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Abstract

In order to orient ourselves in the environment our senses have evolved so as to acquire optimal
information. The optimization, however, incurs mistakes. To avoid costly ones, the over-
perception of patterns (in humans) augments the decision making. I tested the decision-making in
two modalities, acoustic and visual. A set of stimuli (using computer-generated graphics, based on
output from a very good pseudo random generator) was produced: masks with a random pattern
with varying degree of transparency over geometrical figures were used, followed by similar task
that involved black and white high-contrast patterns. In both cases, I was able to find, using a
Bayesian statistical approach, that the ability to detect the correct pattern presence (or lack
thereof) was related to respondents’ thinking styles, specifically Rationality and Intuition.
Furthermore, I used ambiguous facial expressions, and accompanying vocalizations, of high-
intensity affects (pain, pleasure and fear) and low-intensity (neutral and smile/laughter). My
findings evidenced that the high-intensity facial expressions and vocalizations were rated with a
low probability of correct response. Differences in the consistency of the ratings were detected
and also the range of probabilities of being due to chance (guessing). When arousal was
manipulated in the respondents by using the harmless, but reliable, method Cold Pressor Task, the
ratings of unimodal stimuli shifted towards higher accuracy for facial expressions of pleasure and
laugh, and decreased in accuracy for vocalizations of laughter and neutral speech; all only for
male stimuli. When the two modalities are presented simultaneously and in congruence, the
probability of correct ratings did not increase for high-intensity displays but the due-to-chance
calculations showed that none of the displays were rated due to chance except for the intersexual
assessment of pleasure. In other words, when responding to the other-sex stimulus of pleasure, the
valence is guessed by the respondent. In the incongruent conditions (for which no correct rating
can exist), I found that most of the decisions are based on the auditory modality, the visual one
being suppressed. The one exception was the facial expression of pleasure combined with neutral

speech; it resulted in cross-talk — namely, a doubly incorrect rating.



Abstrakt

Nase smysly se vyvinuly tak, abychom z okolniho prostiedi ziskdvat optimalni mnozstvi
informaci. Tato optimalizace ovS§em znamena, ze je tieba pocitat s chybami. Proto, abychom
predesli tém s vyznamnym dopadem, vyvinula se u ¢lovéka tendence k nadhodnocovani vyznamu
vzajemnych souvislosti (i ve smyslu vnimani vzorti a posloupnosti). Ve své préci jsem testovala
schopnost vyhodnocovani vizualnich a akustickych stimulll. Za pouziti pocitacové grafiky byl
vyvinut soubor testovacich stimuld, kde bylo rozloZeni prvki urceno sofistikovanym generatorem
pseudo-nahodnych cisel. Tyto vysledné masky s riznou mirou prihlednosti byly uzity k piekryti
geometrickych tvart. Podobného postupu bylo uzito k vytvoieni ¢ernobilych stimulii s vysokym
kontrastem. Za pouziti metod bayesovské statistiky jsem nalezla vzajemnou provazanost
schopnosti urcit pritomnost vzoru (a jeji absenci) a stylu mysleni, specificky racionéalniho a na
intuici zalozeného. Dale jsem pak pouzila nejednoznacné vyrazy tvare a vokalizace vysoce
intenzivnich afektivnich stavii (bolest a slast) a stavii nizk¢é intenzity (neutralni vyraz/promluva,
usmév/smich). Vysledkem je zjisténi, Ze vysokad intenzita projevu je spojena s nizkou schopnosti
respondentl spravné vyhodnotit valenci vizudlnich i akustickych stimulti. Diky pouzitému
statistickému pfiistupu jsem mohla také vyhodnotit, zda je vysledek konzistentni a zda je
dasledkem hadani. VSechny vizualni stimuly byly vyhodnoceny formou hadani, naopak akustické
stimuly nejsou vyhodnoceny hadanim. Po uziti manipulace zvySujici vzruSeni hodnotiteld, §lo o
bezpecnou, ale spolehlivou metodu (Cold Pressor Task), pravdépodobnost spravného hodnoceni
stimulti se zvysila v ptipadé hodnoceni vyrazii obliceji slasti a ismévu muzi. Naopak ke zhorseni
pravdépodobnosti spravného urceni valence doslo v ptipadé smichu a neutralni promluvy — opét
pfi hodnoceni muzii jako stimulii. Pokud jsou prezentovany souhlasné stimuly kombinujici
vizualni a akustickou slozku, nedojde ke zptesnéni urceni valence v ptipad¢ stimulii spojenych

s vysokou intenzitou. Zadné hodnoceni neni hadanim s vyjimkou slasti a to vzdy opaénym
pohlavim (muzi hadaji u zen a naopak). Pii prezentaci nesouhlasnych vizudlnich a akustickych
stimulli, kdy nemuze byt hodnoceni spravné, je vizualni modalita potlacena akustickou. Jedinou
vyjimkou je kombinace vyrazu slasti v obli¢eji a neutralni promluvy. Tento stimul je hodnocen

jako negativni (tedy nespravné pro kazdou z modalit).
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Chapter 1: Overview

The study of perception and signal processing in biology has always benefited from an
interdisciplinary approach. The sensory perception of the organism is clearly adapted to its
environment in order to gain relevant information to survive, to reproduce while the
cost/benefit ratio is constantly being taken into account. One limiting factor of the information
retrieved from the environment is the metabolic cost during information decoding (by the
sensory organs) but also during its cognitive elaboration in the brain. At the same time, the
success of the actions of the organisms strongly depends on the accuracy of their perception.
Nonetheless, in the process of perception flaws occur, and the percept is not always in
agreement with the stimulus that elicits it. For this reason, both the condition of uncertainty
and the existence of ambiguous stimuli are particularly interesting fields of study: situations
that force the individual to make a decision that is based on the cost of possible mistakes
(false positive and false negative errors), and heuristics (long- and short-term experience,
innate mechanisms, learned aversions, etc.).

Error Management Theory describes the implications of costly decisions and the reasons
for over-perception of patterns as a safety-mechanism, albeit in a runaway manner. How
much information and how many cues are sufficient to assess the stimulus correctly, and what
constitutes a strong enough signal are interesting questions to pose.

Numerous insights from fields like physics and mathematics, but also psychology and
neuroscience have helped in the development of new theoretical and methodological
frameworks for the study of perception. The recent advances in technology and computational
power can and does bring this interdisciplinary endeavor even further. Specifically, by using
audiovisual media, computer-generated graphics, Bayesian statistical procedures (not so novel
in some fields), and Artificial Neural Networks, we could devise novel testing procedures
using ambiguous stimuli where we could rely on objective measures of control before the
research was begun.

By definition, ambiguous stimuli do not have a unique interpretation and so the cues
present in these stimuli can lead to different percepts. Therefore, in the pre-testing phase, it is
not only impossible but also counterproductive to reach any version of an agreement (one of
which is the procedure used by researchers to ensure low interrater variability) about such
stimuli among human raters whether these are experts or naive.

To test the perception of visual patterns, we created a set of stimuli in which we could
control the randomness or non-randomness of each of the stimuli. The use of a state-of-the-art
pseudo-random number generator (which, at this level of practicality, is truly random) gave us

the possibility to statistically evaluate stimuli regarding the presence or absence of the
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randomness without the need for it to be evident to human rater and, to boot, to the
experimenter. For the first time, to our knowledge, we were able to create sets of stimuli to
study false positive errors in visual pattern detection (pareidolia) and false negative errors
(apoidolia).

One study involved stimuli sets in color, created with the use of a commercially
available, patented automaton. This automaton was able to generate a set of stimuli with a
gradient from random to non-random with varying difficulty for the non-random ones. This
was achieved by manipulating the transparency of the random mask with a pattern
underneath; the latter consisting of uniformly colored geometrical shapes. By utilizing
Dirichlet distributions, we were able to identify differences between subjects who accurately
rated the randomness or non-randomness of the images and those who exhibited pareidolia
and apophenia. Additionally, we found that both of these perceptual errors are related to
thinking style, specifically the rational (analytical and logical operation) and experiential
(operating through automatic and associative learning) approaches to interpreting one’s
environment. We confirmed these results in a follow-up study where we used black and white
stimuli (to ensure that the contrast between the elements in the images was maximal). In fact,
cluster analysis shows that in each case of the tested thinking styles (subscales of Rationality
and Intuition), there are two statistically distinct clusters relating these thinking styles to the
proportion of correct identifications of the patterns and errors (either false positive or false
negative). We note that the relation is a nonlinear one and was detected by the autoencoder.

In a further study dealing with visually ambiguous stimuli, we tested the assessment of
human expressions of affective states with high or low intensity. Indeed, recent studies on
facial and vocal affective expressions showed that intense affective states (characterized by
high arousal) are ambiguous stimuli to human perceivers and are more difficult to correctly
assess in comparison with low-intensity expressions, an effect known as the paradox of
intensity. Furthermore, in the case of facial expressions pain and pleasure, even the use of the
muscula action units (FACS system) to describe the grimace is not sufficient to distinguish
between the two expressions. To assess the difference, we used an Al application with a
feature extraction algorithm resulting in identifiable differences between the two, confirming
that enough cues are present in the images of the faces to discriminate pain expressions from
pleasure expressions for the machine learning environment but insufficient for the human
perception, which, we conclude, could not catch such cues. Indeed, the results of subsequent
studies, involving human raters, showed that the ratings were not only inaccurate and
inconsistent; oftentimes the raters were simply guessing (evidenced by a novel statistical
method that can calculate the probability of guessing). Interestingly, when testing the

matching emotional vocalizations, we found that the vocalizations of high-intensity affective
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states were rated with a low accuracy but the results were not due to chance: this means that,
in contrast to the visual stimuli, the raters were convinced (not guessing) about their rating
even if they were incorrect — a truly remarkable discovery.

Furthermore, we tested whether the integration of this information (facial expressions
and vocalizations presented simultaneously) will increase the accuracy of the assessment of
the ambiguous stimulus when the two modalities carried information regarding the same
affective states (congruent condition) and, alternatively, if we observe possible cross-talk
when they are presented with different displays (incongruent condition). The redundancy of
information in the congruent condition did not decrease the perception ambiguity of the
highly intensive affective states: the raters did not succeed in distinguishing between pain and
pleasure (both were rated almost equally often positive and negative). However, we observed
a change in the probability of guessing by the raters: they were more confident in their
decision in the congruent condition than when rating only facial expressions but less confident
in comparison with the vocalization rating condition.

In the incongruent condition, surprisingly, we found evidence of sensory cross-talk in
only one case: when the visual stimulus depicted a neutral expression was paired with a
vocalization of pleasure. In this last case, neither of the modalities (visual or auditory) was
suppressed, but the two interfered with each other, resulting in an assessment that matched
neither of the modalities. Most often, however, we observed that the auditory modality
suppressed the visual one. This may be due to the fact that the ratings of the vocalizations
were not due to chance but the facial expressions were. Further research using a methodology
that prevents guessing (for example, by implementing an experimental set-up that rigorously
enforces The Lady Tasting Tea randomization) will be necessary to understand this
mechanism better.

Finally, we tested whether the inner state of the rater (specifically: arousal induction) has
an impact on the assessment of the stimuli, either facial expression or vocalization. To do so,
we used a safe but reliable procedure that increases the cortisol levels of the raters (called
Cold Pressure Task) in an experimental group. The procedure involves immersion of one
lower limb (crus) in the ice-cold water for ~90 seconds, leading to an increase in their arousal
while rating the stimuli. Surprisingly, we observed a more accurate assessment than in the
control group for facial expressions of laugh and pleasure, and a lower accuracy of assessment
for vocalizations of laughter and neutral was only on stimuli depicting a male expresser.

This thesis contains numerous innovations in stimuli creation with increased ecological
validity (1) pretesting the stimuli without using a control group, (2) rating procedures, (3)
reduction of the possibility of obtaining the result due to chance (and exactly calculating its

probability), (4) use of questionnaire data without index computation, (5) statistical evaluation
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without of null hypothesis statistical testing fallacies, and (6) initating arousal in laboratory
experiments.
Furthermore, two questionnaires were standardized into Czech, and a further four

translated to two languages, Czech and Italian.
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Chapter 2 History of Signal and Cue

2.1 Signal and cue in ethology

Charles Sanders Peirce was a man of many hats: a chemist, a mathematician, a logician, a
philosopher, and a founder of philosophical pragmatism. He is considered the founder of
abductive reasoning: a rigorously combined formulation of mathematical induction and
deductive reasoning. He is one of the originators of the use of logical operators in electrical
switching circuits that were later applied in digital computers — a change that made science
different forever.

Modern semiotics is to a large degree inspired by Peirce’s work. Unfortunately, a
majority of his findings was not published and he is known primarily for the inspiration he
provided to other thinkers. The most well-known are William James, a psychologist, Konrad
Lorenz and Nico Tinbergen, both biologists (ethologists) and together winners of the Nobel
Prize in Physiology and Medicine.

James developed his theory of emotions, in which he suggested that the physiological
trigger reaction is what determines the cascading feeling of emotions — thereby labeling
emotions and affects.

Lorenz, after reading Pierce’s work, developed his theory of animal communication.
Specifically, he was inspired by Peirce in differentiating between purposeful and non-
purposeful communication. The difference between the two is the intentionality in the
communicated message. An example of purposeful communication would be a rattlesnake’s
tail: an anatomic device that is used to communicate a warning message to the recipient. In
contrast, the buzzing of a mosquito is a non-purposeful communication; it is perceived as a
message by the to-be-attacked host but it is without a communicative value on the part of the
mosquito. And it may even provide information, such as location, that the mosquito would
arguably avoid communicating. The rattle is a specifically evolved set of scales that signals to
the undesired (by the rattlesnake) creature the fact that the very next behavior of the snake
would be an attack if the intruder were not to move out of harm’s way. The mosquito buzz
perceived by the host is a disadvantage because it prevents a stealthy approach. The buzz
cannot be suppressed; the mosquito’s wings need to move so that flight and hovering is
assured.

To the ethological community, these two modes of communication are known as signals
and cues. According to the signaling theory developed by Scott-Philips, signals are defined as
“Any act (or structure) that (i) affects the behavior of other organisms; (ii) evolved because of
those effects; and (iii) which is effective because the effect (the response) has evolved to be

affected by the act or structure.” And cues are defined as “Any act (or a structure) that (i)
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affects the behavior of other organisms; and (ii) which is effective because the effect has
evolved to be affected by the act or structure; but which (iii) did not evolve because of those
effects.” (Scott-Philips, 2008, p.387).

Signals in a biological/ethological sense are very different from what is defined as a
signal in the physical sciences. There are only four possibilities for the ethological concept of
signal:

1) Nothing is sent — so nothing has been perceived.

2) A cue has been leaked from the sender and the receiver can perceive it and possibly
adjust his/her behavior accordingly.

3) The sender has intentionally sent the signal and the receiver has perceived it.

4) The sender has sent the signal or cue but the receiver did not register it.

There is hardly any literature that would focus on when too much information has been
lost for a signal to become a cue and when many cues are so reliably interpreted that they take

over the role of being a signal.
2.2 Signal transmission, noise, entropy and all that

As opposed to the aforementioned signaling theory, the relation between communication,
information and signal transmission in physics and the concept of entropy was proposed in
1948 by Claude Shannon in the paper A Mathematical Theory of Communication. Shannon
was a mathematician working at Bell Laboratories in New Jersey, USA and was developing a
theory to understand the loss of information during the transmission of messages — for
instance electromagnetic signals traveling via some medium while two individuals were
mutually sending and receiving messages, as during a telephone call.

Although his model was originally developed to deal with the observation that there is a
loss of information during transmission, he realized that the problem of information loss
applies to any type of information transmission. After transmission, the received signal it is
not the same as what the sender sent. During the transmission the information decreased; the
difference between the original information and the received information is called noise. 1
note that entropy is a quantity — and, therefore, so is information — as Shannon discovered
in 1948. Indeed, both entropy and information can be measured; they both have the (physical)
unit J-K~'. Just as it is not valid to refer to amount of entropy (or, for that matter, amount of
energy), it is also invalid to refer to amount of information (and, consequently, amount of
noise is also invalid). Information is additive, so information has been transmitted from two
channels leads to more information in the sense that the information from these two channels
can be added: I eceived < (ISource .+ Isourcez). When the signal is corrupted during

transmission, information is decreased (hence the “<” in the formula) and noise is increased.
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The sum remains constant during this degradation process.

A naive explanation of this phenomenon is that noise was added to the signal, changing
the information and being a distractor when the receiver decodes the message. Shannon was
well aware of the fact that the noise is not an addition that masks the information, but it is an
actual /oss of information.

He developed an equation that allowed him to calculate the loss. After sharing his results
and insights with another mathematician, John von Neumann (the inventor of the hardware
implementation of the Turing machine), suggested that this loss should be named entropy,
because of the formula’s identity with Boltzmann’s formula for entropy in the statistical
modeling of the 2" Law of Thermodynamics. Later, both Shannon and van Neumann, and,
ultimately, the whole physical science community observed that not only the mathematical
expression for Shannon’s and Boltzmann’s entropy were the same, but the underlying
mechanism was identical.

Boltzmann was a physicist working on the statistical interpretation of the kinetic theory
of gases and he developed the formula for entropy, namely S = k InQ (% is the Boltzmann
constant and € is the number of microstates of a system). Boltzmann’s discovery was that
only if a system is understood statistically can experimental outcome fluctuations be
understood and these can only be calculated with his formula. These fluctuations are the
noise; noise is, therefore, the increase in entropy because of the 2" Law of Thermodynamics
makes the increase inevitable.

The distinction between information and noise is very important in the scientific study of
perception. During the transmission of the message or signal, the information contained is
deteriorated by the increase in entropy. The information, therefore, needs to be retrieved via
decoding and reconstruction; the challenge is to retrieve enough of the original meaning.

Not only physicists and engineers were aware of the mechanism of information loss —
even prior to Shannon’s discovery of the relation of the loss with the 2" Law of
Thermodynamics. The problem the communication experts were trying to solve was how to
ensure a minimal loss (preferably zero) due to the transmission. Their approach was to
implement a redundancy so as to aid in reconstruction. A general, still widespread,
misconception is to consider redundancy as a repeat of the signal a second time. This must be
a false approach, because the receiver is not capable of, in the case of the two signals being
different, knowing which of these two signals is the one with the smallest corruption.
Repeatedly sending a signal does not eliminate signal corruption and signal loss.

The approach is to ensure redundancy by clever encoding schemes. Internal relations
between elements of the signal can be encoded with an invertible encoding algorithm. The

receiver inverts the encoding to retrieve the maximum possible information in the message.

17



Clearly, the amount of information transmitted via the signal has increased, because this
redundancy has also been transmitted. However, in all these encoding/decoding schemes, the
algorithm used for generating the redundancy is transmitted beforehand (again, obviously, via
an encoded signal). The more secure the reconstruction of the sent signal, the more elaborate
the redundancy algorithm has to be.

A tempting thought in this context is the speculation that the redundancy in biological
signals is an algorithm that has evolved: maybe the decoding of the received signal is possible
because ‘evolution’ has made it possible that redundancy is invertible.

This plethora of signal transmission, noise and redundancy features is often summarized
as communication of information between two individuals: the sender and the receiver.
Ethologists are not adequately rigorous in these aspects of signal transmission. Rather, they
focus on the quality or reliability of the signal. In this thesis, I communicate to you, the
reader, the interplay between perception, signal properties and noise by describing several of
my published studies and possible conclusions and inferences for future studies. They show

that unraveling noise and signal reliability is statistically very challenging.
2.3 Perception in biological descriptions

With the word perception we refer to the results of elaboration processes pertaining to sensory
information. The word perception comes from the Latin perceptio (gathering, receiving,
conceiving) and can be considered as the results of a process of organization and elaboration
of the information that has been gathered through many sensory modalities.

It is essential to the survival of organisms for them to make inferences regarding the
environment and their surroundings in order for them to perform any type of action. The
success of the action will strongly depend on the accuracy (actually: reliability) of the
perception. In the current scientific approach, two aspects of perception are of utmost interest:
the sensory data (decoded by senses through sensory transduction) and their elaboration.
Obviously, the accuracy of the perception is higher when the information is redundantly
encoded (i.e. via congruent multimodal overlapping), allowing for a more robust percept.
However, the metabolic cost of encoding stimuli limits this possibility. The encoding is,
however, dependent on the species-specific sensory dispositions. These species-specific
sensory dispositions refer to the results of an evolutionary sensory adaptation that allows each
species to encode the type of environmental stimuli relevant for its survival.

The senses construct the species-specific perception of the environment. This concept of
Umwelt, formulated by the Estonian biologist Uexkull, founder of biosemiotics, in 1920s is
still relevant. The qualitative experience of the organism is fine-tuned via a species-specific,
therefore subjective, construction and interpretation of the world that depend on the needs of

the organism. Hence the species-typical lived-world (Umwelt in German). A quote by Uexkull
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(1926, p.15) summarizes this situation:

The task of biology consists in expanding in two directions the results of Kant’s
investigations: (1) by considering the part played by our body, and especially by our
sense-organs and central nervous system, and (2) by studying the relations of other
subjects (animals) to objects.

