 2014). Similar to Pauli and Jungs’ concept this boundary is
described through a common meaning, which, in an extension to the theory, is operationalized
through so-called pragmatic information (Lucadou 2015; see also von Weizsicker, 1974). The
theory recognizes the similarities between synchronistic correlations and entanglement
correlations in quantum systems and aims to apply quantum concepts like complementarity or
entanglement to systems going beyond a typical quantum one, such as conscious individuals,
or even the unus mundus as a whole (von Lucadou, Romer, & Walach, 2007). Indeed, most
dual-aspect approaches seem to be connected to ideas that arose during the development of

quantum theory in one way or another (Atmanspacher, 2012).

1.2. Quantum mechanics and consciousness

To begin with, the idea of mind and matter as dual aspects of one underlying domain
and the moment of measurement as the critical epistemic split that separates them resonates
astoundingly well with findings from quantum mechanics and consciousness research.
Measurement is indeed one of — if not the greatest mystery of quantum mechanics; it describes
the moment of the reduction of the superposed quantum state to a single, classically describable
state, a process that is curiously not predicted by quantum theory and therefore an additional
postulate (Greenstein & Zajonc, 1997). The central aspects of the quantum mechanical
measurement process can be described mathematically. They include the propagation of the
wave function over time (the Schrédinger equation), the probability distribution of all quantum
states being measured (the Born rule) and the independence of local hidden variables (Bell’s
theorem). Nonetheless, there is vast disagreement on the meaning of these rules. Consequently,
numerous interpretations have emerged over the last 100 years (for a detailed discussion see
Wheeler & Zurek, 2014). Firstly, they disagree on the fate of those quantum states that do not
become measured reality. Collapse theories like the Copenhagen Interpretation propose that
the wavefunction containing the superposed states is collapsing into a single state when coming
in contact with a measurement device. All other possibilities never truly were, or are, ‘real’.
Conversely, no-collapse theories like Everett's Many World interpretation assume that all
quantum states become actually realized states. Each measurement creates divided but
superposed ‘worlds’, each containing one of the possibilities, rendering it impossible for the

observer to experience effects outside of their world. David Bohm once described the quantum
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state as a “set of potentialities”; this phrasing illustrates that measurement in a quantum sense
can be understood not so much as being about finding out about reality, but more about

creating it to begin with (Greenstein, & Zajonc, 1997).

Not only is there disagreement regarding the fate of non-measured quantum states, it is
also unclear what exactly constitutes a measurement and at what moment during the measure-
ment chain the state reduction actually happens. This discussion, held under the name
Heisenberg cut, essentially boils down to the question: Is there a natural limit of quantum
systems’ entanglement with their surroundings (‘decoherence’) or is an agent outside this
cascade needed? Proponents of the latter view conscious observation — a mental, not a physical
act — as the obvious candidate, since the measurement process logically culminates when the
knowledge of the result is registered in the observer’s mind (e.g. von Neumann, 1932, London
& Bauer, 1939; Wigner, 1963). Some researchers go even beyond that and propose that
consciousness relies necessarily on quantum effects or is a direct effect thereof (Mensky, 2013;
Penrose & Hameroff, 2011; Stapp, 2017; see also ‘quantum mind theories’ in Atmanspacher,
2015). Attaching great importance to a conscious observer often makes physicists uneasy
though, because this process cannot be described by the Schrédinger equation and eludes a
purely physicalist worldview. Whereas dual-aspect theories assume the emergence of conscious
moments to be synchronous to quantum mechanic’s state reduction, these theories attribute a
much more active role to consciousness: Measurement is defined as conscious processing of a
quantum state, or is even seen as the cause for consciousness to emerge altogether. Nevertheless,

all these views are providing a natural connection between the mental and the material.