2.4 Perception in nonhuman animals

In octopi (Abdopus aculeatus), the lack of visual sensitivity to colors is compensated with the
ability of detect polarized light (Temple et al., 2021). Light polarization is a property related
to the plane of oscillation of the waves that compose light, in contrast to color which is a
property related to the wavelength of these waves. In seawater the short and long wavelengths
of visible light are more attenuated than the middle wavelengths, making color vision less
reliable than polarized vision (Smith & Baker, 1981). As a result, polarized vision is more
effective in detecting animals and inanimate objects in a marine environment and therefore
allows for successful actions in the octopi’s environment.

Differently from octopus, dogs (Canis familiaris) are adapted to a land environment.
Their eye anatomy includes receptors that allow for color perception, namely a type of
photoreceptor called cones that can transduce information regarding the wavelength emitted
by objects. Their color vision is very different from ours. The spectrum of color that is visible
to the subject is determined by the types of cones present in the retina of the eye. We, humans,
have three different types of photoreceptors (for short wavelengths — violet and blue; for
medium wavelengths — green, and orange; for long wavelengths — yellow and red), and the
combined activity of these different types of cones allows us to perceive the full spectrum of
the colors visible to the naked human eye. In the case of dogs, only two cones (for short
wavelengths — blue and longer wavelengths — yellow) are present in the retina, and,
consequently, their vision of the world is very different (Jacobs et al., 1993). The closest that
a human can experience this type of color vision, is one type of color blindness, a genetic
condition for which one or more types of cones do not function well — leading to lack of
distinguishing between some wavelengths, and therefore not seeing some colors. To
differentiate even further dogs’ visual perception from ours: results of recent studies also
suggest that dogs’ vision is also sensitive to UV light (Byosiere et al., 2018).

Another animal with a color vision very different from ours is the mantis shrimp
(Stomatopod crustaceans). It has 16 different types of photoreceptors; in addition to the
ability of perceive UV light and circularly polarized light (Cronin et al., 2014), this animal
needs only one eye to perceive spatial depth and it can move each eye independently. The
structure of the mantis shrimp’s eye is among the most complex in nature. Attempting to

imagine how we could see the world with polarized light (i.e. the octopus) or with less colors
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(i.e. dogs) is difficult; it is certainly impossible to imagine how the world looks through a

mantis shrimp’s eyes.

2.5 Perception in Humans: Senses

Classically, the human perceptive senses are five: visual, auditory, olfactory, haptic (touch),
and gustatory (taste). These senses have been recognized for millennia as the perceptual basis
from which we create and infer the meaning of our environment (Aristoteles, 4" Cent. BC).

In reality, there are other sensory systems that may be less intuitive but also fundamental
to our ability of perceiving and acting in the world. Depending on how we characterized a
sense, up to 33 senses can be identified (Fairhurst, 2014). Considering the sensory modality as
a type of transduction (meaning the transformation made by a receptor of various types of
energy to electric signals that can be interpreted by the brain), we can identify the nociceptor
(perception of pain), mechanoreceptor (proprioception, kinesthesis, balance, acceleration and
muscle stretch), thermoreceptor (perception of temperature) and interoceptors (blood pressure
and temperature).

We can extend this list further if we consider the specific sensation arising from the
specific type of receptor. For example, in the case of vision, we can consider it as one sense
(since it is based on the transformation of light energy to neurosignals), or as two (since we
have two types of photoreceptors: the rods — sensitive to low light levels — and cones —
sensible to the colors, but only at adequately high light levels) or as four (we have only one
type of rods but three types of cones). In this way, humans can be considered to have from
five to 33 senses.

Our conscious perception of the world takes into account that the information arriving via
all these different channels creates at least one coherent output called a percept. Disentangling
the role of the information carried by one channel becomes very complicated. Even more so
when considering that even within the biological range of the senses of one single species,
there is also an individuality aspect in the perception process, due to the elaboration of the

information being related to the learning and the experiences of the individual organism.

2.6 Multimodal cues

The signals that a healthy individual receives from the different sensory channels need to be
integrated in order to create one (coherent) information. How this information is integrated in
terms of neural pathways and brain areas involved is a complex topic studied in numerous
neuroscientific disciplines. In this present work, I focus on the behavioral consequences of
multimodal perception, specific advantages in decision-making and the modality crosstalk
issues.

Each individual needs to orient himself/herself in a highly complex environment and use
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information from the environment to regulate his/her decisions and behaviors. To this aim, the
integration of information originating from different sources (in terms of sensory input) brings
the advantage of a much more detailed assessment, in which many features can be taken into
consideration (Metaxakis et al., 2018). Accessing different sensory inputs from the same
stimulus can provide a better chance of correctly decoding the cues and the signal
(Campanella & Belin, 2007). Indeed, the information carried by the different sensory
modalities can be — in parts — redundant (in the sense of signal components from different
sensory modalities carrying the same information or the same meaning; Akcay & Beecher,
2019). This can bring an advantage in terms of information decoding, decision-making and
behavioral output, because the redundancy can compensate for the degradation of the signal
(noise). In such cases, we can expect an improvement in terms of stimulus assessment and
consequential behavioral choice. The opposite situation is when two (or more) senses bring
two different information contents that are incompatible or incongruent with each other. We
refer to such a phenomenon as modality crosstalk. As a result of such situations, the reliability
of the assessment decreases. However, one of the incongruent sources of information could be
suppressed, relying on the assumption that at least one other modality is considered to be
more salient (Liu et al., 2019). The study of the effect of congruent or incongruent multimodal
information can help to disentangle the role of the information carried by one sensory channel

in the final percept and trigger of the consequential behavioral response.

2.7 Pattern perception

To detect meaningful cues and relationships between cues and other elements in the
environment means to detect patterns. In this sense, humans are pattern-seeking animals that
have developed cognitive and perceptual processes in response to evolutionary pressure — a
pressure that facilitates the detection of patterns (Barrett, 2000). As theorized by the Error
Management Theory (EMT; Haselton & Galperin, 2012), the cost-benefit relationship
between false negative error (to not detect a pattern when it is present) and false positive error
(to detect a pattern when it is not present) shows the possible advantage of overperception of
patterns. To walk in a forest and miss-interpret a stick as being a snake (false positive error)
has much lower cost than miss-interpreting a snake as being a stick (false negative error). The
resulting bias in perceiving patterns when they are not present is called apophenia, and in the
specific case of visual modality (illusonary visual pattern) is called pareidolia. The main
feature of pareidolia is that random visual elements and noise are perceived by the individual
as meaningful. Differently from visual hallucination (that arises without the need of a physical
object), pareidolia is elicited by a real stimulus that is wrongly interpreted (Y okoi et al.,
2014). The study of these phenomena can offer insight about which characteristics of the

individual are associated with the ability to correctly distinguish between non-random patterns
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and random stimuli or, conversely, to become victim to a false positive or a false negative
error. The subjective sensitivity to erroneous pattern detection may lead to another bias, the
attribution of agency to non-living objects (Hyperactive Agency Detection Device; van der
Tempel & Alcock, 2015), which leads, ultimately, towards supernatural beliefs (Barrett,
2000). Indeed, cognitive and perceptual biases can become candidates for hypotheses used to
explain the emergence and the perseverance of religious and paranormal beliefs (Willard &
Norenzayan, 2013). Previous studies have associated the overperception of patterns with
different types of beliefs in the supernatural, as beliefs in the paranormal and believing the
self-contradictory view that coincidences are not meaningless, but rather meaningful (Zhou &
Meng, 2020; Bressan, 2002).

Most case studies of pareidolia are related to face perception. Elements in a stimulus that
occupy the expected position of the eyes and of the mouth in the correct spatial arrangement
are perceived as a face. However, faces are special stimuli for humans, because they are
essential for our intra-specific communication. The relevance of the face as a stimulus has
been documented in numerous studies (Tsao & Livingstone, 2008; Kanwisher & Yovel, 2006)
and therefore some specific visual biases (i.e. face overperception) may be related to face
pareidolia more than a generic pattern perception bias. For this reason, in our study we
employed types of stimuli that are not derived from biological geometries and in which we

can statistically control for the presence of patterns and noise.

2.8 Communication of affective states

The distinction between signals (in the traditional ethological sense) and cues is the results of
ethological studies on animal communication (Lorenz, 1939) described above. The non-noise
part of a signal is a physiological pattern that has evolved to actively convey specific
information to a specific receiver. The success of the information transmission is related to the
ability of the receiver to detect the signal, correctly interpret the meaningful part (decoding
them reliably) and act consistently, based on the conveyed information. Signal transmission
and signal detection are both evolutionary adaptations: both are fundamental parts of intra-
specific and inter-specific communication.

Cues, on the other hand, transmit information but they did not evolve with the aim of
communication. Both the cue(s) and the non-cue information contained in the signal can
involve one or more sensory modalities, and both enable the organism to navigate in its
environment.

In intra-specific communication, the sender encodes the information and transmits it to a
receiver who decodes and interprets the message. For example, in human social interaction,
the ability to read others’ affective states is essential in order to, among other things, assess

their mood and their mental state. To this goal, a variety of information is involved, ranging
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from non-verbal behavior (Grammer et al., 1998), facial (Grammer et al., 1990), and vocal
expression (Leongomez et al., 2014). Darwin (1872) suggested, and later Paul Ekman tested
(Ekman, 2006), that emotions and their facial and senso-motoric displays are universally
recognized, as a sort of innate signaling system in humans. However, these claims were later
criticized and several shortcomings were addressed in meta-analytical studies (Scherer et al.,
2001; Elfenbein, et al., 2002). Generally, the decoding accuracy was highest (1) in naturally
occurring emotional expressions (in line with the importance of ecological worth of the
stimuli), (2) when raters and stimuli were of the same race, (3) when raters and stimuli had a
similar cultural background (highlighting the role of previous experience of the decoders), (4)
when participants were provided with visual and vocal cues simultaneously (Scherer et al.,
2001; Elfenbein, et al., 2002) and (5) when the descriptors and the labelling of affective states
are clear. For scientific research, there was the need to classify emotions as discrete or as
continuous. The debate on this topic is still ongoing, with two main approaches: Discrete
Category Theory (that considers each emotion as the result of a specific and distinct
psychophysiological activation; Izard, 1994) and the Circumplex Model of Emotion (that
considers emotion as a dimensional phenomenon; Posner at al., 2005; Russell, 1980). This
second model suggests that all affective states arise from two mutually independent
neurophysiological activations: represented geometrically by a finite valence interval (from
extremely negative to extremely positive) and a finite arousal interval (from extremely low
arousal to extremely high arousal). In this theory, affective experience is a linear combination
of these two independent activations, which is then interpreted as representing a particular
emotion (for review see Posner et al., 2005).

During the interpretation-decoding of the affective state that the sender is displaying, the
context plays a very important role. By “context” we mean other information present in the
environment that can be perceived and added to the original input. This increase can, on the
one hand, be due to two stimuli detected with the same modality complementing their
interpretative values (i.e. the two visual modalities facial expression and body posture) or, on
the other hand, be detected with different modalities that can be employed to increase the
information and, consequently, the accuracy of decoding. When a receiver can obtain
information through visual (facial expression) and auditory (appropriate vocalization)
channels, an approximately 90—100 % accuracy rate in the judgment of basic emotion
perception (e.g., disgust, fear and happiness; Aviezer et al., 2008; Sourina & Liu, 2011) can
be attained. In this case, the context, which is an enhancement due to additional cues available
to the rater, adds information and increases the probability of correct decoding. However, the
context may also consist of incongruent information that actually decreases the chance of

correct assignment of the emotional state. If raters are presented with congruent information
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(i.e., emotional expression of the face and emotional prosody of the voice that match in terms
of the emotion expressed), then the rate of correct identification is greater and response times
are reduced (Wittfoth et al., 2010; Dolan et al., 2001). If the information provided is
incongruent then confusion between signals occurs; ambiguity results. Since the two sources
also cues regarding different states, we can suspect either (1) the suppression of one source in
the interpretations or (2) the phenomenon of crosstalk, in which the two sources interfere with
each other to the point that none is correctly identified. The discrepancy between incongruent
stimuli is strongest when one modality represents a neutral state (Miiller et al., 2011;
Boschetti et al., 2023c).
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Chapter 3: Laboratory and Stimuli Preparation Methodology

3.1 Stimuli construction in a laboratory

The use of a laboratory in experiments about human perception allows researchers to control
many properties of the environment (i.e. illumination, sounds, and temperature, but also the
display resolution of and the distance to the monitor) that would otherwise be confounding
variables and possibly bias the data collected. Our use of the laboratory became important not
only for the collection of the data but also for the construction of stimuli and their preparation.
The stimuli were often first generated in a laboratory and then further refined in an attempt to
reduce the corruption of the signal (van der Zant & Nelson, 2021). As explained above, the
noise (entropy) is included in the transmission and the signal’s degradation, therefore, can
never be reduced during transmission. However, inclusion of redundancy in the transmission
process can enable overcoming some of the degradation and thus increase the reliability of
stimulus identification — at the cost of increasing the load to be transmitted along the
communication channel.

In the study of affective states communication, databases created in laboratory are
available and are used in many studies (Ma et al., 2015), increasing the possibilities of
outcome comparisons. The images of these facial expressions are standardized in terms of
background, face angle, eye level, illumination etc. (Lundqvist et al., 1998). Despite the
attractiveness of making larger and larger data bases available, there are two shortcomings in
this arrangement. First, a typical feature of these stimuli sets is that they were created by
employing actors and actresses to produce the different requested facial expressions, namely
those corresponding to mental images of different emotional states. Second, to confirm the
communicative value of these stimuli, the images undergo a pre-test procedure before being
used in a study. The pre-testing procedure involves a small number of test individuals who
provide their ratings; these are used to compute inter-rater reliability. Those stimuli that best
represent the desired expression are later used in the research.

On the one hand, this procedure provides results that are stable, replicable and allow for
controlling confounding variables. On the other hand, this procedure increases the distance
between the responses acquired in a laboratory experiment and the responses in an ecological
valid situation, let alone in the real world. Stimuli produced by actors and actresses who
emulate the emotions via facial expressions and related vocalizations have the advantage of
being controllable and standardized. However, there is the risk that they are not perceived by
the study participants in an adequately similar way as genuine expressions, because they are
not elicited in the actors or actresses by the same physiological activation. For example, when

a real, genuine laugh is compared to the acted laugh, the two are not only perceived
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differently in terms of categorization but they also activate distinct brain regions (McGettigan
et al., 2015). There are instances where the specificity of the task demands the use of
genuinely elicited affective expressivity. There are methods to produce the stimuli in more
realistic ways: make the individuals undergo a procedure that causes them to experience the
affective state (Sebe et al., 2007), or use pre-existing recordings of ecological valid situations
and extract the parts containing the desired stimuli (Fernandez-Dols at al., 2011; Aviezer et
al., 2012; Wenzler et al., 2016; Raine et al., 2017; Boschetti et al., 2022; Binter et al., 2023a).
Another important issue deals with the emotional condition of the raters. In a real life
scenario, the raters (or some other receiver of the stimulus) is not in a neutral emotional state
when assessing the meaning of the stimulus. Instead, often he/she is in the same contextual
situation that elicits the stimulus from the sender; therefore, the rater is not in a neutral
condition. In addition, the sender may by affected emotionally by the stimulus, creating a
circular communication of affective states that affect one another and modulate one another’s
interpretation. It is, of course, of interest to investigate how the manipulation of the affective
states of the receiver may bring about insights in the assessment and interpretation of cues

involved in different emotional states.

3.2 Inter-Rater Agreement

To confirm the communicative value of the stimuli, there are different pre-testing procedures
available. One way of pre-testing the stimuli that depict emotional expressions is the inter-
rater agreement (Ma et al., 2015). Before being used in an experimental set-up involving
participants, the stimuli undergo a rating procedure with both naive and expert raters who
together categorized the emotion in the images or in the vocalizations’ audio tracks. The
resulting inter-rater agreement can be statistically derived as deviations (but not the
differences, because the ratings are categorical variables) in the responses of the raters
(Boschetti et al., 2022): Another possibility is to reach an agreement through an open debate
about those stimuli that were rated or categorized differently (Robertson et al., 2010). This
last approach is more often used when the raters are experts. There are several problems
inherent in this procedure: (1) cultural and linguistic variations can have a strong impact; (2)
the type of rating employed (categorization of the specific emotion expressed vs.
categorization of valence or arousal of the expression); (3) the most relevant (in the context of
this thesis) problem is that facial expressions of some type of emotions are inherently
ambiguous (i.e. pain and pleasure; Wenzler et al., 2016). In these cases, arriving at an inter-
rater agreement is not only very difficult but attempting to find an agreement can also be
counterproductive, because there is the risk of choosing the images with a lower degree of

ambiguity and, therefore, through the selection, constructing artificial prototypes that are even
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more distant from an ecologically valid situation.

3.3 FACS

Another way to pre-test and even create the facial expression stimuli is through the Facial
Action Coding System. This system, originally proposed by Carl-Herman Hjortsj6é (1970) and
later developed by Ekman and Friesen (1978), is based on the fact that facial muscles are
activated during emotional expression. There are various advantages of using this system, one
of which is that instead of the grappling with the nature of the emotional category, it is the
muscle activation that differentiates the emotions. In this way, the problem of language and
culture in the labeling of emotions can be avoided (Hamm et al., 2011).The basic units of this
system are the Action Units (AU), which correspond to specific muscle activations (i.e. upper
lip raiser, brow lowerer, etc). The AU are used to catalogue the facial muscle group
activations, expression by expression. Specific groups of AU activations correspond to
specific emotional categories (Aviezer et al., 2015). Based on the expected AU activation for
the specific emotion, it is possible to use FACS to pre-test the stimuli. Another advantage of
this system is that the recognition of the AUs activated in the specific facial expression can be
done by both trained human experts and specifically developed, dedicated software. Using the
software, the information about the AUs activation can also be used in a prescriptive way,
namely for the creation of animations of facial expressions. A third advantage of this system
is that ambiguous emotional expressions can be straightforwardly described through the AU,
without the need to reduce the expression to a prototype. With this (third) advantage, it was
possible to demonstrate a further ambiguity involved in the facial expression of pain and
pleasure: the AUs activated in these two cases are indeed extremely similar (Fernandez-Dols
et al., 2011). Using these methods could, therefore, not be sufficiently adequate to pre-test and

distinguish between these types of stimuli.

3.4 Al as an evaluative tool

An alternative method to pre-test the visual stimuli is to implement Artificial Intelligence to
quantify the differences between images. This approach allows the investigation of the
differences in facial expressions without any prior categorization of muscle activation or rater
input. Even when using software for muscle activation recognition and group identification of
the AU involved in the expression, there is still a small number of differences (or cues) that
the software considers relevant (Hamm et al., 2011). In contrast, the use of Al does not limit
the analysis to the possible AUs involved. In the context of differentiation between facial
expressions, applying a feature extraction function on the stimuli allows for the high-

dimensional feature vectors that contain more information about the stimuli than AUs
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possibly can. These feature vectors are then dimension-reduced via an autoencoder (a neural

network; Fig. 3-1), making it possible to calculate the Euclidean distance between pairs of

these dimension-reduced feature vectors.
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Figure 2-1 A symbolic rendition of an autoencoder. The 11 inputs (in the drawing) are represented by blue
arrows from left to right. The inputs are conventionally labelled neurons (hence the name “neural network™).
Each input neuron (light blue) has as many outputs as there are neurons in the next layer (8 in the drawing,
represented as yellow discs). Each ‘yellow’ neuron thus has 11 inputs (represented as thin black lines, called
edges). Each neuron in the yellow layer has as many outputs as there are neurons in the next layer: 6 outputs
for each ‘yellow’ neuron and therefore 8 inputs for each ‘green’ neuron of the next layer. And so it continues:
each ‘green’ neuron has as many outputs as there are neurons in the next layer (consisting of two ‘orange’
neurons) and each ‘orange’ neuron has 6 inputs. The light blue neurons on the left are called the input layer,
the light blue neurons on the right are called the output layer. The (two) yellow layers, the (two) green layers
and the (one) orange layer are called the hidden layers. An autoencoder always has the same number of
output neurons as it has input neurons. The number of hidden layers, as well as the number of neurons in
each hidden layer, is part of the design by the engineer constructing the autoencoder. The numerical values
along the black edges between neurons are determined by an algorithm. The autoencoder attempts to produce
an output equal to the input (hence the name ‘autoencoder’) without being an identity mapping. An important
feature for modern autoencoders is the ability to cut (set to zero) certain interconnections (edges), or make
them numerically very small (usually by using a sigmoid function). The central layer is called the code. If
the inputs are the feature vectors, then the numerical values of the code are the components of the dimension-
reduced feature vector. In the drawing: the input feature vector has 11 dimensions and the dimension-reduced
feature vector has 2 components. Mathematically: if this is a successful autoencoder, it has detected nonlinear
combinations between the components of the (input) feature vector that can be represented by two variables
in a 2D space.

The Euclidean distance metric is extremely beneficial since it does not limit the

dimensions of the feature vectors between which their distance is computed. This makes the
tool versatile and multi-purpose.

One statistical analysis approach is to estimate of the ML distribution of the Euclidean
distances and then calculate the modes and the HDIoso, confidence intervals (the Highest

Density Interval at 95% significance; Kruschke, 2015). If one is interested in comparing the

ML distributions of two such feature vector samples, it is possible to use a statistical test, such
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as the Wilks Lambda, to determinate whether they are significantly different. The use of this
algorithmic approach was successfully employed to distinguish between the ambiguous facial
expression of pain and pleasure (Prossinger et al., 2021b), proving that there are indeed
objective differences between the two expressions. Further details and alternative approaches
are discussed in Section 3 (“Statistical Methodologies™).

One of our published studies (Prossinger et al., 2022a) precisely enumerated the far-
from-trivial steps necessary for correct classification of pain and pleasure, which cannot be
expected to be achieved by humans. Our results showed four clusters and two isolates. These
clusters were detected after noise removal by the algorithm. The discovery of the necessity of
noise removal provides further support for the two main arguments about the human inability
to correctly rate the differences between pain and pleasure. First, the inter-individual facial
expression variations are considerable, yet the noise corrupts the signal. Indeed, even though
healthy individuals are equipped with facial muscles essential for basic emotion expression
and the variability of the muscles involved is minimal (Waller et al., 2008), there are many
influences related to the uniqueness of each individual s expressions and limitations in their
identification for other individuals in real world scenarios. Some of these limitations are: the
fact that people choose or need to wear spectacles, some have beards, some are adorned with
jewelry or with expensive makeup. All may these obstruct or alter the assessment of the facial
expression. Further complications may arise in individuals who experienced facial nerve-
related disorders or other central nervous system damage (Hamm et al., 2011). Furthermore,
expressers’ age-related features, their fat layer distribution, their skin texture, their general
degree of facial expressiveness, and the morphology of their facial muscles are known to
impact the production of their facial expressions (and consequently the probability of correct
identification). We investigated identity uniqueness by using Al algorithms, because,
possibly, individual expression familiarity potentially increases the accuracy of correct
expression estimation by other humans if they are exposed to an individual for an adequately
long, yet unknown in extent, period of time.

An interesting next step would be to test such a proposed explanation. Previous studies
within this familiarity framework have been conducted on sadness, anger, and happiness; the
results are mixed (Zhang & Parmley, 2015). In children, research on pain vocalizations has
been published (Corvin et al., 2022); the study claimed that learning is the mechanism for
obtaining proficiency with respect to specific expressers. It is worthwhile to compare how
successful individuals are in assessing (rating) their partners and relatives in extremely (non-
sexually) arousing moments (such as in sports encounters) with the ratings of strangers’ facial

expressions.
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3.5 Use of ambiguous stimuli

Ambiguous stimuli are stimuli that do not have a clear interpretation and can trigger different
cognitive elaborations and responses that depend on many influences, including individual
differences, inner states of the receivers, and previous priming.

In ambiguous stimuli, the presented cues are conflicting among themselves or can be
interpreted in different ways. This doesn’t necessary imply that the stimulus does not have an
objectively correct interpretation, but that the presence of the specific propriety in the
stimulus or of specific cues make other interpretation as comparably probable as the correct
one. When such stimuli are rated, the subjects need to resolve the perceptual ambiguity and
then decide. This decision made not only based on the physical properties of the stimulus but
also on the prior knowledge, experiences and expectations of the senders (Pollak et al., 2009).
For this reason, ambiguous stimuli can be used not only to uncover mechanisms of decision
making in conditions of sensorial uncertainty but more generally to help clarify the role of the
physical proprieties of the stimulus and of the receiver’s expectation. It is also important to
mention that one of the possible decision-making mechanisms is guessing: if the ambiguity of
the stimulus was not resolved the subject may guess; the response need not be based on the
available information, past experiences, and risk — it can be a guess (Boschetti et al., 2022,
Binter et al., 2023a).

3.6 Illusion

Illusions are specific types of ambiguous stimuli. In these cases, the interpretation of the
information extrapolated from the stimulus is incorrect and results in an illusionary perception
different from the physical reality (Walker et al., 2019).

We can distinguish between two main types of sensory illusion: physiological illusions
are caused by physiological mechanisms while cognitive illusions are caused by some higher
decoding process (Gregory, 1997). This distinction may appear to be artificial since these
mechanisms affect each other and there are arguments for circularity and non-linearity of the
process of perception being possible (Deneve & Jardri, 2016).

However, the distinction may still be useful to describe the role of sensory or cognitive
functions in the case of a specific illusion. In the context of the research presented in this
work, the physiological illusions are more related to physiological proprieties of the sensory
systems and less to cognitive decoding attempts. An example is color after-effects, which
consist of the illusionary colors perceived in a black and white image after a prolonged and
static exposition to an inverse image of the one presented. This phenomenon is mainly related
to the physiological proprieties of the photoreceptors, specifically the adaptation of the cones
in the retina after the static exposition (Williams & MacLeod, 1979).
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In comparison, cognitive illusions are related to the process of elaboration of the sensory
information and to the interpretation of the presented stimulus. An example of this mechanism
is so-called paraidolia, which is characterized as the illusionary perception of a pattern or a
meaningful connection in (objectively) random stimuli (Merriam Webster Online, 2022). This
type of illusionary perception is thought to be an adaptive property of perception, since the
evolutionary advantage that this overperception is its proclivity to detect threats in complex
sensory environment (Barrett, 2000). Indeed, it could be the result of an Error Management
Theory (EMT) effect in the perception: detecting a pattern where there is none is less costly
than non-detecting a pattern where is one (Johnson, 2009).

The specific case of face-pareidolia is the most studied phenomenon, and it is the illusory
perception of a facial features (i.e. a face in the cloud or the face of Jesus on a ‘burned’ toast).
There are certain features in the seen object that are distributed in a way that reminds the
seeing observer of features of a face (i.e. two elements in the upper half — the eyes — and a
larger element in the middle of the lower half — the mouth; a so-called three-point schema).

Since face is an evolutionarily relevant stimulus for humans, we are extremely primed to
its perception (Kanwisher & Yovel, 2006; Tsao & Livingstone, 2008), to the point that we
have an area of the brain dedicated primarily to face perception (Fusiform Face Area;
Kanwisher & Yovel, 2006). Already a newborn orients its attention preferably to a face rather
than to other stimuli and they can use information to distinguish between different faces a few
days after birth (Field et al., 1984). In case of face-pareidolia, the brain elaborates the cues
present in the images and guesses the most likely (yet incorrect) interpretation. However, the
results obtained by studying face-pareidolia are not generalizable to other pattern perceptions.

Therefore, alternative approaches using different types of stimuli, such as computer-
generated graphics depicting (environmentally relevant) patterns, are beneficial to uncovering
more general mechanisms related to pattern perception. Furthermore, computer-generated
graphics allows control over the presence or absence of patterns in the image with a certainty

that can be mathematically evaluated.

3.7 Facial expressions and vocalizations of extreme intensity

As mentioned above, highly intensive affective states and their displays can be considered
naturally occurring ambiguous stimuli. To date, these were rarely used for research purposes.
Among the naturally occurring ambiguous facial expression, it has been found that
naturally occurring expressions of people in either a very highly positive or a very highly
negative emotional situations are not easy to correctly rate along the positive-negative
spectrum axis (Avierez 2012). For example, two completely opposite emotional affections —

facial expressions of winners and losers in sports competitions (Aviezer et al., 2012), and
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more importantly, facial expressions of sexual gratification and pain (Hughes & Nicholson,
2008) were rated as indistinguishable. The phenomenon of affective ambiguity has only
recently gained attention in the psychological literature, especially in the field of affective
state processing. Recent studies (Aviezer et al., 2012; Blakeslee, 2006; Holz et al., 2021)
argue that not only facial expressions but also vocalizations during sexual activities are
indistinguishable from those of “suffering intense pain and agony” (Kinsey, 1953). A recent
paper (Holz et al., 2021) refers to this phenomenon for which the vocalizations of intense
affective states are more difficult to correctly attribute and categorize than low intensity
affective as the “emotion intensity paradox.” This paradox exists, it is posited, due to a lack of
further information that would allow a correct attribution and would probably be less likely to

occur when all contextual information is available (Aviezer et al., 2012).
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Chapter 4: Statistical Methodologies

4.1 The use of a rating scale

The pre-identification of categories (i.e. requesting the respondent to choose whether the
emotion displayed is anger, fear or surprise) is more likely to capture the complex
psychological representation of the emotion yet increase the variance — because it could then
be uncontrollably affected by culture and linguistic differences — as criticized by Boschetti at
al. (2022). The focus of previous studies was often on the emotions and affects as categories
(without attention to how intense these emotions are) or on the dimensions of the emotions
(high vs. low arousal or positive vs. negative), without categorizing the emotions.
Consequently, outcomes of any study that avoids these limitations are very difficult to
contrast with previous research that focused on the universality of specific categories (such as
basic emotions) but not on others (the secondary emotions — the affects). Using stimuli
labeled (during a pre-test) as pleasure or pain would inherently lead to testing whether
participants agree on representations of pain and pleasure (that is to say, whether there is a

common mental representation, as discussed by Chen et al., 2018).

4.2 Statistical Analysis of Responses

In field studies involving questionnaires, the responses are categorical variables, which may
or may not be ordinal. The responses to the queries are ordinal numbers, not cardinal numbers
(Blalock, 1960). They may not be directly converted into cardinal numbers, because a change
in the choice of the mapping results in a change the statistical signal. (The statistical analysis
is then the statistical analysis of the mapping, not of the data). Rather, the responses must be
mapped into unit vectors. If, for a query with five response options, the chosen response is
‘B, say, thenthe vectoris (0 1 0 0 0)T.Ifarespondent identifies a pattern as random,
the response is (1  0)7, and if it is non-random, then the response is (0 1)”. The response
vectors are then concatenated; the resulting vector called a feature vector (Murphy, 2012).

A detailed example: If there are two responses to (biological) sex (F/M), six responses to
municipality (rural, small village, large village, small town, large town, city) and four to legal
partnership status (single, married, divorced, widowed), then the encoding of biological sex is
a vector in 2D, municipality is a vector in 6D, partnership status is a vector in 4D. The
concatenated vector will have 2 + 6 + 4 = 12 components, and only three of these will be
nonzero (1, in fact) and these nonzero components will not be in arbitrary positions. A person
may be female ((1 0)7), live in a large village (0 0 1 0 0 0)7), and be divorced

(0 0 1 O)T). Then the concatenated vector will be
1 000100000 1 0

Dimension-reduction of these feature vectors (one for each member in the survey) will be
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described in the next section. We note that the norm of the feature vector for n responses is

Vn.

4.3 Dimension Reduction and the Curse of Dimensionality

In any multivariate statistical analysis, one has a vector of realizations of many statistical
populations, one per component. They are very rarely the same for each vector component. As
an example, consider a field worker collecting the following data: (1) mass, (2) age, (3)
height, (4) biological sex, (5) gender identity, (6) characterization of municipality, (7) sexual
relationship, (8) citizenship, (9) voting choice, (10) emotional response to a political issue. Of
these 10 vector components, (1)—(3) are cardinal numbers, noting each of their distributions
are not normal (for mass, age, and height). The components (4)—(10) are categorical, which
can be encoded with ordinal numbers (but need not be: see below); their distributions are
Dirichlet distributions (or Beta distributions if the responses are binary). In this example, each
datum is a vector in 10D. The obvious goal of a researcher (for this data set, presumably a
polling analyst) is to characterize the data set with histograms (for cardinal numbers) and bar
charts (for ordinal numbers); such characterizations of a data set are (arguably: despicably)
called bean-counting.

Bean counting is useful (for the detection of data collection errors, for providing an overview,
and many other reasons), but certainly not more than the beginning of a statistical analysis.
Most obvious is the intent to determine possible relations among the components of the
vectors — this can be, and most often is, very difficult.

One reason for the difficulty is the curse of dimensionality. Every vector component of the
data set has a dispersion estimated by the variance. Any computation of variance is quadratic
in the variable values, so the variance can only increase with an increase in sample size and in
an increase in the number of variables being measured (or canvased, in the case of categorical
variables). This phenomenon is aptly called the curse of dimensionality. Part of the curse is
the difficult-to-interpret bean-counting graphs. The major part is, of course, the challenge of
detecting the signal buried by the variance.

The most modern method of extracting the (statistical) signal from a multi-dimensional data
set is the application of an autoencoder (Fig. 3-1), which is a special ANN (artificial neural
network).

4.4 Clustering Algorithms

The Fig. 4-1 shows the output of the result of a dimension-reduction with an autoencoder. The
dimension-reduced feature vectors (displayed as points in a plane, because the autoencoder
succeeded in dimension reduction to 2D) are not uniformly distributed. The

statistical/algorithmic challenge is to find clusters. The logic: if the points are not uniformly
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distributed, can one then find points that are closer (in some sense) or more related to some
other points, while at the same time not related to other points?

This question can be answered with clustering algorithms. These algorithms attempt to find
clusters; the user specifies the type of relatedness (such as Euclidean distance function or
connectivity or local point density). Most ‘useful’ (and preferred by statisticians) clustering
algorithms do not specify a priori the number of clusters the algorithm is to find. Clusters are
sometimes (especially in applications) called groups and the application of clustering

algorithms is sometimes called partitioning the data set.
tf;
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Figure 4-1 The distributions of clusters of the dimension-reduced feature vectors of the color boundaries
chosen by the participants (Prossinger et al., 2023). The clusters were found using the DBSCAN algorithm.

The dimension reduction achieved by the autoencoder need not be to 2D vectors. Fig. 4-2

shows an example where the dimension-reduced vectors are in 3D.

-15

Figure 4-2 The two clusters obtained after dimension-reducing the feature vectors using an autoencoder.
The points are the coordinates of the dimension-reduced feature vector of each participant’s responses to
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the Rationality queries together with the identification of a random or nonrandom distribution of squares.
The concave hull connects the points in each of the clusters. For Rationality, Cluster #2 has 39 points and
Cluster #1 has 174 points. (The results presented here are from the publication Boschetti et al., 2023b.)

Of the numerous clustering algorithms that have been developed in the recent past, here is a
list of many that are often used: (1) DBSCAN, (2) spectral, (3) Jarvis-Patrick,

(4) agglomeration, (5) spanning tree, (6) neighborhood contraction, (7) Jarvis-Patrick,

(8) Gaussian mixture, (9) K-Means, (10) K-Medoids, and (11) mean shift. The algorithms (9)
and (10) require a pre-specification of how many clusters are to be detected. They are to be
used only in very special circumstances, such as when preprocessing data for neural networks

used as classifiers or for SVM (support vector machine) applications.

4.5 Significance Tests using Probability Density Functions

In modern statistics, all classical, traditional hypothesis tests are to be avoided, as they
fallaciously claim to calculate the probability of a hypothesis’ validity (which, in fact, they do
not). These ‘classical’/outmoded tests violate Bayes’ theorem; the probability of a test
outcome is the probability of observing the data set, given the hypothesis and not the
probability of the hypothesis, let alone the probability of the hypothesis, given the data set.
Rigorous testing of significance is achieved by using probability density functions of
distributions. These distributions may be the hypotheses or may be — much more generally
— derived by exploratory means, such as the non-parametric kernels in KDEs (kernel density
estimations).

Here I show an application, which had been used in a publication in which I am a co-author
(Prossinger et al., 2023).

We use the clusters obtained after dimension reduction using an autoencoder (Chapter 3, Fig.
3-1). We use a triweight kernel for KDE. Fig. 4-3 shows a contour plot of the pdfs of the
chosen KDE (Prossinger et al., 2023).
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Figure 4-3 The projection of the contour plots of the likelihood surfaces obtained by the KDEs (each of the
three with a triweight kernel of the functional form % (1 — u?)?). Contours for each likelihood surface are

in steps of 1—15Lmax (the maximum likelihood) of the cluster). Some contours overlap.

We first show the likelihood surfaces in a 3D graph (Fig. 4-4, published in Prossinger et al.,
2023).

Cluster No.1

L

Figure 4-4 A 3D graph of the likelihood surfaces obtained by the KDEs (with the triweight kernels of the
functional form % (1 — u?)3). The likelihood surfaces are very broad for Cluster No.3 and very peaked for
Cluster No.1. Calculation of the confusion matrix will reveal whether the overlap is significant or not.

Given the overlap of the pdfs of the KDEs, (as in Fig. 4-3 and Fig. 4-4) we need to determine
the significance (whether the probability that the two distributions are indistinguishable is

sufficiently small). This significance is expressed in a confusion matrix.
We construct the confusion matrix to estimate the significance of the overlap. For each pair of

clusters (cluster, and clusterg), we compute the confusion matrix
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pdf(KDEclusterA)>pdf(KDEc1usterB) pdf(KDEclusterA)<pdf(KDEclusterB)

Ncluster 4 Ncluster 4
pdf(KDEclusterB)<pdf(KDEclusterA) pdf(KDEclusterB)>pdf(KDEclusterA)
Nclusterg Nclusterg

The off-diagonal matrix entries are the probabilities of confusion (hence the name of the

matrix). In this example, the overlap between Cluster #1 and Cluster #3, the confusion matrix
is (98.87 1.13
0 100

indeed partition the dimension-reduced feature vectors successfully (inferring: the clusters are
truly different).

)%. The overlap is insignificant and therefore the clustering algorithm did

4.6 Guessing and due-to-chance Issues

In many situations involving queries, a participant makes a decision or choice. The researcher
needs to consider the possibility that the participant is guessing. For example, if the query is
whether a pattern is perceived as random or non-random (Boschetti et al., 2023b), the
participant may not know whether it is or isn’t, guesses, and by chance responded correctly.
The method of estimating due-to-chance probabilities has been described in Boschetti et al.

(2023b, Appendix). Here we present this Appendix verbatim:

“We show a method of determining whether to sets of ratings are significantly different
with an example (Fig. A-1). The rating entries of the female raters for the male stimuli are
n, and the entries for the male raters for the male stimuli are n,; the Beta distribution is

Be(n,; + 1,n, + 1). The two boundaries E , uupper] of the HDI (Highest Density Interval)

are determined by pdf G) = pdf (Uypper). (Comment: solving for uypper requires

computing power.) The probability of HDI is determined by

Uupper

HDIprobabitity = f pdf(s) ds
1

2
Comment: this integral can be easily computed using the CDF (Cumulative distribution

function) of the Beta distribution: probability = CDF(Be(n1 +1,n, + 1),uupper) -
CDF(Be(n; +1,n, + 1),5).

Acoustic Modality of Neutral/Pleasure for Fm vs. Mm

pdf
8.0} :
]
A
1
fu 1 o
4.0f H
20} o
f 5
mode = 0.541
i
HDlggs, = 0.081

Figure A-1 A graph showing the method of determining the significance of the difference between
two ratings of the same modality by raters of different sex (female versus male) of the male stimuli.
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In this example, the analysis for the acoustic modality is shown, and the rating numbers of female and
male stimuli are the concentration parameters of the Beta distribution (each increased by +1). s is the
(Bayesian) probability. The mode of the distribution is shown, flanked by the upper and lower bounds
of HDIesoe. The dashed orange lines indicate the equal likelihoods. The area shaded in orange is the
probability that the mode is significant, in this case 100% — 60% = 40%. The mode is not
significantly different from %, and the ratings by the females and the males of the male stimuli is not

significantly different at the 5% significance level.

If the computed probability is less than 95%, then the significance level is greater than
5%. In this case, the deviation of the mode from % is insignificant and the differences in
ratings are insignificant. (In the example shown in Fig. A-1, the probability is 60%, the

significance level is therefore 40% and the observed difference in the ratings is
insignificant.”
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Chapter 5: Visual and acoustic Stimuli

5.1 Facial expressions

To study the human ability to correctly assess two ambiguous facial expressions, namely pain
and pleasure, we created our own set of stimuli, by depicting facial expressions of different
emotions and affective states. As mentioned above, the elaboration and the accuracy in the
rating of this type of stimuli can be affected by the spontaneity of the expressed emotion
(Abramson et al., 2017; McGettigan et al., 2015). For this very reason, we avoided the
development of the stimuli in laboratory conditions (by asking trained actors and actresses to
mimic the facial expression in an otherwise neutral context, as we elaborated in Chapter 2).
This would in principle be possible for both neutral facial expression and smile, but would
border on ethical acceptability in the case of pain and pleasure. Following other authors
(Fernandez-Dols at al., 2011; Aviezer et al., 2012; Wenzler et al., 2016) dealing with the same
issues, we decided to use audiovisual materials from which we could extrapolate via the
context what type of effect was experienced and therefore expressed (Boschetti et al., 2022).
Since the individual differences in facial expressivities of the expressers are crucial (but rarely
discussed in scientific literature), we specifically used materials where we could find all five
affective states that we wanted to test (pain, pleasure, fear, laugh, and neutral) being
expressed by the same person. We could meet the condition of ethological validity by using
frames from videos that depict consensual acts of extreme sexual activities (Prossinger et al.,
2021a; Boschetti et al., 2021; Prasova et al., 2020; Binter et al., 2020). This type of source can
be considered semi-naturalistic (Boschetti et al., 2022; Prossinger et al., 2021b): there is a
clear exposition of some intense situations that elicit those responses of the expressers that we
were looking for. Several such video materials were repeatedly re-viewed (literally!) by three
researchers (two males, one female) to find a total of 10 videos selected, five with female
expressers and five with male expressers. The selections were based upon the agreement of all
three researchers regarding the context that elicited the facial expressions and their
genuineness. The agreement was not based on the facial expressions (due to the ambiguous
nature of the facial expressions of pain and pleasure) but because the context was sufficient
for estimating the state.