Finally, there is also debate concerning the role of the measuring device or subject in
constructing the classical outcome. Whereas orthodox interpretations like the Copenhagen
Interpretation rely on a measurement device, that somehow stands outside of the measured
system and is not entangled with it, some interpretations include the apparatus into the
measurement. The Transactional Interpretation (TI) by Cramer (1986) for example views the
measurement process as a ‘handshake’ of two sub processes; an emitter — the source of the
quantum system - is sending a retarded offer wave forward in time. This wave prompts a
confirming response from an absorber, the measurement device, traveling back in time
(Kastner, 2015). The idea of retroactive waves (‘advanced waves’) was already established in the
Wheeler-Feynman absorber theory (Wheeler & Feynman, 1945) and gave rise to explaining
quantum theory’s nonlocal causality through retrocausal mechanisms (Lear, 2019). It can
actually be derived pretty straightforwardly from the mathematics behind the Born Rule, which
states that the probabilities of quantum states being measured can be calculated by squaring the
amplitudes of the wavefunction (Born, 1926), but fails to deliver an explanation for this fact.
The TI postulates that the Born Rule does not represent a squaring of the amplitudes but a

multiplication of the offer and confirmation waves respectively, resulting in a handshake and
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actualization of the corresponding quantum state (Kastner, 2015). The actual outcome
therefore is a literal product of the quantum state on the one side and the absorber, that is the
measuring entity, on the other. QBism (short for Quantum Bayesianism) is another approach
to the measurement problem that emphasizes the importance of the measuring agent.
Proponents of this theory hold a Bayesian view of probabilities. They argue that probability is
not a physical property but is always dependent on an agent’s assignment and should
consequently instead be interpreted as a personal degree of belief. With each measurement, the
prior belief resulting from previous experience is updated accordingly (Fuchs, 2014; Fuchs,
Mermin, & Schack, 2014). Since quantum states can be translated directly into probabilities via
the Born Rule, the same should apply to them. A quantum measurement therefore is seen as a
subjective process in which a personal degree of belief by the measuring observer is stated
(Fuchs, & Schack, 2014).

In summary, quantum properties like superposition and entanglement persist until the
quantum state is reduced to a classical one in an action called measurement. Measurement is
often regarded as a chain of entanglement events leading to an ever more complex system. This
infinite regress finds an end only with an individual’s conscious observation, which is
consequently seen as the decisive factor in some interpretations of quantum mechanics. Since
the results of the measurement process can be interpreted as a product of both the initial
quantum state and the measurement subject, (pre-)conscious mental content of the observer
may play a role in the actualization process (see e.g. Pradhan, 2012). The importance of the
observer is recognized in quantum mechanical interpretations like the TT or QBism and even
though these interpretations traditionally do not allow for an influence mechanism, a biasing
of the probability distribution of the state vector could be a consequence thereof. This reality-
shaping mechanism could represent an information flow from observer to observed system,
which constitutes a prerequisite for induced correlations and an essential element of
psychophysical theories (Stapp, 2015; Walker, 2000).

1.3. Micro-psychokinesis and reproducibility of psi

As outlined earlier, in a dual-aspect framework the measurement’s outcome must be
meaningfully connected to the observer for this interaction to manifest (Fach, 2014). That
means it must address implicit core ideas important to the observer. Since this is usually not the
case with ordinary quantum experiments, in general quantum mechanics’ predictions like the
Born rule and Bell's theorem hold true and the randomness postulate of quantum
indeterminacy prevails. If meaning is involved however, non-local correlations of observer
states with quantum states could arise and lead to deviations from the mathematically derived
predictions. These kind of correlations can serve as a basis to explain so-called psi phenomena,
which include seemingly inexplicable phenomena, like precognition and micro-psychokinesis