The final set of stimuli consisted of 50 frames. From these frames, we extracted the facial
area and the simultaneous vocalizations described in detail below. The stimuli were scaled to
600x600 pixels and the use of triangulation between the tip of the nose and pupils ensured
that the proportions of the face on the screen were comparable among all stimuli. We also
ensured that no background was visible within the frames presented so as to avoid contextual

information (Boschetti et al., 2023c; Binter et al., 2023b; Boschetti et al., 2022; Prossinger et
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al., 2021b).

The final set of 50 stimuli was then pre-tested using an Al algorithm (described in detail
elsewhere in this thesis), to identify the differences between the individual facial expressions,
namely focusing on the pain and pleasure grimaces. The results of the pre-test study were
separately published by Prossinger et al. (2022a) and confirmed the presence of significant
differences between the expression of facial pain and pleasure expressions. For the rating of
these stimuli we adopted the use of the valence category instead of the emotional category: to
avoid biases related to the mental construct of the specific emotion and the labeling of the
emotions (discussed in the Chapter 2), we offered to the raters positive, neutral and negative
as possible rating options. Each of the raters was presented with the stimulus twice (Task 1
and Task 2) with the 50 stimuli in random order, to allow us to statistically estimate the
consistency of their ratings. The collected data was analyzed with Dirichlet distributions. The
mode has 3 components, each expressing the probability of the rating response. The closer the
mode component is to 1, the higher the probability of the correct rating. (In Bayesian
statistics, probability is a random continuous variable; therefore, component probabilities are
along the coordinate axes.)

The results (Boschetti et al., 2022) confirmed that, while low-intensity affective states
(laugh and neutral) are correctly and consistently assessed, high-intensity affective states are
assessed with low accuracy: the ratings of pain and pleasure are almost equally distributed
between positive and negative responses with very few neutral responses occurring. (It is
important to highlight that the Dirichlet distribution allows us to compute modes lying in a
triangular plane and therefore no numerical values between the positive and negative are the
probability of the neutral rating.) Furthermore, in the case of high-intensity affect expressions,
the ratings are observed to be consistent among raters — but they were due to chance. In other
words, the participants were guessing the valence of the stimulus; surprisingly, they were

doing so consistently.

5.2 Patterns

In order to study the phenomenon of illusionary visual pattern perception, we constructed our
stimuli set based on randomness (Boschetti et al., 2023a; Boschetti et al., 2023b). We
therefore could control for the presence/absence of a pattern. To ensure the absence of a
pattern (which, in this text, we henceforth label a random pattern) in the images we used of
multidimensional random number generator (specifically: an automaton) to produce maps of
randomly colored squares distributed randomly within a rectangle. Below (in an overlay
sense) these random colored patterns were colored, well-defined geometric figures, such as

circles or pentagons. By mathematically increasing the transparency of the overlaying random
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maps, the patterns (geometrical figures) emerged; they became more visible with increasing
transparency (Boschetti et al., 2023a). This method ensures a decrease in entropy as
transparency increases and the information available to the participant increases.

We created three sets of stimuli, each composed of three images in different conditions:
condition A (labeled No Pattern condition) in which the non-transparent random maps
covered the pattern, a condition B (labeled Partial condition) in which the transparency of the
random maps had been increased and the underlying figures were partially visible and a
condition C (labeled Reveal condition) in which the transparency of the random maps is
increased to a point that the geometrical figure is easily identifiable. The sequence of nine
images produced this way was presented to the participants in pseudo-random order (the
Reveal conditions were never presented in the beginning). The participants rated each of the
stimuli using a binary option (pattern is present or pattern is absent) using keyboard keys or
dedicated areas on the touch screen (Boschetti et al., 2023a).

We could differentiate between the subjects that perceived the pattern when none was
present (false positive error in condition No Pattern) and the subjects that do not perceive the
pattern when it was present (false negative error in Partial condition and Reveal condition).
Using this methodology, we were able to study not only the phenomena of pareidolia but also
its opposite: the condition in which the pattern is present but is not recognized; we call this
condition apoidolia (which differs from scotomization, which is described by clinicians as a
psychodynamic phenomenon).

For studying the relationship between individual differences in assessment and
personality we used standardized questionnaires (translations in the Appendix). We used (1)
the Coincidence Questionnaire (CQ; Bressan, 2002) to measure the experienced perceived
coincidence; (2) the Religion Commitment Inventory (RCI; Worthington et al., 2003) to
measure differences in the strength of religious beliefs; (3) the Illusory Beliefs Inventory (IBI;
Kingdon et al., 2012) to measure magical beliefs and spirituality and (4) the
Rational/Experiential Multimodal Inventory (REIm; Norris & Epstein, 2011) to measure
thinking styles.

We analyzed the Dirichlet distributions of the response distributions of each query (or
item) separately for participants that made a perceptual error in rating the stimuli (either false
positive or false negative based on the condition) and for participants that correctly identified
the stimulus. To test whether these distributions were significantly different between
participants who correctly identified the absence/presence of the pattern and
pareidolia/apoidolia participants, we constructed the confusion matrix of the Dirichlet
distribution. The details of this methodology are described in Chapter 3, Section 3.5.

This type of analysis, clearly showed that, of all the psychological variables that we
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tested with the questionnaires, the thinking style (Norris & Epstein, 2011) was significantly
different. Above 70% of the queries of each subscale (Rationality, Intuition, Imagination, and
Emotionality) have different Dirichlet distributions in participants that exhibited pareidolia or
apoidolia from the participants that correctly rated the stimulus. In a further study (Boschetti
et al, 2023b) we replaced the colored stimuli with black and white stimuli (similar to QR
codes) thereby maximizing the visual contrast in the elements of the stimulus. Also in this
case we were able to statistically control for the presence or absence of patterns in the images.
To minimize guessing, we presented each stimulus four times, with one spatial rotation and
two axis reflections so as to avoid any learning effect. Guessing in this context is known as
The Lady Tasting Tea Problem (Fisher, 1956): if a two-option challenge is presented to a

respondent, the chance of correct identification is %; this chance is far too high; if the

challenge is presented four times in random order, then chance of correct identification by

. .1 1 . . .
guessing is 7 = — ~6%. We did not repeat the presentations five times (then the chance of

guessing would be 2i5 = % ~3% — very much lower than the conventional 5% significance

level), because of possible uncontrollable effects due to the tiring of the participants. This is
an example of a classical trade-off between two effects: achieving a low significance level
versus the inability to maintain consistency in experimental repeats (as participants get tired,
they behave differently from when they were fresh). We used an Artificial Neural Network
(an autoencoder) to dimension-reduce the feature vector of the responses and then identified
clusters (details described in Chapter 3, Section 3.3). We found that the raters based on their
responses on thinking style (specifically the REIm subscales for Intuition and for Rationality,
separately) and their results of the pattern identification task. We identified two clusters for
each subscale, confirming the association between identification patterns and thinking style
(Boschetti et al., 2023b). From these results, it emerges that what is relevant in association
with the pattern perception is not the specific type of belief but the thinking style (i.e.

experiential vs rational), which may function as a substrate for a specific type of belief.

5.3 Auditory stimuli: vocalizations

As mentioned above, not only facial expressions, but also vocalizations of affective states
were presented; we anticipated it to be subject to the emotion intensity paradox (Holz et al.,
2021): the more intense the vocalizations, the more difficult it is to correctly assess the
valence. From a theoretical perspective, the acoustic stimulus may function primarily to gain
attention; this has been previously found when comparing screams (intense emotional
vocalizations) with regular speech in the context of accuracy and rapidity of localization
(Amal et al., 2015). Since the intensity of the experience is very high, we can assume that the

situation that evokes the vocalization is rich in contextual information about the valence
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(positive or negative), the aim of the vocalizations would be to capture and orient the attention
of those observing (i.e. the receivers) towards the expresser and towards the context.

To investigate the assessment of vocalization of affective states, we used the same
methodology as for the study of facial expressions (Boschetti et al., 2022; Binter et al., 2023a)
the raters assessed the valence (positive, neutral, and negative) of 50 stimuli (10 for each
vocalization: laugh, neutral, fear, pain, pleasure) twice (Task 1 and Task 2). The possible
response options for the ratings were positive, neutral and negative. We could not pre-test the
stimuli in this case because the algorithms for such tasks have yet to be developed. However,
the vocalizations were simultaneous with the pre-tested facial expressions. Our assumption is
that, just as the facial expression are distinguishable, in the same way the simultaneous
vocalizations resemble the state the expresser finds himselt/herself in. For the accuracy of the
assessment, we obtained similar results as for the facial expressions: while vocalization of
affective states with low intensity where rated with above 85% of correct responses, the high-
arousal affective states were not correctly identified. In contrast to the results we obtained for
facial expressions, the due-to-chance probability for none of the ratings for vocalizations was
due to chance (Binter et al., 2023a). This infers that the raters were convinced of their
assessment (they not guessing) even when the assessment was wrong.

Furthermore, we tested the consistency of the ratings (between Task 1 and Task 2).
Surprisingly participants were not consistent in their rating. Taken together, these results
showed a very interesting outcome: even if the raters were rating the high arousal
vocalizations with low assessment accuracy, they were not guessing, but in this case they
were not consistent in their ratings either. They were making a different mistake when
providing a rating during Task 2 (this possibility is due to the fact that they could choose
among three options — negative, neutral, and positive), and in both tasks cases they were

convinced of the option they chose.

5.4 Multimodal: visual and auditory stimuli

To investigate how the assessment of ambiguous displays can benefit from multimodal
redundancy of information and also whether they are affected by sensory cross-talk, we
presented our raters the facial expression together with the vocalizations of the affective states
(Boschetti et al., 2023c¢; Binter et al., 2023a).

As had been mentioned previously, when raters assessed the valence (positive, negative,
or neutral) of the visual stimulus (facial expression) and the auditory stimulus (the
vocalizations) separately, they were not accurate and, in the case of facial expressions, the
results were due to chance while in the case of vocalizations, the raters were not guessing.

To test the effect of redundancy in assessment accuracy in the congruent condition
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(pleasure visually and acoustically, say) we constructed multimodal stimuli in which the
visual and auditory signals are congruent with each other and, therefore, they carry redundant
information regarding the same affective states (Binter et al., 2023a). We presented the
bimodal stimuli of two affective states with low intensity (neutral and smile/laugh) and two
with high intensity (pain and pleasure). Surprisingly we did not find any improvement in the
correctness of the assessment.

Neutral and smile/laugh were rated with very high accuracy, and pain and pleasure with
very low accuracy; these are the same results we found for the facial expression and
vocalization when presented separately. However, the raters’ convictions and their beliefs in
their assessments changed: compared to the situation when the participants were presented
only with the visual stimuli, the results were not due to chance (for two specific cases:
females rating female pleasure stimuli and males rating male pleasure stimuli; in these cases,
the ratings were due to guessing). In the cases of congruent modality, the redundancy of
information carried by different modalities did not improve the accuracy of the ratings, but it
did change the level of confidence that the raters had in their ratings. Generally, they were
more confident than when rating only the facial expression but less confident than when
rating only the vocalizations (Binter et al., 2023a). This should be taken into account when
complex stimuli are constructed.

To investigate the cross-talk between modalities of ambiguous stimuli, we constructed
incongruent multimodal stimuli (Boschetti et al., 2023a) in which the facial expressions of
three affective states (pain, pleasure, and neutral) were paired with unmatched vocalizations
(i.e. the facial expression of pleasure with the vocalization of pain); there are six such
pairings. These types of stimuli do not occur naturally; they therefore lack ecological validity.
Nonetheless, they can bring insight into how the signal carried by one sensory modality
interferes with the signal carried by the other modality when both are experienced
simultaneously. Also, it is important to consider the amount of audio-visual media the
individuals are exposed to every day, where such options are certainly available (and used).

It is important to point out that it is impossible for a rater to rate both presented
modalities correctly (since the visual and acoustic stimulus carried information from
contradicting affective states). However, in the case of cross-talk, could rate both incorrectly
(because a third choice existed: if, for example, the correct visual stimulus was negative and
the correct acoustic stimulus was neutral, the rater could still choose the response option
neutral).

In our results show that the acoustic modality is — again — more reliable and, with the
exception of two incongruent combinations, the information gathered through this modality

suppressed the visual information (Boschetti et al., 2023c). These results are not surprising if
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we consider that vocalization, compared to facial expression, is not rated due to chance. This
conviction in the assessment of vocalization may manifest itself for incongruent bimodal
stimuli by suppressing the information from the visual signal. The only case in which we
observed the converse is when the visual stimulus was depicting pleasure and was combined
with the vocalization of pain; in this case, the stimulus was rated as positive (indicating that
the visual stimulus overrode the acoustic one).

In disagreement with the published studies, we found evidence of sensory cross-talk only
in one case: when the visual stimulus depicting a neutral expression is paired with a
vocalization of pleasure. In this case, none of the signals (visual or auditory) were suppressed
but the two interfered with each other; the resulting rating did not match either of the

modalities.

5.5 Embodied stimulation: effect of the arousal of the rater

A factor that can influence the perception of the stimuli is the inner state of the rater. This
factor is specifically important when highly arousing stimuli are studied. In real life situations,
the subject rarely stays calm when encountering highly arousing situations (i.e. winning or
losing a potential sexual interaction) and this is in marked contrast to common rating
assessment tasks in a research context (often conducted in a laboratory).

These situations may involve emotional coupling and affect mirroring and cause a
dynamic attribution process (Hasson & Frith, 2016). Indeed, the state of the raters was
previously shown to affect the perception of the expresser, especially concerning the
assessment of arousal and valence (Pell, 2005). The concept of arousal is functionally related
to the sympathetic nervous system (Dawson et al., 2000), which is responsible for mobilizing
the organism’s resources to meet internal physiological demands as well as those of the
external environment (Salvia et al., 2012). To manipulate this variable, in previous studies the
stress was induced by exposure to heights and situations wherein participants expected an
electrical shock.

A modern, more ethical, yet equally reliable, alternative to increase physiological arousal
is the Cold Pressor Task (CPT; Bullinger et al., 1984; Binter et al., 2022a). It consists of
immersing a subject’s extremity (usually the foot) into ice water for a specified period of time
(Mitchell et al., 2004). We adopted this procedure to increase the arousal in one group of
raters (labeled the experimental group); their lower right limb (the crus) was immersed in cold
water (2—4 °C) for 1’2 minutes (Binter et al., 2023a; Boschetti et al., 2022; Binter et al.,
2022a). In contrast, the control group’s lower right leg was immersed in water at room
temperature. After this procedure, the raters took part in the same process of assessment of

facial expressions and vocalizations as previously described. We did not repeat the ratings
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twice because the CPT impact on the cortisol release is most effective in the first 20 minutes
after the immersion and repeating the ratings scenario would take longer than that.

For facial expressions (Boschetti et al., 2022), our results show a significant increase in
accuracy (a shift towards a more positive rating) in the case of laughter and pleasure but only
for images depicting male expressers. For vocalizations (Binter et al., 2023a), we found a very
different result: the probability of correct attribution significantly decreased in the stressed
group for laugh and for neutral but also in this case only for male expressers’ vocalizations.

These results show that there is a significant effect of increasing the raters’ arousal in the
assessment but this effect is not generalizable. It did not affect the assessment for all of the
stimuli (it depended on the sex of the expresser and the specific affective state) and it affected
the visual and auditory modality differently. The results we have published open the
possibility of proposing novel hypotheses, which can then be studied in suitably designed test

situations. We can assume that a better description of the mechanism will become possible.
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Chapter 6: Implications for Applications

There are potential applications for algorithms employing feature vector extraction: as shown
in this thesis, these algorithms can distinguish between the facial expressions. One
application: they can be applied to both online videos and to surveillance camera videos with
the intent to spot facial expressions of those in danger or injured or otherwise at risk of harm.

The findings related to the assessment of facial expressions and vocalizations of pain and
pleasure have two different, yet parallel, implications based on their source — the real world
on the one hand and audiovisual media on the other.

While interacting with others in the real-world, the information gathered from facial and
vocal displays is obviously insufficient for making an appropriate decision. Another
application: specifically, in case of sexual intercourse, the correct assessment of pain and
pleasure is — arguably — very important. In this situation, the contextual cues that elicit the
affective state are insufficient to distinguish between the two: the same activity can indeed
elicit both. Furthermore, other nonverbal behaviors, such as body posture, could serve as
additional cues to disambiguate the facial/vocal displays. Arguably, the person’s perceptions
are limited to facial expression and the vocalization. Therefore, rarely are other nonverbal
cues taken into consideration when assessing the partner’s affective state. Verbal
communication concerning the experienced affective states should then be preferred in
moments of doubt. Additionally, the current evaluative methods used by sexologist to assess
sexual aggressiveness are mainly focused on the visual stimulation, while it would be
beneficial to also include evaluations based on vocalizations.

Third application: how pattern perception relates to individual differences in rationality
and intuition brings novel insight into the study of individuals’ perceptions. Pattern perception
tests can also be applied as an uncomplicated and nonetheless interesting method to uncover

such personality traits. Doubtless, further research is to be conducted.
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Chapter 7: Conclusion

Humans are sometimes referred to as pattern-seeking animals. Based on our perception of
patterns in our environment, we can extract information, help contribute to our survival and
usually benefit from our actions. The decisions we make every day are based on innate
mechanisms, development stages, long-term experiences, personality, individual differences,
and momentary disposition (emotional, physiological, mental, etc.).

Rather than using pre-tested database stimuli, all stimuli I used were generated either by
computer graphics tools or by extracting facial expressions and vocalizations from freely
available online videos. In both cases, I could avoid criticisms regarding lack of ecological
validity. Our mutual interaction with others in society depends on our ability to assess their
affective state, more often than not based on their affective displays. Specifically, it is
important to be able to assess the highly-intensive ones. Research suggests that the accuracy
of assessment is low, due to intensity paradox. Pre-testing using human raters is therefore in
vain. As a consequence, I applied novel feature extracting algorithms that are more reliable
for these types of stimuli than conventionally used FACS models.

As expressly pointed out in the title of this thesis, it addresses the issue of uncertainty
entailed in human perception. I discovered that the use of objectively generated patterns
permits a method of quantifying (with Al and clustering algorithms) the magnitude of
uncertainty. Future investigations can now focus how the interplay of signal corruption and
the intensity paradox leads to heretofore unexpected insights — whatever they will be.

The stimuli were presented to a large, international sample of participants who rated the
stimuli repeatedly using a categorical rating procedure that is simple and reliable and avoids
all the fallacious pitfalls of Likert-type-scale uses that had already been criticized by
previous researchers.

By using a Bayesian statistical approach, specifically Beta and Dirichlet distributions,
to derive the off-diagonal elements of confusion matrix (in order to determine significance),
I was able to prove the influence of thinking style on visual pattern perception. Also, while
studying the influence of the intensity of the affective state of the expresser on the ability to
assess the valence of the expression by the rater, I was able to show that ambiguous facial
expressions, and accompanying vocalizations, of high-intensity affects (pain, pleasure) were
rated with a low probability of correct response. Furthermore, through the application of
due-to-chance analysis, I could determine the probability that the participants were guessing:
for the visual stimuli this probability was high, as opposed to the auditory stimuli, in which
case the probability was low.

Application of the Cold Pressor Task allowed me to study the shifts of ratings of the
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facial expression and the vocalizations when the raters themselves are in a high arousal
condition. Interestingly, all shifts occurred only for male stimuli.

I found that, in the congruent modalities condition, the probability of correct ratings of
the highly intensive displays did not increase. But only when males assessed female stimuli
and females assessed male stimuli of pleasure were the ratings due to chance.

In the incongruent condition (in which no correct rating can exist) I found that, for most
of the pairings, the ratings of the acoustic modality predominated over the visual one —
which is a further, perhaps unexpected, contribution to current scientific knowledge.

Several novelties were included in my research: the greater rigor of stimuli preparation,
state-of-the-art statistics of rating procedures evaluations, and outcome interpretations
involving significance tests using confusion matrices. In my thesis, I opted for a
multidisciplinary approach connecting evolutionary, biological, psychological, and
ethological approaches with those of the physical sciences and of mathematical statistics
(not only, but also involving the use of Artificial Intelligence).

I expect that these outcomes will contribute to future researchers adopting these

methods (both theoretical and experimental) in their scientific practice.
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Appendix: Translations of Questionnaires

I would like to thank for the collaboration in the translation of the questionaires: Martin Hila,
Robin Kopecky, Jelena Ptiplatova, Jakub Binter, Tomas Hladky, Filippo Talia and Lorenzo

Bazzoni.

Italian translation of Religious Commitment Inventory-10

Worthington Jr, E. L., Wade, N. G., Hight, T. L., Ripley, J. S., McCullough, M. E., Berry, J.
W., & O'Connor, L. (2003). The Religious Commitment Inventory-10: Development,

refinement, and validation of a brief scale for research and counseling. Journal of counseling
psychology, 50(1), 84.

Ogni voce ¢ valutata come segue: 1 =non ¢ assolutamente vero per me, 2 = ¢ un po' vero per

me, 3 = moderatamente vero per me, 4 = per lo piu vero per me, o 5 = totalmente vero per me.

1. Leggo spesso libri e riviste riguardo la mia fede.

2. Faccio delle offerte economiche alla mia organizzazione religiosa.

3. Investo del tempo cercando di comprendere piu a fondo la mia fede.

4. La religione ¢ particolarmente importante per me perché risponde a diverse domande

riguardo al significato della vita.

5. Le mie credenze religiose sono cio che sta dietro al mio approccio alla vita.

6. Mi piace passare del tempo con altri membri della mia organizzazione religiosa.
7. Le mie credenze religiose influenzano tutti 1 rapporti della mia vita.

8. E' importante per me passare dei periodi di tempo in riflessioni religiose private.
9. Mi piace lavorare nelle attivita della mia comunita religiose.

10.  Mi mantengo ben informato sul mio gruppo religioso locale e ho una certa influenza

nelle sue decisioni.
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Czech translation of Religious Commitment Inventory-10

Worthington Jr, E. L., Wade, N. G., Hight, T. L., Ripley, J. S., McCullough, M. E., Berry, J.

W., & O'Connor, L. (2003). The Religious Commitment Inventory-10: Development,

refinement, and validation of a brief scale for research and counseling. Journal of counseling

psychology, 50(1), 84.

KaZzda otdzka je hodnocena na nasledujici skale: 1 = viibec pro mé& neplati, 2 = trochu pro mé

plati, 3 = stfedn¢ pro mé plati, 4 = spiSe pro m¢ plati, 5 = naprosto pro mé plati.

1. Casto ¢tu knihy a Gasopisy, které se zabyvaji mou virou.

2. Finan¢né piispivam na fungovani své cirkevni organizace.

3. Vénuji ¢as snaham o prohloubeni porozuméni mé vire.

4. Nébozenstvi je pro mne velmi dilezité, protoze dava odpovéd na mnoho otazek

tykajicich se smyslu zivota.

5. Nabozenské postoje urc¢uji mij celkovy piistup k zivotu.

6. Rad/a travim cas slidmi, se kterymi sdilim svou viru.

7. Ma vira ovliviiuje vSechna mazivotni rozhodnuti.

8. Je pro mne dtilezité travit chvile vlastnim rozjimanim a reflektovanim nédbozenskych
myslenek.

9. Réd/a se podilim na aktivitach své ndbozenské organizace.

10.  Vim hodné o své mistni nabozenské komunité a mam urcity vliv na rozhodnuti, ktera

déla.

Italian translation of Questionnaire on Coincidence

Bressan, P. (2002). The connection between random sequences, everyday coincidences, and

belief in the paranormal. Applied Cognitive Psychology: The Olfficial Journal of the Society

for Applied Research in Memory and Cognition, 16(1), 17-34.
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In generale quanto spesso ti capita di imbatterti in curiose o significative coincidenze?

Per favore indicare in una scala da 1 a 5, dove 1=mai, 2=una o due volte, 3=qualche volta,

4=molte volte, S=molto spesso

1) Ci sono molti tipi di coincidenze. Quanto spesso ti € capitato di vivere una coincidenza in

ognuna delle seguenti categorie?

(a) Una serie di nomi, numeri o eventi dello stesso tipo (come incorrere ripetutamente in

poche ore in una parola mai sentita prima) /7,2,3,4,5]/

(b) Associazioni spontanee (come pensare a una persona € incontrarla inaspettatamente poco
dopo) /1,2,3,4,5]

(¢) “Il mondo ¢ piccolo” (come incontrare una persona che non si vede da molto tempo in
un posto improbabile) /1,2,3,4,5]

(d) Percezione di qualcosa di fisicamente lontano (come preoccuparsi per una persona

nell’esatto momento in cui sta avendo un incidente) //,2,3,4,5]

(e) Percezione di qualcosa distante nel tempo (come fare un sogno che poi diventa realta)
[1,2,3,4,5]

(f) Soluzione inaspettata di un problema (come incontrare un amico che vuole vendere il suo

computer quando tu ne stai cercando uno) /1,2,3,4,5]

(g) “Angelo custode” (come non arrivare in tempo a un colloquio per poi scoprire che ¢ stato
meglio cosi, perché si ha un’occasione migliore che altrimenti si sarebbe persa)
[1,2,3,4,5]

2) Pensi che le coincidenze siano dovute a:
(a) Puro caso /Si, no, non soj
(b) Destino /Si, no, non soj
(¢) Intervento divino /Si, no, non so]
(d) Percezione extra sensoriale /S, no, non soj
(e) Intuizione (Presentimento) /Si, no, non soj
(f) Un principio fisico non ancora scoperto dalla scienza /Si, no, non soj

(g) I fatto che tutto sia connesso nell’universo /Si, no, non soj
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Czech translation of Questionnaire on Coincidence

Bressan, P. (2002). The connection between random sequences, everyday coincidences, and
belief in the paranormal. Applied Cognitive Psychology: The Olfficial Journal of the Society
for Applied Research in Memory and Cognition, 16(1), 17-34.

Jak Casto se Vam stava, Ze se v bézném zivoté, setkavate se zvlastni nebo smysluplnou

nahodou?

Prosim oznacte, jak Casto se Vam stavaji nasledujici situace na Skale, kde 1= nikdy, 2=jednou

¢i dvakrat, 3= nékolikrat 4= Casto, 5=velmi Casto

1) Souhra nahod muiZe nastat v riznych situacich. Jak Casto jste zazili takovou souhru nahod v
kazdé z nasledujicich kategorii?

(a) Po sob¢ jdouci fady nebo shluky jmen, ¢isel ¢i udalosti stejného druhu (napiiklad to, kdyz se
setkate opakovan¢ se slovem, které jste nikdy pfedtim neslysSeli, s odstupem nékolika malo
hodin). /1,2,3,4,5]

(b) Spontanni asociace (napiiklad to, Ze na n¢koho ¢i néco myslite a brzy na tuto véc ¢i Cloveka
necekané narazite). [1,2,3,4,5]

(c) Zazitky ,,malého svéta“ (napiiklad to, Ze se setkate s osobou, kterou ¢loveék dlouho nevidél na
n&jakém velmi nepravdépodobném mist¢). /1,2,3,4,5/

(d) Vjemy néfeho vzdaleného ve vesmiru (naptiklad to, Ze se strachujete o nékoho, komu se ve
stejny Cas, na jiném misté, stala nehoda). /1,2,3,4,5]/

(e) Vjemy néceho vzdaleného v Case (napriklad to, Ze néco prozijete ve snu, a nasledné se to samé
stane ve skutecnosti). [1,2,3,4,5]

(f) Neocekavané tfeSeni problému (napiiklad to, Ze se setkate s pritelem, ktery chce prodat svij
pocita¢ presné v okamziku, kdy vy pocita¢ shanite). /1,2,3,4,5]

(g) Fenomén ,,And¢la strazného* (naptiklad to, ze zmeskate pracovni pohovor a pak zjistite, ze to

bylo lepsi, protoze dostanete mnohem lepsi nabidku, kterou byste jinak zmeskali). /1,2,3,4,5]

2) Myslite si, ze takové souhry okolnosti / smysluplné ndhody jsou dilem:
a) Uplné nahody [4no, Ne, Nevim]

b) Osudu [Ano, Ne, Nevim]
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g)

Vyss§i moci [Ano, Ne, Nevim]

Mimo-smyslového vnimani [4no, Ne, Nevim]

Intuice [Ano, Ne, Nevim]

Fyzikalniho principu dosud neobjeveného védou [4no, Ne, Nevim]

Skutecnosti, ze vSe souvisi se v§im ostatnim ve vesmiru /4no, Ne, Nevim]

Italian translation of Illusory Beliefs Inventory

Kingdon, B. L., Egan, S. J., & Rees, C. S. (2012). The Illusory Beliefs Inventory: A new

measure of magical thinking and its relationship with obsessive compulsive disorder.

Behavioural and Cognitive Psychotherapy 40.1, 39-53.

Le voci sono valutate su una scala di 5 punti, da 1 (fortemente in disaccordo) a 5 (fortemente

d'accordo).

10.
11.
12.
13.
14.

Uso la preghiera per allontanare la sfortuna.

A volte ho cambiato 1 miei piani perché avevo un brutto presentimento.
L'anima non continua ad esistere dopo la morte

Credo nella magia.

A volte eseguo dei particolari rituali di protezione.

Se penso troppo a qualcosa di brutto, allora succedera.

Le forze magiche hanno avuto un impatto sulla mia vita.

E' solo questione di tempo prima che la scienza possa spiegare tutto
Faccio qualcosa di particolare per prevenire la sfortuna.

A volte ho la sensazione che possa succedere qualcosa, prima che questa accada.
Non ¢ possibile lanciare un incantesimo.

La magia fa si che 1 miracoli accadano.

La vita non ¢ altro che una serie di avvenimenti casuali.

I portafortuna non funzionano.
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15.
16.
17.
18.
19.
20.
21.
22.
23.

24.

Se penso troppo a qualcosa, allora accadra.

Evito i numeri sfortunati.

La maggior parte delle cose che ci succedono sono il risultato del destino.
Credo che gli angeli custodi o altre entita spirituali mi proteggano.

La scienza ¢ la chiave per comprendere come accadono le cose.

Anche solo 1 miei pensieri possono alterare la realta.

C'¢ una forza invisibile che ci guida tutti.

Non si dovrebbe mai mettere alla prova il destino.

Non credo in una presenza spirituale.

Credo in una forza superiore o in Dio.

Czech translation of Illusory Beliefs Inventory

Kingdon, B. L., Egan, S. J., & Rees, C. S. (2012). The Illusory Beliefs Inventory: A new

measure of magical thinking and its relationship with obsessive compulsive disorder.

Behavioural and Cognitive Psychotherapy 40.1, 39-53.

from 1 (Naprosto nesouhlasim) to 5 (Naprosto souhlasim)

Pouzivam modlitbu abych odehnal/a neStésti.

Obcas jsem uz zmeénil/a své plany, protoze jsem mél/a Spatny pocit.
Po smrti duse nepokracuje v existenci.

Véfim v magii.

Obcas provadim zvlastni ritudly pro ochranu.

Kdyz pftili§ pfemyslim o né€em Spatném, stane se to.

Magicke sily mély nékdy dopad na mij Zivot.

Je jen otazkou Casu, nez véda dokéze vSe vysvétlit.

Délam néco zvlastniho, abych piedesel/piedesla smile.
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10.  Obcas ziskam pocit, Ze se néco stane jesté predtim, nez se to stane.
11.  Neni mozné seslat kouzlo.

12.  Kouzla zptsobuji, ze se d¢ji zazraky.

13.  Zivot neni vic nez fada nahodnych udéalosti.

14.  Talismany pro §tésti nefunguji.

15.  Kdyz piili§ premyslim o né¢em Spatném, stane se to.

16.  Vyhybam se nestastnym c¢islim

17.  Vétsina véci, které se nam d¢ji, jsou vysledkem osudu.

18.  V¢éfim, ze mé ochranuji strazni andélé nebo jiné duchovni sily
19. Véda je klicem k porozumeéni, jak se véci déji.

20.  Samotné mé myslenky mohou pozménit skute¢nost.

21.  VsSechny nés provazi neviditelna sila.

22.  Nikdy bys nemél/a pokouset osud.

23.  Nevéfim v duchovni pfitomnost

24.  V¢fim ve vyssi silu Boha.

Italian translation of CREDs Exposure Scale

Lanman, J. A., & Buhrmester, M. D. (2017). Religious actions speak louder than words:
Exposure to credibility-enhancing displays predicts theism. Religion, Brain & Behavior, 7(1),
3-16.

Istruzioni: le seguenti domande riguardano le esperienze relative alla religione durante la tua
crescita. Nello specifico, le domande riguardano le tue percezioni sui tuoi genitori o le
principali figure di accudimento (come ad esempio tutori o parenti). Rispondi a ciascuna delle
domande secondo la tua impressione complessiva sui tuoi genitori (o principali figure di

accudimento), usando la seguente scala:

1234567 (from “in nessun modo” to “in misura estrema”)
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l. In quale misura i tuoi genitori partecipavano a incontri e funzioni religiose?
2. In quale misura i tuoi genitori si impegnavano in attivita di volontariato o beneficenza?

3. Complessivamente, in quale misura i tuoi genitori si comportavano come dei buoni

modelli religiosi di riferimento?

4. Complessivamente, in quale misura i tuoi genitori facevano dei sacrifici personali per

la religione?

5. In quale misura i tuoi genitori si comportavano onestamente con gli altri perché glielo

insegnava la loro religione?
6. In quale misura i tuoi genitori vivevano una vita religiosamente pura?

7. In quale misura i tuoi genitori evitavano di far del male agli altri perché glielo

insegnava la loro religione?

Czech translation of Rational/Experiential Multimodal Inventory

Norris, P., & Epstein, S. (2011). An experiential thinking style: Its facets and relations with

objective and subjective criterion measures. Journal of personality, 79(5), 1043-1080.

from 1 (Naprosto nesouhlasim) to 5 (Naprosto souhlasim)

1. Uzivam si problémy, které vyzaduji usilovné premysleni.
2. Nejsem moc dobry/dobra v feSeni problémti vyzadujicich opatrnou logickou analyzu.
3. Uzivam si intelektudlni vyzvy.

4. Preferuji komplexni problémy pied jednoduchymi.

5. Jsem nerad/a, kdyz musim moc pfemyslet.

6. Reseni véci opatrnym uvazovanim neni mou silnou strankou.

7. Nejsem pfili§ analyticky myslitel

8. Snazim se vyhybat situacim, které vyzaduji o nécem piemyslet do hloubky.

9. Ptichazim na véci logicky mnohem Iépe nez vétSina lidi.
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10.
11.
12.
13.
14.
15.

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

30.
31.

32.

33.
34.

Mam logickou mysl.

Pouzivani logiky obvykle dobie funguje pfi feSeni problémil v mém zivoté.

Znat odpoved’ bez porozuméni jejiho ditvodu mi staci.

Uzivam si ¢etbu véci, které vyvolavaji vizualni obrazy

Uzivam si predstavovani si véci

Umim si jasné predstavit nebo zapamatovat sochu nebo ptirodni objekt (nezivy), o
kterém si myslim, Ze je velmi krasny

Siln€ se ztotoziuji s postavami ve filmech nebo v knihach, které ¢tu.

Mam sklony popisovat véci pomoci obrazii nebo metafor ¢i kreativnich pfirovnani.
Uméni je pro me¢ opravdu dilezité.

Obcas rad/a jen necinné sedim a pozoruji déni

Maém oblibené basné a obrazy, které pro m¢ hodn¢ znamenaji.

Kdyz n€kam cestuji nebo tidim, vzdycky pozoruji krajinu a scenérii.

Témét nikdy nepfemyslim v obrazech

Na mych emocich v mém Zivoté pftili$ nezalezi.

Emoce opravdu moc neznamenaji: ptichazeji a odchazeji

Kdyz méam silny emocionalni zazitek, jeho efekt ve mné ztistane na dlouhou dobu.
Kdyz jsem smutny/smutna, je to ¢asto velmi silny pocit.

Véci, které ve m€ vyvolavaji emoce, na ostatni ziejmé tolik neptisobi.

Kazdodenni zazitky ve mn¢ ¢asto vyvolavaji silné pocity.

Radéji bych byl/a ob¢as naStvany/nastvana a obcas Stastny/Stastnd, nez abych se

neustale citil/a klidné.
Na désivé filmy nebo knihy nereaguji tak emocionaln¢ jako vétSina lidi.
Mij hnév je Casto velmi intenzivni.

Kdyz jsem S$tastny/St’astnd, je to obvykle spiSe pocit spokojenosti nez rozjafenosti nebo

vzruSeni.
Rad/a se spoléham na sv¢ intuitivni dojmy.

Casto se fidim svymi instinkty, kdyZ se rozhoduji o n&jakém postupu.
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35.
36.
37.
38.
39.
40.
41.

42.

Czech translation of Behavioral Inhibition System/Behavioral Activation System Scales

Nemyslim si, ze je dobry napad spoléhat se pti dilezitych rozhodnutich na intuici.
Véfim svym prvotnim pocitim z lidi.

Mam sklony pouzivat své srdce jako privodce mych ¢ind.

Uzivam si u€eni skrze délani néceho, misto toho abych to nejdiiv vymyslel/a.
Casto poznam, jak se lidé citi, aniz by museli cokoliv fict.

Obecné se nespoléham na své pocity, aby mi pomohly ucinit rozhodnuti.

Popis zazitki opravdovych lidi je pro mé presvédcivejsi nez diskuse o “faktech”.

Nejsem moc spontanni ¢lovek.

Carver, C. S., & White, T. L. (1994). Behavioral inhibition, behavioral activation, and

affective responses to impending reward and punishment: the BIS/BAS scales. Journal of

personality and social psychology, 67(2), 319.

10.
11.
12.

13.

vvvvvv

I kdyZ se mi ma stat néco zlého, malo kdy zazivam strach nebo nervozitu.
Délam, co mizu, abych dosahl/a po ¢em touzim.

KdyzZ se mi v nécem daii, rad/a v tom pokracuji.

Jsem vzdy ochotny/4 vyzkouSet néco nového, kdyz si myslim, ze to bude zabava.
Je pro mne dillezité, jak se oblékam.

Kdyz ziskam néco, co jsem chtél/a, citim se vzruseny/a, nabuzeny/a.
Kdyz mé n¢kdo zkritizuje nebo napomene, znacn¢ se me to dotkne.

KdyzZ néco chci, obvykle do toho ddm vSechno.

Casto délam véci jen pro to, Ze by to mohla byt zabava.

Je pro mée t&€zké najit si Cas na véci, jako je navstéva holice/kadetnice.
Kdyz vidim Sanci ziskat néco, co chci, hned se do toho pustim.

Citim se docela ustaran¢ nebo znepokojené, kdyz si myslim, nebo vim, Ze se na m¢

nekdo zlobi.
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14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

Kdyz vidim pfilezitost ziskat néco, co se mi libi, hned se nadchnu.

Casto délam véci z popudu a bez piemysleni.

Kdyz si myslim, Ze se stane néco nepiijemného, obvykle jsem "jako na trni".

Casto uvazuji nad tim, pro¢ se lidé chovaji tak, jak se chovaji.

Kdyz se mi stane néco dobrého, silné to prozivam.

Kdyz si myslim, ze se mi nepovedlo néco dilezitého, citim se ustarané.
Touzim po vzruseni a novych prozitcich.

KdyZ o néco usiluji, neohlizim se na pravidla, jdu do toho bez zabran.
Ve srovnani s mymi pfateli mam jen velmi malo obav.

Vyhra v soutézi by ve mn¢ vyvolala vzruseni.

Maém obavy, ze udélam néco Spatné.

Czech translation of Sexual Inhibition and Excitation Scales

Carpenter, D., Janssen, E., Graham, C., Vorst, H., & Wicherts, J. (2011). Sexual

Inhibition/sexual excitation scales-short form. Handbook of sexuality-related measures, 236-

239.

KdyZ se mé¢ nahodné dotkne pro mé sexualné pfitazlivy neznamy ¢lovek, snadno se

sexualné vzrusSim.

Pravdépodobné nedosahnu silného vzruseni, kdyzZ mam sex nékde venku na skrytém

misté a myslim si, ze nékdo muze byt nablizku.

Sexudln¢ se vzrusim, kdyz telefonuji s nékym, kdo ma sexy hlas.

Nemohu se sexualné vzrusit, pokud se nesoustiedim vyhradné na sexualni drazdéni.

Kdyz jsem sdm/sama a masturbuji, ale uvédomim si, ze nékdo mtize kazdou chvili vejit

do mistnosti, mé sexualni vzruSeni opadne.

Kdyz si uvédomim riziko ndkazy sexualn¢ prenosnou chorobou, je nepravdépodobné,

ze zustanu sexualné vzruseny/a.
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10.
11.

12.

13.

14.

Pokud by mé pii sexudlnich aktivitich mohl n¢kdo vidét, je nepravdépodobné, ze

zlustanu sexualné vzruseny/a.
Je pro mne snadné se vzrusit, kdyZ myslim na velmi atraktivni osobu.

Pokud dosahnu sexuélniho vzruseni (u muzii - mam erekci), chei co nejdiive pohlavni

styk, nez moje vzruseni opadne.
Kdyz za¢nu mit sexualni pfedstavy, velmi snadno se vzrusim.

Videét jiné lidi pii sexudlnich aktivitdich ve mné budi touhu se sexualnim aktivitdm

vénovat také.
KdyZz mam rusivé myslenky, mé sexualni vzruseni snadno opadne.

Kdyz mé vyrusi hudba, televize, nebo rozhovor, je nepravdépodobné, ze budu i nadale

sexualn¢ vzruSeny/a.