(micro-PK), a psychogenic anomalous perturbation on random events (Cardeiia, 2018). Even
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though an overall meta-analytical micro-PK effect on quantum random number generators can
be found in the literature (Bosch, Steinkamp, & Boller, 2006), the included studies usually
focused more on intentional, deliberate effects than on implicit beliefs on the one hand and
often showed a surprising lack of direct replications of high-powered studies on the other (e.g.
Jahn et al., 2000). The latter can be seen as a form of a more general phenomenon that is a
decline of initially present effects. Declining effects are prominent in psi literature (and in other
research fields as well) and have been noticed on an individual subject level, but also on a more
global between subjects level and even across multiple studies (Bierman, 2001; Varvoglis &
Bancel, 2015) and the meta-analysis as a whole (Walach, von Lucadou, Rémer, 2014). Especially
the more global decline effects challenge researchers, since they can hardly be explained through
psychological phenomena, like tiredness or boredom. Declines in direct replications speak
against varying study quality as a cause. Instead, often times it is argued that the non-local
correlations responsible for the effect must in principle be unreplicable. A consistent and
replicable effect could in theory be used as a mean to transfer signals non-locally, a process that
quantum mechanics’ no-signal theorem forbids. This postulate is described in a similar form,
as Non-Transmission Axiom (NT Axiom; von Lucadou, Romer, & Walach, 2007), in the GQT
(and in an extension of the theory, the Model of Pragmatic Information MPI; von Lucadou,
2015) where it serves as an explanation for declining psi effects. Identical replicability of
generalized non-local effects (e.g. between mind and matter) is ruled out in this view, since these
too could be used to transfer a signal (Walach, von Lucadou, & Romer, 2014). The underlying
mechanism is based on a change of the systems pragmatic information, which is composed of
the products of its novelty and confirmation and its autonomy and reliability. A confirming
behavior is not expected from novel systems’ states. This would consequently predict only
elusive psi effects, which can neither be predicted nor replicated and therefore elude any
experimental verifiability. Pauli and Jung argue in a similar fashion and postulate that induced
correlations and synchronistic events must only occur unsystematically, since they depend on
meaning and therefore highly subjective context such as the personal situation or environment
(Atmanspacher, 2012).

Does this mean that micro-PK studies as means to research mind-matter interactions
are doomed to fail? In paper 2 and especially in paper 3, we argue that the occurrence of an
effect, which does not occur consistently but is met with a decline or even randomness restoring
counter-effect should nonetheless produce a somewhat different pattern than a completely
random null effect. This behavior prevails the no-signal theorem on a global scale since it
predicts a decline leading to an eventually random result, but still enables a scientific testability.
We argue that the interplay of effect and decline should lead to systematic time-dependent
fluctuations, which can be assessed with appropriate methods. It therefore constitutes a shift
towards a more process-oriented and temporal line of research, instead of the often tried but

rarely successful focus on replicability of end results.
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This thesis contains empirical studies that aim to investigate these facets of research
regarding mind-matter interactions. This includes testing the plausibility of a directed influence
on random systems with high-powered micro-PK study designs. We designed experiments
containing randomly generated meaningful outcomes that should be able to address implicit
core ideas of the observing participants. These comprised generally positive and negative states,
i.e. pleasant or unpleasant pictures and sounds (paper 2) and the subconscious need for
addiction-relevant stimuli within smokers in comparison to non-smokers (papers 1 and 3). We
decided to address the replicability problematic of the research field as well; hence, the second
part of this research is focusing on the reasons for a decline of initial effects and whether non-
random behavior still can be measured. For that reason, especially in paper 3, we will not
analyze an effect in terms of an anomalous end result, but will consider the temporal change of
the effect as main hypothesis. To do so, different methods revolving around the change of

evidence towards a micro-PK effect over the course of multiple studies will be assessed.
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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,
Rémer, & 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 H,. 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 H,
(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.

Keywords: micro-psychokinesis—observation—quantum measurement—
mind-matter
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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, Schrodinger, 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 Schrodinger equation (Schrodinger 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, Romer, and Walach (2002), for instance,
developed the Generalized Quantum Theory (GQT) (see also Atmanspacher
& Filk 2012, Filk & Romer 2011, Romer 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 & Romer 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