Kdyz se mnou flirtuje n¢kdo ptitazlivy, snadno se sexualné vzrusim.
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Scientific Output

Chronological list of the scientific publications during my PhD study:
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Abstract. In real-world scenarios, humans estimate a large proportion of their perceived world contextually
and use previous information to adjust or modify their expectations and responses. A typical example of
congruence is when a smile (visual modality) is accompanied by a laugh (acoustic modality). Pain and pleasure
are extremely intensive affects, rarely correctly assessed. It rarely happens that the affective communication is
incongruent in different modalities. Intentional combinations of these two affective expressions may be
implemented by using audiovisual media. It is to be expected that presentations involving incongruent
combinations during gaming and other interactions with machines will alter perceptions and impact of
ambiguity. To evaluate the impact of sensory crosstalk a novel statistical analysis was developed to estimate
impact of each modality. The results show that for the pairing pain/pleasure, the visual modality dominates.
The acoustic modality dominates for pain/pleasure, pain/neutral, and pleasure/neutral. For neutral/pain and
neutral/pleasure neither the visual nor the acoustic modality enables highly correct ratings. The findings are of
high value to psychology of perception on theoretical level and game/media developers as application fields.

Keywords: Visual Displays, Acoustic Displays, Affective states, Dirichlet Distribution, Confusion Matrix,
Heat Maps.

1 Introduction

Consider an observer watching a single frame extracted from a video and hearing the simultaneous audio signal.
In such a case, the person is observing (seeing and hearing) a bimodal signal.

If the observer is asked to rate the observation, and the researcher is interested in whether the observer
relies on the visual or the acoustic modality when rating, the researcher can modify the presentation.
The observer is presented with a video frame as a visual modality together with an audio signal as the
acoustic modality, but these two presented modalities are different. The observer has to rely on one of
the two modalities. As the researcher knows the visual modality and the acoustic one, he/she can
conclude on which modality the observer relied when rating — never on both, because the presented
modalities exclude each other. We call such a set-up an incongruent bimodal presentation.

In this paper, we present many women as well as many men (separately) with incongruent bimodal
stimuli, namely the pairings of the affective states pain, pleasure and neutral (speech) in all six
combinations. These were presented (separately) by males and females, which we call stimuli. Details
are described in the Methods section. Nomenclature: we henceforth call the participating observers
raters, and the presenting females and the males from which the presentations of the bimodal affective
states were derived as female or male stimuli.

In the set-up presented here, the visual and auditory information does not aggregate correctly. One of
the few comparable real-life experiences we could find, which gave the name to the perceived
phenomenon, is ventriloquism. This ancient art of making it seem as if the voice originates from a
different source than the (visually presented) mouth can be traced back to Greek and Roman antiquity
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and is still used in puppet theaters [Dumbstruck, 2000].

Since the invention of recording devices for visual displays (recordings by video cameras, for
instance) and those for acoustic accompaniment (microphones attached to recording devices), the
possible experimental situation has dramatically changed. We can separate the two recordings and
match them incongruently.

There are three incompatible hypotheses which we can test by comparing incongruent recordings: (1)
The more intensive affective display (vocalization or facial expression) dominates over the less
intensive one. (2) The unambiguous input (irrespective of the intensity) will dominate over the
ambiguous one. (3) The hypothesis predicted by the sensory dominance theory [Hutmacher, 2019],
which expects one sensory input to always be dominant over the other one, irrespective of the
displayed intensity or the modality.

2 Materials and Methods

Incongruent pairings (such as the visual stimulus pain with the acoustic stimulus neutral speech) were presented
to 902 raters (526 women and 376 men, aged 18—50 years). The raters were to rate whether an incongruent pairing
was perceived as positive (for pleasure), negative (for pain) or neutral (for neutral speech) using keyboard or touch-
screen. The data were collected in the Czech Republic in 2021 via the agency Czech National Panel
(narodnipanel.cz) and a science-oriented online portal pokusnikralici.cz using the online platform for data
collection Qualtrics™. Prior to their commencing to rate, the participants supplied their (biological) sex and their
age to the nearest year. Criteria for inclusion were: (a) age of raters between 18 and 50 years, and (b) at least a
minimal experience with adult media, since the displays and the vocalizations used in this study were extracted
from such materials.

From the numerous audio-visual materials, ten were chosen (five with female expressers and five with
male expressers). Based on the plot in each of these ten, three frames with faces and three audio tracks
were selected (one each of neutrality, pleasure, and pain). The two highly intensive facial expressions
(pain and pleasure) were also tested for difference by using an Artificial Neural Network algorithm
[Prossinger et al., 2021].

We used KDE (Kernel Density Estimation) to find the distribution of ages of the female and the male
raters, separately. We then determined the estimators, in particular the HDIos, (the Highest Density
Interval at 95% significance [Kruschke, 2015]). A large overlap of this interval documents no
significant difference in the age distributions.

We tallied whether the rating was correct because the visual modality was rated correctly, or whether
the acoustic modality was rated correctly or whether neither modality was rated correctly (which we
tallied as ‘both incorrect’).

For every rater sex and for every stimulus sex and each bimodality, the chosen responses are Dirichlet
distributed. There are 2 X 2 X 6 = 24 such distributions. For each, we calculated the mode (a 3D
vector). The entries in the columns (i.e. the suite of the six pairings for female raters of the acoustic
stimuli, say) male versus female are also Dirichlet distributions. We used Monte Carlo methods for
pairwise comparisons.

Lastly, we determined whether female raters of stimulus for one sex for a specific modulus
significantly differs from that of another sex. These comparisons are Beta distributions; the detailed
description of the method of finding the significance is in the Appendix. We repeated these
significance calculations for the other rater sex and then also for the mixing of the sexes of the raters
with the sexes of the stimuli.

Table 1. The descriptors and the estimators for the ages of the raters, separated by (biological) sex. [E is the expected value
(estimated by E = [ 060 u X pdf (KDE, u) du, where KDE is the kernel density estimation), and HDIosv (highest density
interval: the interval with a 95% probability of observing an age; [Kruschke, 2015]). We observe that for both the male and
the female raters, the mode is considerably different from the expected age [E. The pdfs of the KDE distributions and the
histograms are in Fig. 1.

Estimator Male Raters Female Raters
N 376 526
Range (years) 18-50 18-50
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Mode (years) 41.7 27.0

E (years) 33.6 30.9

Mean (years) 33.6 30.9
HDIosy (years) 16.4-50.3 15.8-49.8

3 Results

Fig. 1 and Table 1 show that the distributions of the male and female raters’ ages have different
modes. We use KDE (kernel density estimation) with a Gaussian kernel because, as Fig. 1 shows, it is
not to be expected that raters of either sex have a parametric distribution or even a superposition of
one or two such parametric distributions. We also note that modes and expectation values differ
between the rater sexes and, furthermore, modes and expectation values differ for the raters of the
same sex. The HDIoso, uncertainty interval is very broad, so we can consider the distributions for both
rater sexes to be comparable to a uniform distribution of respective ages. The confusion matrix shows
that the two distributions are not significantly different.

KDE Distributions of Ages of Male and Female Raters
rdr

FEMALE Raters
MALE Raters

0.04

age
5 10 15 20 25 30 35 40 45 50 S5 60 (years)

Fig. 1. The distributions of the ages of males and of females estimated using a KDE (kernel density estimation) with a Gaussian
kernel. Superimposed of the graphs of the two pdfs are the two histograms of the registered ages, separated by sex (scale of

frequencies on the right). Modes, expected values, means, and HDIose of both distributions are listed in Table 1. The two
distributions are not significantly different; the confusion matrix is (ggg g?;

matrix is described in [Boschetti et al., 2022]).

)% (the method of computing this confusion

For the column comparisons for each modality (Fig. 2), no significant difference was observed. Fig. 3
shows two examples: the two Dirichlet distributions for two sets of ratings. The extent of overlap
between the pdfs of these indicates the significance level. In Fig. 3, the overlap is extraordinarily
small, so the differences in rating (the off-diagonal entries in the confusion matrix) are highly
significant. All the off-diagonal entries in all the confusion matrices were much less than 1 x 1073
(not shown), therefore, for each comparison for each modality there is a significant different in rating
distributions.

For the visual modality, we observe that one bimodal affect display (pleasure with pain) is markedly
different from all other affective displays (Fig. 2). For the acoustic modality, we observe that the
pairings pain with pleasure, pain with neutral and pleasure with neutral are significantly different from
all other pairings. For the incorrect ratings (if raters chose neutral, say, when the visual display is
positive and the acoustic display is negative) only the pairing neutral with pleasure is significant.
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Fig. 2. The heat map of the distributions of incorrect (or possibly guessed) ratings by male and female raters of male and
female stimuli. The numbers (light cyan) in the squares are the number of occurrences. Color-coding of the background is of
the fraction (in percent) of the occurrences, also displayed as off-white numerical values. We observe that for the pairing
pain/pleasure the visual modality dominates. We also observe that the acoustic modality dominates for pain/pleasure,
pain/neutral, and pleasure/neutral. For neutral/pain and neutral/pleasure, on the other hand, neither the visual nor the acoustic
modality enables highly correct ratings.

pain (visual) and pleasure (acoustic)

0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 050 1.00

pleasure (acoustic)

FEMALE raters & female stimulus
FEMALE raters & male stimulus 7990

mode,coustic = 0.608

mode coustic = 0.560

modeisya = 0.219 modeyig,q = 0.363 pain (visual)

0.10 0.20 0.30 0.40 050 0.60 0.70 0.80 0.90 1.00

Fig. 3. The likelihood functions of the Dirichlet distributions of the bimodal pairings of pain/pleasure of the female and male
stimuli, as rated by the female raters. The probabilities are s; (pain) and s3 (pleasure). The likelihood function is defined over
the triangle shown in purple, because s; + s, + s3 = 1. Modes are shown; these are the entries in Fig. 2. Contours (yellow,

are in steps of i L 1ax- The contours do not overlap, clearly showing that the rating distributions are significantly different.

We conclude that for the pleasure/pain pairing, the visual modality is far superior to the acoustic
modality (namely, that of pain). For the three pairings pain/pleasure, pain/neutral, and pleasure/neutral,
the acoustic modality dominates. To summarize: Fig. 2 shows that the visual modality pleasure
dominates when paired with pain as an acoustic modality, whereas for the acoustic modality, pleasure
dominates with the visual modality pleasure, and the acoustic modality neutral dominates when paired
with pleasure and with pain. Only for the pairing neutral pleasure were the raters (of either sex)
incapable of rating the dominant modularity correctly (Fig. 2).

For the visual modularity, the comparison of the female ratings of male versus female stimuli was
significantly different from than that of the male raters rating these two stimuli (Fig. 4). This
significant difference (again for the visual modularity) was also observed for pain/neutral,
pleasure/neutral and neutral/pleasure.

For the acoustic modularity, the comparisons of female versus male raters showed a significant
difference for pain/neutral, neutral/pain and neutral/pleasure (Fig. 4). Visually, no combinations of
raters and stimuli showed a significant difference.
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We observe no pattern of significant differences for male versus female raters for a given stimulus
(Fig. 4); neither visually nor acoustically. However, there are three exceptions; female versus male
raters rate the female stimuli significantly differently for one visual pairing (pleasure/neutral) and two
acoustic pairings (pleasure/pain and pleasure/neutral).

4 Discussion

Because of the presented incongruence, no rater could rate both presented modalities correctly, but could rate both
incorrectly (because there existed a third choice/option).

Mf vs. Mm
Ff vs. Mf
Fm vs. Mm
Ff vs. Fm
Mf vs. Mm
Ff vs. Mf
Fm vs. Mm

E
o
]
>
-
i

Pain / Pleasure

Pleasure / Pain

Pain / Neutral

Neutral / Pain

Pleasure / Neutral

Neutral / Pleasure

Visual correct Acoustic correct
Fig. 4. A heat map of the distributions of significant differences between female (F) versus male (M) raters rating female (f)
or male (m) stimuli in all eight combinations. The bright red squares display significant differences. Significance has been
determined by calculating whether the mode of the Beta distribution of the comparison is significantly different from s = %,

based on the entries displayed in Fig. 2. (The method is explained in the Appendix). For g = % = 41.6% of the

combinations there are significant differences. We observe that for neutral/pain the acoustic modality leads to a significantly
different rating by female raters rating female stimuli versus male stimuli and, likewise, by male raters rating female stimuli
versus male stimuli. For pleasure/pain, the female raters’ ratings of female stimuli versus male stimuli are significantly
different for both the visual and acoustic mode. For male raters, this is not the case.

The patterns we found document that hypothesis (1) is not rejected, but (2) and (3) are rejected. The
study of the ability to correctly attribute emotional and affective expressions of others was impacted
by recent papers showing counterintuitive evidence that affective states with high intensity are harder
to correctly assess from facial expression [Aviezer et al., 2012; Boschetti et al., 2022; Binter et a.,
2023]. This is confirmed (Fig. 2); the acoustic modality allows for reliable ratings. When extremely
intensive facial and vocal displays are rated, the accuracy is usually low, since the stimuli appear
inherently ambiguous [Aviezer et al., 2012; Wenzler et al., 2016; Boschetti et al., 2022; Binter et al.,
2023]. We find that whenever there is a contradictory bimodality involved, then the ambiguity is
suppressed — a novel, unexpected finding.

Only in one pairing of incongruent affective states with incongruent modularity do we find evidence of
sensory crosstalk: when the visual modularity makes the rating of acoustic modularity impossible. The
raters are confused for the pairing neutral (visual) with pleasure (acoustic).

Although raters of either sex are consistent in ratings based on the visual modularity (Fig. 2), they rate

the affective states displayed by stimuli of different sex significantly differently in g of the pairings.

For the acoustic modularity, in 3 of the pairings, there are significantly different ratings of the
displayed incongruent modularity.

5 Conclusion

The alteration of perception can be used for intentional modifications of scenarios as a ‘twist’ (i.e. a novel

ambiguity) which can be, if well placed, cause unexpected effects on players (consumers and users) of the gaming
product. On the other hand, we know from previous research, that pain and pleasure were overwhelmingly
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incorrectly attributed in congruent pairings. The impact of intentional incongruence generating ambiguity may be
specifically implemented by the creators of gaming scenarios (for example, characterizing versus
mischaracterizing a villain in crime-type games). Our investigations contribute to communicating to creators of
gaming scenarios the effectiveness — or ineffectiveness — of incongruent pairings of two affects and a natural
expression. Furthermore, there is an implication for the field of perception psychology since this unexpected result
can be only found using the novel methodological approach developed by one of the authors (HP) for this very
reason.
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Appendix

We show a method of determining whether two sets of ratings are significantly different with an example (Fig. A-
1). The rating entries of the female raters for the male stimuli are n, and the entries for the male raters for the male

stimuli are n,; then the Beta distribution is Be(n, + 1,n, + 1). The two boundaries E,uupper] of the HDI

(Highest Density Interval) are determined by pdf G) = pdf (Uypper). (Comment: solving for u,pper requires
computing power.) The probability of HDI is determined by
Uupper
HDIprobability = f pdf (s)ds
1

Comment: this integral can be easily computed using %[he CDF (Cumulative distribution function) of
the Beta distribution: probability = CDF(Be(n; + 1,1, + 1), uupper) — CDF(Be(ny + 1,n, + 1),%).
If the computed probability is less than 95%, then the significance level is greater than 5%. In this
case, the deviation of the mode from% is insignificant and the differences between the rating
distributions are insignificant. In the example, shown in Fig. A-1, the probability is 60%; the

significance level is therefore 40% and the observed difference in the rating distributions is
insignificant.

Acoustic Modality of Neutral/Pleasure for Fm vs. Mm
paf

8.0
6.0
4.0

2.0

mode = 0.541
g
HDlggy, = 0.081

Figure A-1 A graph showing the method of determining the significance of the difference between two ratings of the same
modality by raters of different sex (female F versus male M) of the male stimuli m. In this example, the analysis for the
acoustic modality is shown, and the rating numbers of female and male stimuli are the concentration parameters of the Beta
distribution (each increased by +1). s is the (Bayesian) probability. The mode of the distribution is shown, flanked by the
upper and lower bounds of HDIso%. The dashed orange lines indicate the equal likelihoods. The area shaded in orange is the
probability that the mode is significant, in this case 100% — 60% = 40%. The mode is not significantly different from %,

and the ratings by the females and the males of the male stimuli is not significantly different at the 5% significance level.
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Abstract. In our everyday life we rely on set of heuristics that involve estimation of meaningful connections
between events. In human evolutionary history, it was less costly to overestimate the meaning. The
psychological phenomenon of apophenia (overperception of patterns) is then an adaptive response. It may
manifest also as overperception of visual patterns (pareidolia). The underperception was rarely studied and
researchers mainly used unsuitable stimuli sets for the purpose. After researching this phenomenon using
patterns with transparency, geometric shapes, and color (Boschetti et al., 2023), we developed new set of black
and white high-contrast stimuli. These were presented to participants four times in different orientations to limit
guessing to 6% chance. Using ANN (Artificial Neural Networks), we associated the responses to the Rational
Experiential Multimodal Inventory Subscales Rationality and Intuition. We were able to identify two clusters
for each subscale and found associations of the participant responses with pattern identification success (or lack
thereof). Our discoveries extend previous findings concerning this phenomenon and provides us with a
foundation for constructing and designing artificial environments with high attention to cues given to users.

Keywords: Random Patterns, Non-random Patterns, Rationality, Intuition, Clustering Algorithms, Artificial
Neural Networks, Apophenia, Apoidolia.

6 Introduction

The ability to correctly detect and recognize patterns is fundamental for human while they interact
with the environment irrespective of whether it is real or virtual. The ability to distinguish between
what is relevant and meaningful and what is not is an essential part of the decision-making process that
underlies every behavior: the more accurate the detection of an existing pattern the more effective the
decision among behavioral options.

However, in terms of cost-benefit, false positive (detection of a pattern in a random distribution) and
false negative (failure in detecting a pattern when one is actually present) errors are very different:
Error Management Theory (EMT) claims that over-detection of patterns is safer than under-detection
(Johnson, 2009). For this reason, the bias for over-detection of pattern (called apophenia) is considered
an advantage and is, arguably, an evolved mechanism in humans (Barrett, 2000).

The cognitive and perceptual bias is a tendency that construes how we perceive and interpret the
world. The subjective sensitivity to pattern detection can lead to the miss-attribution of agency to non-
living objects (Hyperactive Agency Detection Device) and ultimately to supernatural beliefs (Barrett,
2000). Indeed, cognitive and perceptual biases are candidate for explaining the emergence and the
perseverance of paranormal beliefs (Willard & Norenzayan, 2013). Previous studies have associated
the overperception of patterns with different types of beliefs in the supernatural, beliefs in the
paranormal and assigning meaning to coincidence of events that are only due to chance (Zhou &
Meng, 2020; Bressan, 2002).

The specific type of apophenia is the perception of a pattern in visual stimuli and is called pareidolia.
Most of the work on pareidolia involves the overperception of faces, which are a very specific type of
visual stimulus (Tsao & Livingstone, 2008) and the results of such studies may not be generalizable to
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stimuli different from facial ones. Another problem occurs when the stimuli chosen are naturally
occurring (i.e. clouds, stains). Is it possible to control the extent of naturalness present or absent in an
imaged pattern? Furthermore, even though such stimuli are suitable for detecting pareidolia (as false
positive error in perception), they cannot be used to detect the false negative error (called apoidolia;
Boschetti at al., 2023). Both apoidolia and pareidolia have been found to be more strongly related to
thinking styles than to religious beliefs or belief in magic. This outcome was found in a previous study
that used colored stimuli created by a multidimensional random number generator to produce maps of
random colored squares underlined with geometrical figures as patterns (Boschetti et al., 2023).
Specifically, the REIm (Rational/Experiential Multimodal Inventory; Norris & Epstein, 2011) was
designed to measure the functionality of the experiential system of reasoning (based on the associative
processes heuristic and intuitive) and the analytical system (based on high cognitive and meta-
cognitive abilities and rule-based processing).

For this study we used two subscales from the REIm: one measuring rationality and the other
measuring intuition. Furthermore, instead of colored stimuli we used black and white stimuli
reminiscent of QR codes (Fig. 1), thereby maximizing the visual contrast in the elements of the
stimulus. There is one further (important) limitation of the previous studies, namely, The Lady Tasting
Tea problem (Fisher, 1956): how to avoid the observer from guessing the correct answer; more
specifically, minimizing the probability of supplying a correct answer merely due to chance.

This simple, straightforward perceptual test presented here can be used as a diagnostic tool for users
and profile creators when intending to maximize the experience in human-computer interactions. It
also allows for addressing complex psychological phenomenon while limiting the number of response
options.

7 Materials and Methods

7.1  Participants

A total of 174 participants from Italy and the Czech Republic responded to the queries about Rationality and
Intuition. They (henceforth called respondents) also attempted to identify which of the eight presented distributions
of black and white squares (henceforth called patterns) were random and which were non-random (henceforth
called random and non-random patterns).

Fig. 2. Two of the eight patterns presented to the respondents. For every rectangle presented, they were asked to identify which
pattern is random and which is nonrandom. The random patterns were presented four times, once as generated by the (quasi)
random number generator, once after mirroring across the horizontal axis, once after mirroring across the vertical axis and once
after rotating by 90°. Likewise, for the nonrandom pattern. The eight patterns were presented in randomized order, so as to
prevent any possible memory effects. The reason for presenting each random and each non-random pattern four times is to
suppress The Lady Tasting Tea effect (details in the text).
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7.2 Stimuli

Four random patterns were generated, as well as four non-random ones (two are shown in Fig. 1). Respondents
were asked to identify which of the patterns were random and which were not. We presented each pattern four
times in order to avoid The Lady Tasting Tea problem (if a two-option challenge is presented to a respondent, the

chance of correct identification is %; this chance is far too high; if the challenge is presented four times in random

order, then chance of correct identification without guessing is 214 = % ~6%; Fisher, 1956). We did not repeat the
presentations 5 times, because of possible uncontrollable effects due to the tiring of the participants.

7.3  Questionnaire

We used the Rational/Experiential Multimodal Inventory (REIm; Norris & Epstein, 2011) to measure two aspects
of thinking styles, namely analytic/rational and intuitive (specifically an automatic/experiential approach to
construction and interpretation of the perceived world). The questionnaire is composed of four independent
subscales, one for a rational system and three for different aspects of the experiential system. The subscales used
in the present study are: Rationality (12 queries) and Intuition (10 queries); both are listed in the Appendix. We
narrowed down our analysis to these two subscales because, from a theoretical prospective and from the results of
a previous study (Boschetti et al., 2023), they are the most relevant. The responses were on a 5-point scale ranging
from R1 (Completely False) to RS (Completely True); we note that none are cardinal numbers.

7.4 Statistical Methods

The responses to the queries are ordinal numbers, not cardinal numbers (Blalock, 1960). They may not
be directly converted into cardinal numbers, because a change in the choice of the mapping results in a
change the statistical signal. (The statistical analysis is then the statistical analysis of the mapping, not
of the data). Rather, the responses must be mapped into unit vectors. If a response to a query is ‘B’,
say, then the vectoris (0 1 0 0 0)T.Ifarespondent identifies a pattern as random, the response
is (1 0)7, and if it is non-random, then the response is (0 1)7. The response vectors are then
concatenated; the resulting vector is called a feature vector (Murphy, 2012). For Rationality and
pattern identification, the dimension of the feature vectoris 4 X 2 + 4 X 2 + 12 X 5 = 76. This
feature vector has interdependencies (perhaps nonlinear ones). In order to avoid the ‘curse of
dimensionality’ (Bellman, 1961), dimension reduction is necessary. We used an artificial neural
network (specifically, an autoencoder) to dimension reduce the feature vector. The autoencoder will
also detect nonlinear interdependencies among the components of the feature vectors. We then use a
clustering algorithm (in our case, DBSCAN; Ester et al., 1990) to identify the clusters in the space of
the dimension-reduced feature vectors.

We can ‘backtrack’ the mapping and identify which points in the dimension-reduced vector space
‘belong’ to the respondents’ feature vectors. We use these identifications for further analyses. AC
(Correspondence Analysis; Benzécri, 1973; Greenacre, 2007; Beh & Lombardo, 2014) of the
contingency table (pattern identification versus thinking style) allows us to determine whether there
exist associations and, if so, how many.

We repeat the above procedure for the combination of responses to the queries of the Intuition
questionnaire and the same identification of random and non-random patterns by the participants.

8 Results

8.1 Pattern Identification

We observe that only 3 (1,7%) of the 174 participants succeeded in correctly identifying all 4 nonrandom and all
4 random patterns. Some respondents succeeded in correctly identifying all random patterns, but they did not
correctly identify all non-random patterns. Others succeeded in correctly identifying all non-random patterns, but
did not succeed in identifying all random patterns. Many respondents succeeded only partially. Most respondents

(140; 65% or close to g) did not succeed in correctly identifying any non-random patterns and any random patterns.
We discovered that the relations between the extent of correctly identifying patterns are not independent of the
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responses to queries; this is valid for both Rationality and Intuition. In fact, cluster analysis shows that in both
cases of thinking style (Rationality and Intuition), there are two distinct clusters (Fig. 2).

Fig. 3. The two clusters obtained after dimension-reducing the feature vectors using an autoencoder for Rationality (left) and
Intuition (right). In both, the points are the coordinates of the dimension-reduced feature vector of each participant’s responses
to the Rationality or Intuition queries together with the identification of a random or nonrandom distribution of squares. The
concave hull connects the points in each of the clusters. For Rationality, Cluster #2 has 39 points and Cluster #1 has 174 points
and for Intuition, Cluster #1 has 38 points and Cluster #2 has 175 points. The dimension reduction to 2D did not separate
clusters, but dimension reduction to 3D did. The axes are numerical only; they are not directly interpretable.

Questionnaire on Rationality

Cluster 1

Query 1 Query 2 Query 3 Query 4 Query 5 Query 6 Query 7 Query 8 Query 9 Query10  Query1l  Query 12

©©@erHNWWWA LSS Random correctly identified
SO NA K ACOWRDHN A Pattern correctly identified

Cluster 2

Query 1 Query 2 Query 3 Query 4 Query 5 Quary 6 Query 7 Query 8 Query9  Query10  Query1l  Query 12
A1 82 R3 R4 RS|R1 R2 RI R4 RS|R1 R2 A3 R4 RS|R1 R2 R3 R4 AS|R1 R2 A3 R4 RS|R1 A2 B3 R4 RS/R1 R2 A3 R4 RS/R1 A2 R3 R4 RSRI R2 R3 R4 RS[R1 A2 A3 R4 RS/R1 R2 R3 R4 RS|R1 RZ R3 RA RS
1/t i i 2

Fig. 4. The distribution of the nonzero entries of nonrandom and random pattern identification versus responses to the
rationality queries. Those rows that have no nonzero entries have been deleted. The brightness of the colors identifies the
percentages of occurring entries for a response (this fraction is normalized according to the total number of respondents in a
cluster). In Cluster #2, for instance, none of the respondents correctly identified more than one random pattern and the greatest
majority did not succeed in distinguishing between random and nonrandom patterns. In Cluster #1, on the other hand, many
respondents were able to identify random patterns and many (other) respondents could identify nonrandom patterns, without
successfully identifying nonrandom patterns. The few respondents who did not succeed in identifying either random or
nonrandom patterns (who are expected to be in Cluster #2) are part of this cluster because the autoencoder also dimension
reduces the feature vector, which contains the query responses. There are 3 respondents (1.7% of all 174) who correctly
identified both the random patterns and the nonrandom patterns.

8.2  Associations

Correspondence analysis is used to find possible associations between pattern identification
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proficiency and the query response spectrum: the associations for Rationality and the associations for
Intuition. We discovered that the signal (the fraction not due to noise) obtained by the SVD (singular
value decomposition) of the contingency table is much weaker for Rationality than it is for Intuition.

For Rationality, we find two associations (Fig. 5), and for Intuition we find three (Fig. 6).

g
W

Questionnaire on Intuition

Cluster 1

Query 1 Query 2 Query 3 Query 4 Query 5 Query 6 Query 7 Query 8 Query 9 Query 10

Ri R2 R3 R4 RS|R1 R2 R3 R4 RS|Ri RZ A3 R4 RS|Ri R2 R3 R4 RS|Ri R2 RI R4 RS Ri R2 RI R4 RS Ri R2 RI R4 RS R1 R2 R3 R4 RS R1 R2 RI R4 RS Ri R2 R3 R4 RS

© @ & » = Random correctly identified
@ = N o = Pattern correctly identified

Cluster 2

Query 1 Query 2 Query3 Query 4 Query 5 Query 6 Query 7 Query 8 Query 9 Query 10

RZ R3 R4 RS|R1 R2 R3 R4 RS|R1 RZ RI R4 R5 R1 RZ R3 R4 RS R1 R2 R3 R4 RS R1 R2 R3 R4 RS R1 R R3 R4 RS R1 R2 R3 R4 RS|R1 RZ R3 R4 RS
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Fig. 5. The distribution of the nonzero entries of nonrandom and random pattern identification versus responses to the Intuition
queries. Those rows that have no nonzero entries have been deleted. The brightness of the colors identifies the percentages of
occurring entries for a response (this fraction is normalized according to the total number of respondents in a cluster). There
are 3 respondents (1.7% of all 174) who correctly identified both the random patterns and the nonrandom patterns; they are
distributed almost uniformly across all responses for all queries.

9 Discussion and Conclusion

The orientation in the world is based on heuristics that help the individuals navigate complex situations. Intuition
and irrational beliefs can be products of perceptual and cognitive biases, as illusionary perception of patterns and
becoming overly reliant on assigning meanings to these perceived patterns

There have been explanations proposed by cognitive scientists who infer the proliferation of
supernatural beliefs to be the results of this and other cognitive biases (Johnson, 2009; Willard &
Norenzayan, 2013). Furthermore, EMT also explains the existence of such biases as a compensation
for potentially costly mistakes.

We decided to pursue the study of pattern perceptions by introducing two novel elements, namely the
use of black and white patterns (rather than colored ones), and multiple (in our case: four)
presentations by rotating and mirroring so as to assure that the chance of guessing the correct answer is
minimized.

We emphasize that the study presented here is an example of a multidisciplinary approach. Here,
psychological investigation techniques were combined with approaches based on novel technology
and modern statistical techniques (including, but not limited to, dimension reduction and the use of
clustering algorithms) in order to provide novel insights.
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Fig. 6. The result of the correspondence analysis for pattern identification and Rationality: associations. The scree plot of
squares of the singular values versus indices of the singular values identified only two singular values as non-noise. The
reconstructed matrix has been graphed and the clusters identified via the clustering algorithm DBSCAN identified the
categorical variables of nonzero query responses (red) that are associated with the pattern identification responses (purple). The
fraction of the square of the Frobenius norm explained by the first two singular values is 40.2%. The magenta dots are query
response choices that do not associate with any pattern identification pairs. The unlabeled query responses of one association
have not been labelled, as the labels would have rendered that part of this graph unreadable. We point out that a strong
association does not infer a high score on the response axes.

The dimensions for Rationality (60) and Intuition (50), combined with the those for pattern

identification outcomes (26), make the multivariate analysis not only nontrivial, but require very large
data sets for satisfactory noise minimization. Nonetheless, perhaps surprisingly, we found fascinating

signals even in our relatively small data set. We are also aware of how difficult the test is for the
participants because the presented patterns tested their skills quite severely. We were surprised that
two clusters of the dimension-reduced feature vectors existed in both cases of thinking styles.

By using Artificial Neural Networks to cluster the participants based on their responses to the
subscales of REIm (for Intuition and for Rationality, separately) and the results of the pattern
identification task we identify two clusters for each subscale. In both cases we obtain one cluster in

which the participants were more accurate in identifying the patters (or lack of) and another in which

the participant exhibited a higher tendency for pareidolia and apoidolia. Each cluster showed
associations with specific responses to specific queries, allowing us to estimate their similar
psychological profile in the heuristic use in their daily life.
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Fig. 7. The result of the correspondence analysis for pattern identification and Intuition: associations. The scree plot of squares
of the singular values versus indices of the singular values identified three singular values as non-noise. The coordinates
obtained by the reconstructed matrix have been graphed and the clusters were identified via the clustering algorithm DBSCAN.
The identified categorical variables of nonzero query responses (green/blue/red) that are associated with the pattern
identification responses (purple) show the associations: there are three associations. The fraction of the square of the Frobenius
norm explained by the first two singular values is 58.1%. Most remarkable is the observation that the ‘perfect’ pattern identifiers
(participants) associate with the query responses R1 for query Q1, R3 for query Q2, R1 for query Q4, and R4 for query QS.

We also succeeded in demonstrating that these associations are the statistically justified descriptors
(rather than correlations would be) and we found that there were more than one association (two for
Rationality and three for Intuition) for those clusters of participants who were more successful in
identifying patterns and distinguishing randomness and non-randomness (and therefore not
experiencing pareidolia or apoidolia).

We note that the number of associations depended on the thinking styles and their statistical signal
strength varied with thinking style. The results are promising; they mark an introduction of a novel
approach to research of the phenomenon of apoidolia and extension of the existing research on
pareidolia in a healthy population. The knowledge of how individuals orient themselves in the world
based on their believed pattern presence can improve the design of future real world and virtual world
(user) experiences. In the second case, this should be of utmost importance since the creator has
almost absolute control over the environment presented to the user

Ethics Statement

The project was evaluated and approved by the Ethical Committee of the Faculty of Science, Charles
University, as part of broader project (7/2018). GDPR regulations were followed at all times.

Funding and Acknowledgement

The research and data collection was supported by Charles University Grant Agency (GAUK
“Cognitive Bias, Agency Detection and Pattern Recognition: An Intercultural Quantitative and
Experimental Study of Supernatural Belief”, project No. 1404120).

We thank to Ladislav Cupa for help with sample collection

Conlflicts of Interest

The authors declare no conflict of interest.

References

Barrett, J. L. (2000). Exploring the natural foundations of religion. Trends in Cognitive Sciences 4(1), 29-34.

Beh, E. & Lombardo, R. (2014). Correspondence Analysis. Theory, Practice and New Strategies. Chichester: Wiley.
ISBN 978-1-119-95324-1.

Bellman, R.E. (1961). Adaptive control processes: a guided tour. Princeton University Press. ISBN 9780691079011.

Benzécri, J.-P. (1973). L’ Analyse des Données. Volume II. L'Analyse des Correspondances. Paris, France: Dunod.

Blalock Jr, H.M. (1960). Social statistics. McGraw Hill, USA.

Boschetti, S., Binter, J. & Prossinger, H. (in press) Apoidolia: A New Psychological Phenomenon Detected by Pattern
Creation with Image Processing Software together with Dirichlet Distributions and Confusion Matrices. Proceedings in
Adaptation, Learning and Optimization.

Bressan, P. (2002). The connection between random sequences, everyday coincidences, and belief in the paranormal. Applied
Cognitive Psychology: The Official Journal of the Society for Applied Research in Memory and Cognition 16(1), 17-34.

Ester, M., Kriegel, H-P., Sander, J, Xu, X. (1996). In: Simoudis, E., Han, J., Fayyad, U. M. (eds.). 4 density-based algorithm
for discovering clusters in large spatial databases with noise. Proceedings of the Second International Conference on
Knowledge Discovery and Data Mining (KDD-96). AAAI Press. pp. 226-231. CiteSeerX 10.1.1.121.9220. ISBN 1-57735-
004-9.

Fisher, R.A. (1956). Mathematics of a lady tasting tea. The world of mathematics 111 (part 8), pp. 1514—1521. Simon &
Schuster, USA.

Greenacre, Michael (2007). Correspondence Analysis in Practice. Boca Raton: CRC Press. ISBN 9781584886167.

Johnson, D.D. (2009). The error of God: Error management theory, religion, and the evolution of cooperation. In: Games,

87



Groups, and the Global Good (pp. 169-180). Springer, Berlin, Heidelberg.

Murphy, K.P. (2012) Machine Learning. A Probabilistic Perspective. Cambridge, MA: The MIT Press.

Norris, P., & Epstein, S. (2011). An experiential thinking style: Its facets and relations with objective and subjective criterion
measures. Journal of Personality 79(5), 1043-1080.

Tsao, D.Y. & Livingstone, M.S. (2008). Mechanisms of face perception. Annual Rev Neurosci 31, 411-437.

Wada Y., Kitagawa N., Noguchi K. (2003) Audio-visual integration in temporal perception. Int J Psychophysiol 50(1-2),
117-124. Doi: 10.1016/S0167-8760(03)00128-4.

Willard, A.K. & Norenzayan, A. (2013). Cognitive biases explain religious belief, paranormal belief, and belief in life’s
purpose. Cognition 129(2), 379-391.

Zhou, L.F., & Meng, M. (2020). Do you see the “face”? Individual differences in face pareidolia. Journal of Pacific Rim
Psychology 14, e2.

Appendix

Table A-2. The queries for assessment of the two thinking styles. The responses are choices on a five-point scale from
“Completely false for me” (R1) to “Completely true for me” (RS).

Query Rationality Intuition
Q1 I enjoy problems that require hard thinking. I like to rely on my intuitive impressions.
Q2 I am not very good in solving problems that require I often go by my instincts when deciding on a course
careful logical analysis. of action.

I don’t think it is a good idea to rely on one’s

Q Tenjoy intellectual challenges intuition for important decisions.

Q4 I prefer complex to simple problems. I trust my initial feelings about people.

Q5 I don’t like to have to do a lot of thinking. I tend to use my heart as a guide for my actions.

Q6 Reasoning things out carefully is not one of my strong | I enjoy learning by doing something, instead of
points. figuring it out first.

Q7 I am not a very analytical thinker, I can often t.ell how people feel without them having

to say anything.

Q8 1 try to avoid situations that require thinking in depth I generally don’t depend on my feelings to help me
about something. make decisions.

Qo I am much better at figuring things out logically than For me, descriptions of actual people’s experiences
most people. are more convincing than discussions about “facts”.

Q10 I have a logical mind. I’'m not a very spontaneous person.

QIl Using logic usually works well for me in figuring out
problems in my life.

Q12 Knowing the answer without understanding the

reasoning behind it is good enough for me.
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Abstract. In the gaming world, as well as in assistive technologies, profile creation and further
characterizations of humans are basic. Oftentimes, Likert-type scales are needed to collect responses in
questionnaires. A subsequent mistake by the analyst occurs when he/she computes the composition score
derived from these response categories. Because: such a score can only be computed if these categorical
responses are converted into computable numbers. An Al method, namely the application of artificial neural
networks, can extract information and overcome various erroneous statistical methods (such as: linearizing
responses of Likert scales, computing scores and correlations, and disregarding the ‘curse of dimensionality”).
We collected data from 480 respondents who were asked to specify boundaries between the colors of the
blackbody spectrum (‘rainbow’). We first used an auto-encoder for dimension reduction, then searched for
categories by implementing clustering algorithms, computed likelihood plots, and calculated confusion
matrices based on Dirichlet distributions.

We found that every respondent was a member of one of only three clusters. Each cluster is characterized by
a different distribution of the color boundaries between purple-blue, blue-green, and so on. Surprisingly, the
boundaries between some colors in one cluster where within the color interval for members of another cluster.
Conclusion: where people see a color boundary is far from obvious even within a shared range.

There are implications for several fields that have been using ‘Stone Age statistics’ involving scores, etc. as
listed above, among them psychology, sociology, behavioral economy, and human-computer interaction. The
modern approach, based on Al, should be adopted by researchers in these fields to ensure reproducibility and
provide insight into participant/user/citizen profiles.

Keywords: One-hot Encoding, Artificial Neural Network, Confusion Matrix, Visible Spectrum, Color
Boundaries, Kernel Density Estimation, Profile Creation, Cold Start Problem.

Introduction

Currently, profile creation is a big topic in many fields involving technology. In an ideal case, there exists both a
large data set and prolonged development of the field that has already been supplied with ‘natural’ layperson
terminology for distinguishing features defined by the layperson’s limited choices. Thus, while this may not be the
case in many fields such as technology users and online gamers, for citizens responding to nudges, etc. that are
uninitiated, such approaches cannot be applied from scratch. This brings the cold start problem into play (Eke et
al., 2019). The system that is used for recommendation, profiling and divergence is unable to provide any
meaningful inferences since too much information is lacking (Eke et al., 2019).
There are two main approaches to deal with this described problem. One involves extended, long-term
data collection, including updates and adjustments, and a bean-counting summary description; the
second one bases the distinctions on the data gathered from the prospective users via a questionnaire-
type set of queries (Eke et al., 2019).

Questionnaires, the major tool in political polls, communication research, customer satisfaction
research, and psychometrics, consist of a list of queries. Participants are requested to respond by

making a choice for each of the categorical variables offered. For some queries, the options can be

ranked; then the response option list is called a Likert scale (for review see Jebb et al., 2021). The
length of the list of response options need not be the same for every query, nor need all queries be
Likert scales. Indeed, in the study we present here, we specifically cannot ensure the same number of
response options for every query.
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Table 3. A selection of possible conversions (maps) of categorical variables that are
responses to queries.

Label Map A B C D E F
Conv Conventional 1 2 3 4 5 6
Form Formula | 8 10 12 15 18 25
MGP MotoGP 10 11 13 16 20 25
Alp FIS Alpine 47 51 55 60 80 100
Pri Odd prime numbers 3 5 7 11 13 17
Lol Lottery 1 6 10 12 13 15 41
Lo2 Lottery 2 2 9 11 26 39 42
RConv Reciprocal Conv % % % % % 1
RPri Reciprocal Odd Primes % % % ; % %

The conventional approach to analyzing a questionnaire with these response distributions is to map the
categorical responses into cardinal numbers. Doing so in the conventional manner leads to individuals
who answered differently (for example, 1, 5, 3 by one individual and 3, 4, 2 by another to 3
questionnaire queries with 5 response options per query) to be assigned the same profile (9 and 9) —a
statistical bias that will be included in — and render meaningless — the subsequent analyses. Even if
the response options are offered to the participant as numbers, these numbers are by no means cardinal
numbers (they are ordinal numbers; Blalock, 1960), so it is impossible to calculate variances, averages
or other statistical point estimators. The response options (categorical variable registrations) must be
converted into cardinal numbers. This mapping of ordinal numbers into cardinal numbers is by no
means unique. Table 1 shows a selection of the infinitely many maps that are possible.

The conventional mapping (Conv in Table 1) is the most ubiquitous. This choice of mapping has been
criticized (Prossinger et al., 2022). Nonetheless, researchers in the aforementioned fields still use it
almost exclusively. To summarize: the variances and means of the responses in a questionnaire will
vary, depending on the mapping chosen.

To avoid specific, case-study implications and maintain the linear nature of the presented
phenomenon, we decided to present our participants with the blackbody spectrum (‘rainbow’) of an
object at 6000 K surface temperature and asked them to choose the boundaries separating two
neighboring colors. The human eye is very perceptive to these wavelengths (as these are the ones
present in large amplitudes in sunlight). These colors have been previously investigated in the classical
work about human visual perception Wavelength discrimination at detection threshold by Mullen and
Kulikowski (1990). More recently, Vlad et al. (2021) adopted a similar approach but used digitized
color production to ensure the mechanism is applicable to digital media (the ubiquitous current
devices). Our aim was to map how many clusters (profiles that share commonalities) will form in such
a straightforward task as color boundary perception. Another one was to identify the existence of
overlaps between the clusters based on participant’s visual perceptions. This paper should be mainly
understood as a methodological study of Aot start profiling.

11  Materials

11.1 Questionnaire

A spectrum of visible light (the blackbody spectrum of light emitted by a black body at 6000 K surface
temperature) was presented. At certain positions along the spectrum, letters of the Latin alphabet (hence ordered
categorical variables) were supplied (Fig. 1). Each participant was asked to choose the letter he/she considered
closest to the boundary queried (such as blue-green). In total, a total of five boundaries were queried: purple-blue,
blue-green, green-yellow, yellow-orange, and orange-red. Each participant therefore entered a total of five
responses (as letters) into the data set. Query responses were collected with Qualtrix®.
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Fig. 8. The visible spectrum together with the two category markings presented to the participants. The participants were to
choose the letter (category) that they considered closest to their perception of the boundary between the colors queried in the
questionnaire. Although the marked rulings appear with constant intervals, it is not clear (to the participant) whether the
wavelengths corresponding to these markings are also equidistant. Above: The spectrum presented for the queried boundaries
purple-blue and blue-green. Below: The spectrum presented for the queried boundaries green-yellow, yellow-orange and
orange-red.

11.2  Participants

A total of 480 participants were involved in this study; each participant supplied age and biological sex. Their ages
ranged from 18-50 years for both the 170 males and 310 females. We estimated the age distributions and their
descriptive parameters using a KDE (Kernel Density Estimation) with a Gaussian kernel

12  Methods

12.1 Age Distributions, male versus female

We used KDE to find the distribution of ages of the female and the male raters, separately. We then determined
the estimators, in particular the HDIosy, (the Highest Density Interval at 95% significance; Kruschke, 2015). A
large overlap of this interval documents no significant difference in the age distributions.

12.2 Feature vector construction: One-hot encoding

Each score by each participant for each queried color boundary is an ordinal variable. Contrary to the
fallacious method of mapping these scores into cardinal integers, we convert the sequence of scores by
a participant into a (concatenated) feature vector. For example, assume the score for a participant (in
this example, we use the choices from participant #13) for the purple-blue boundary is E (from the
range of all registered scores A—P (Fig. 1) — 16 options), the score for the blue-green boundary is S
(from the range of all registered scores K—W (Fig. 1) — 13 options), the score for the green-yellow
boundary is H (from the range of all registered scores C—K (Fig. 1) — 9 options), the score for the
yellow-orange boundary is L (from the range of all registered scores H-T (Fig. 1) — 13 options), and,
the score for the orange-red boundary is S (from the range of all registered scores M—Z (Fig. 1) — 14
options). Then the one-hot encoded feature vectors are

for purple-blue: (0000100000000000)7

for blue-green: (000000001000 0)7

for green-yellow: (10000000 0)7

for yellow-orange: (000010000000 0)7

for orange-red: (0000001000000 0).

The one-hot encoded feature vector for this participant is then
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(00001000000000000000100000000000---00000010000000)7.
The feature vector for every participant’s five scores has 16 + 13 + 9 + 13 + 14 = 65 components,

and the norm of this feature vector is V5. In the case of participant #13, the nonzero entries are the
components 5,16 +9 =25,16 +13+1=30,16+134+9+5=43,and 16 + 134+9+ 13 +
7 = 58.

12.3 Dimension Reduction and Clustering

Each participant’s feature vector is therefore a point in 65-dimensional space. There are three reasons
why a dimension reduction algorithm is needed: (a) not all possible feature vectors occur, (b) due to
the ‘curse of dimensionality’ (Bellmann, 1961), the variance grows (it is additive and always positive)
with the squares of the realizations of the random variable(s) — therefore much faster than the signal,
and (c) the feature vectors of the participants have interdependencies (which we are looking for).
There are two modern methods that can be used for dimension reduction: SVD (singular value
decomposition) and a ANN (artificial neural network). In SVD, we look for a linear interdependence
of the feature vectors, while for ANN, nonlinear interdependencies can also be included. We choose a
special ANN, namely an autoencoder, in order to reduce each participant’s feature vector to a 2D one
(Fig. 4a).

The dimension-reduced feature vectors are not uniformly distributed in the plane. We use the
DBSCAN clustering algorithm (Ester et al., 1996) to detect clusters. In order to determine how well
the clusters are separated, we use a KDE distribution with a triweight kernel.

We construct the confusion matrix to estimate the significance of the overlap. For each pair of clusters
(cluster, and clusterg, say), we compute the confusion matrix

pdf(KDEclusterA) > pdf(KDEclusterB) pdf(KDEclusterA) < pdf(KDEclusterB)

Ncluster, Ncluster,
pdf(KDEclusterB) < pdf(KDEclusterA) pdf(KDEclusterB) > pdf(KDEclusterA)
Nclusterg Nclusterg

We ‘backtrack’ from the dimension-reduced feature vectors to the scores for all participants in a
cluster.

In order to determine the significance of the differences in the five boundaries for the different
clusters, we again use the machinery of confusion matrices. We determine the union of entries, for a
given boundary and a given pair of clusters, and tally the frequencies. The pdfs of these frequencies
are the concentration parameters of two Dirichlet distributions, one for each cluster of the clusters
being compared.

13  Results

Fig. 2 and Table 2 show that the distributions of the male and female raters have different modes. We
use KDE (kernel density estimation) with a Gaussian kernel because, as Fig. 1 shows, it is not to be
expected that raters of either sex have a parametric distribution or even a superposition of one or two
such parametric distributions. We also note that modes and expectation values differ between the sexes
and also for the same sex. The HDIysy, uncertainty interval is very broad, so we can consider the
distributions for both sexes to be comparable to a uniform distribution of respective ages. The
confusion matrix shows that the two distributions are not significantly different. There is, therefore, no
age-cffect for the boundary sets we find.
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Fig. 2. The distribution of male and female ages of the participants. The histogram shows the ages entered by the participants.
The curves are the pdfs (probability density functions) of the KDE (kernel density estimation) distributions of the ages, by
biological sex, using a Gaussian kernel. The graphed pdf curves have been scaled (in this figure) so as to be comparable with
the histogram rectangles. The numerical values of the pdfs are shown as a (gray) scale on the right. The age distributions of the
males and females are not significantly different (significance = 55%).

Table 4. The descriptors of the ages of the participants, separated by (biological) sex. Only the mean is a point estimator. All
other descriptors are derived from the KDE (using a Gaussian kernel). N is the sample size and [E is the expectation value.
Because the KDE is neither a symmetric nor a parametric distribution, calculating a standard deviation is not meaningful. We
note that the uncertainty HDIosv is neither symmetric about the mode, nor about the expectation value. We also note that the
modes cannot be calculated from the raw data, but must be estimated from the KDEs. The distributions (KDEs), which have
been estimated from the data, are not significantly different (see text). Consequently, none of the descriptors (except for the
sample sizes) are significantly different.

Age Descriptor Male Female
N 170 310
Mean (years) 314 30.2
E (years) 30.2 29.1
HDIos (years) 16.2-49.8 16.8-48.8
Mode (years) 31.0 24.6

Purple-Blue

Blue-Green 78 417 33 | 26 LA |

Green-Yellow 104 165

Yellow-Orange 56 250

Orange-Red = 2

Ay By C3 Dy Es Fg G7 Hg lg Jyo Kgq Liz Mgz Nyg Oq5 Pyg
Purple-Blue A E F G H | J K L M N O P
Blue-Green K L M N O P Q R 8 T U V W
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Yellow-Orange H | J K L M N O P Q R S T

Orange-Red M N O P Q@ R 8 T U V W X Y Z

Fig. 3. The grid of tallies of boundary choices made by the 480 participants. The numbers within the squares are the number
of participants that chose the (displayed) color as the boundary. Each horizontal row of tallies sums to 480. The colors of the
squares are the colors of the boundary chosen by the participants. The letters chosen by the participants differed from boundary
query to boundary query. These letters have been replaced by indexed symbols in the first row. Below this row of indexed
symbols are the actual labels (Fig. 1) of the participant’s scores. There is no encoding in the choice of black or white numbers
of the tallies displayed; rather, the choice of black or white was made to enhance the contrast between the displayed numbers
and the background color.
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Fig. 4. The distributions of clusters of the dimension-reduced feature vectors of the color boundaries chosen by the participants.
(a) The distributions of each cluster in the dimension-reduced feature vector space (here: a plane). The separation of clusters
seems not to be very large in some regions of the 2-D feature space. (b) The projection of the contour plots of the likelihood

surfaces obtained by the KDEs (each of the three with a triweight kernel of the functional form % (1 —u?)3). Contours for

each likelihood surface are in steps of %Lmax of the cluster (£ is the likelihood). Some contours overlap. (¢) A 3D graph of

the likelihood surfaces obtained by the KDEs. The likelihood surfaces are very broad for Cluster No.3 and very peaked for
Cluster No.1. As a consequence, the separation between clusters is highly significant (Table 3).

Fig. 3 shows the heat map of the boundary choices. We observe that the distribution of boundary
choices varies considerably for some color boundaries. We note that: (a) Only one boundary query has
no gaps, while the others have one, three, and five. (b) The ‘length’ (number of scores/responses)
varies from query to query. It is therefore impossible to use Cronbach’s Alpha or some other
coefficient of reliability. We also note that the largest tally numbers for each boundary do not match a
central tendency for the boundary query.

Table 5. The confusion matrices of significant overlap between the likelihood functions estimated via KDE using a triweight
kernel (Fig 4b—4c). All the overlaps are significantly different. The top row in each confusion matrix is for the cluster with
the smaller ordinal number (index).

Cluster No.1 «— Cluster No. 2 (

98.64 136,
0 100)"
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Cluster No.1 «— Cluster No. 3 (98'87 1'13) %

0 100
Cluster No.2 «— Cluster No. 3 (180 100) %

We obtain three clusters of boundary sets (Fig. 4). The clusters were found using the DBSCAN
algorithm (Ester et al., 1996). One cluster is by far the largest, with 441 participants (91.9%), the
second largest cluster consists of 25 participants (5.2%), and the smallest cluster consists of 14
participants (2.9%).

The pairwise overlap between the likelihood functions is so small that the confusion matrices are
either diagonal or close to diagonal (Table 3). We therefore conclude there is no significant overlap
and the clusters are significantly different.

Table 6. The confusion matrices of significant differences between the boundaries in the different clusters. The entries in these
confusion matrices are in %. These confusion matrices have been calculated by generating 15000 random numbers from each
of the Dirichlet distributions, boundary by boundary. The top row in each confusion matrix is for the cluster with the smaller
ordinal number (index). We observe that only for Cluster 2 versus Cluster 3 are the off-diagonal elements of the confusion
matrices nonzero. However, even for this cluster comparison, the difference is significant.

Boundary Clusters 1¢—2 Clusters 1«—3 Clusters 2¢—3
purple«—blue (100 0 100 0) (18,%0 18'(?,0) (90().i900 909..1900)
bluee—green (100 0 100. 0) (18_%0 18'(?,0) ((’909.'3559 90;615)

green«<—yellow (100 0 100 0) (18%0 18'(?,0) (917.5795 928..2151)
yellow«—orange (100 0 100 0) (18%0 18'(;),0) (909.6938 90§.0927)
d (100.0 0.0 ) (100.0 0.0 ) (99.53 0.47 )

orange<«—re 0.0 100.0 0.0 100.0 0.41 99.59

Visual inspection of the boundary distributions for the different clusters reveals no evident differences

(Fig. 5). This is due to the fact that the human visual system is not good at detecting non-linear

interdependencies. The ANN detects interdependencies of the chosen boundaries that we are surprised

at observing when confronted with the graph.
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Fig. 5. The distributions of boundaries chosen by the participants in the three clusters. The multiplicity of the chosen boundaries
is not shown. (a) Cluster No. 1 (441 participants; 92%), (b) Cluster No. 2 (25 participants; 5,2%), and (¢) Cluster No. 3 (14
participants; 2.9%).

14 Discussion and Conclusions

Profile creation is becoming more and more important as the method availability is quasi-
exponentially growing because of technological advancements. The cold start problem can be resolved
by obtaining the data from the prospective users beforehand and creating groups (clusters) based on
their responses using questionnaire queries. Many ‘antiquated’ techniques have been implemented to
deal with this problem: from Cronbach’s Alpha and MacDonald’s Omega to various versions of FA
(factor analysis), and to SEM (structural equation modeling). Because both FA and SEM lack a
rigorous mathematical foundation (when using ordinal responses), rules of thumb are employed to
achieve a ‘presentable’ result and satisfy peer reviewers. Unfortunately, FA and SEM of ordinal
responses are still in widespread use in the psychological and behavioral sciences (thereby producing
non-repeatable and biased outcomes).

Al (artificial intelligence) has become a buzzword. However, in an actual study such as this one,
which focuses on the (seemingly simple) task of finding color boundaries by applying a novel
methodology on previously tested outcomes, we were able to identify three independent clusters — an
unanticipated new finding. To our knowledge, no previously tested outcomes have found any
clustering. One cluster constitutes over 90% of the participants and other methods would have failed to
identify the remaining two clusters that are decisively different (and small). Since optical perception
mechanisms, like color perception, are thought to be non-uniformly distributed in the human
population, this finding of the existence of three clusters is an important insight because, among other
implications, it signals a warning to avoid FA and SEM.

We show how the tools of Al can be implemented, how they can be applied to categorical variables
(here: ordinal ones), and how dimension reduction methods can overcome the ‘curse of
dimensionality’ (Bellman; 1961). We show how Al algorithm outputs can then be analyzed by using
clustering algorithms, then computing likelihood plots, and finally calculating confusion matrices; all
these allow for finding and defining categories of the participants as profiles. Many of these methods
are implementable in both supervised Al and unsupervised Al

It should be pointed out that the task was intentionally chosen to be straightforward and would avoid
distractors such as emotional involvement, political preferences or socio-historical components. We
were still able to identify decisively different groups (clusters, in statistical parlance) in a population.
If we take into account the above mentioned possibilities, the proportions in the clusters can be
expected to exhibit the different clusters in a population. Bearing in mind that governments (nudging)
or corporate companies (human-computer interaction) may involve millions of individuals being
affected by their decisions and their profiling, these new methods should be adopted as soon as
possible to properly address the complexity within the population and provide meaningful solutions.
These approaches should by all means be combined with the prospective adaptations based on
user/citizen profiles to achieve best results (Eke et al., 2019; Farnandi et al., 2018).
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Abstract: (1) Background: In addition to verbalizations, facial expressions advertise one’s affective
state. There is an ongoing debate concerning the communicative value of the facial expressions of
pain and of pleasure, and to what extent humans can distinguish between these. We introduce a
novel method of analysis by replacing human ratings with outputs from image analysis software.
(2) Methods: We use image analysis software to extract feature vectors of the facial expressions
neutral, pain, and pleasure displayed by 20 actresses. We dimension-reduced these feature vectors,
used singular value decomposition to eliminate noise, and then used hierarchical agglomerative
clustering to detect patterns. (3) Results: The vector norms for pain-pleasure were rarely less than the
distances pain-neutral and pleasure-neutral. The pain—pleasure distances were Weibull-distributed
and noise contributed 10% to the signal. The noise-free distances clustered in four clusters and
two isolates. (4) Conclusions: Al methods of image recognition are superior to human abilities in
distinguishing between facial expressions of pain and pleasure. Statistical methods and hierarchical
clustering offer possible explanations as to why humans fail. The reliability of commercial software,
which attempts to identify facial expressions of affective states, can be improved by using the results
of our analyses.

Keywords: image processing; artificial intelligence; facial expressions; affective state expression;
facial pain expression; facial pleasure expression; BDSM videos; hierarchical agglomerative clustering;
autoencoder neural network

1. Introduction

This manuscript reports results that are extensions of the pilot study published in
2021 [1]. There, we investigated, using Al, whether it is possible to distinguish the facial
expression of pain from that of pleasure in women.

Consider the following scenario: two persons are having a face-to-face conversation
(rather than telephoning). In addition to the exchange of words, the conversants unavoid-
ably register each other’s facial expressions. Whether these facial expressions convey and,
if yes, how much information is the starting point of the research presented in this paper.

The information transmitted is the superposition of three contributions: acoustic,
facial, and semantic. Anyone who attempts to decompose this superposition is faced with
extraordinary challenges. A promising approach would be to devise a laboratory or field
work setting wherein actors convey their affective states of pain and of pleasure (hopefully
convincingly) to an audience. By turning off the microphone or erasing the soundtrack, we
are in the position to analyze what is being solely transmitted via facial expressions.

Aim: we wish to show how the use of Al technology that analyzes images is superior
to humans’ abilities to solve these same facial expression decoding challenges.
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1.1. Overall Benefits of the Insights We Present in This Manuscript

Due to human evolution, the ability to produce facial expressions does not infer the
ability to perceive them. In fact, the shortcoming in this lack of inference is the perception
part. We can gain insights by overcoming this shortcoming by relying on technology as an
alternative. The result(s) obtained by image analysis software does not, as we will show,
reproduce the human result. It seems that computer vision is not compromised by a human
brain’s visual perception limits. Therefore, we argue that the insights gained are beneficial
to our understanding and appreciation of visual perception mechanisms.

1.2. Using Al as a Novel Approach to Analyzing Facial Expressions of Pain and Pleasure

One way to perform this analysis would be to query the members of an audience
as to their evaluation of presented facial expressions. Another approach is to analyze
the expressions using image analysis software. We present research results of this latter
approach in this paper.

There exists a considerable amount of literature [2-6] dealing with the recognition and
identification of affective states putatively communicated by facial expressions. Novel in
the approach we present here are the following: (1) to use one Al tool to extract faces from
video frames; (2) to use another Al tool (an autoencoder) to determine their dimension-
reduced feature vectors; (3) to quantify their differences (if any); and (4) to implement
the machinery of multivariate statistical analysis, combined with clustering algorithms, to
detect noise contributions and identify patterns.

For technical and historical reasons, we limit ourselves, in this paper, to focusing on
actresses while they express three affective states: pain, pleasure, and neutral.

1.3. Previous Reasearch into Facial Expression of (Intense) Affective States

While interpersonal interaction via verbal exchanges involves language, facial expres-
sions are also, arguably, a further method to “advertise” one’s affective state and even
more so during many social interactions in which the acoustic channel is blocked (such as a
pantomime or an interaction through a window or while observing from a distance).

For one person to estimate the affective state of some other person, his/her decoding
ability is the foremost prerequisite. Further support for the hypothesis of universality
comes from intercultural studies that have documented that expressions of emotion, among
them joy, fear, sadness, anget, and surprise (but perhaps neither pain nor pleasure; both are
not emotions), are to a large degree universally understood [7-9]; this is also supported by
methodologies using AI [10,11].

Many expressions of affective states are closely linked to these in combination; in-
deed, there is a widespread consensus in psychology that there exist only a small number
of emotions expressed and experienced solely. Some of these are also characterized by
specific—and identifiable—facial muscle contractions [9].

This inferred existence of the in-between ones has led to a codification called FACS
(Facial Action Coding System; [9]). It relies on so-called action units (AU); each unit is
based on the contraction of a subset of facial muscles to create, in concerto, the intended
facial expression. The derived methods are used both descriptively (in the analysis of
the behavior of an individual) and also prescriptively as a template for the animation
of facial expressions [12]. A study [13] of several animations that have been used in
computer graphics focused on the distinction between the facial contribution and the
perceived affective states associated with pain and with sexual climax (pleasure). That study
succeeded in demonstrating a difference of mental representations within the onlooker of
the two affective state expressions.

One can, of course, attempt to down-regulate the expressiveness and thereby control
the amount of information shared (a poker face comes to mind) but there may be limits in
the event of extreme experiences. In the context of sexuality, this issue of pain resembling
grimace during sexual climax has already been described in the so called “Kinsey Report”
(1953). Further examples involving other social situations have recently come to the fore [14].
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Pain and pleasure, as signals of extremely important experiences in the lives of humans,
should be sufficiently well-recognizable by social animals, which humans certainly are.
There is an ongoing debate about the communicative value of these facial expressions [15].
One of the arguments is that they are essential because they provide the interacting partner
with a signaling value that he/she can attribute correctly [16]. One of the counterarguments
is that the groups of muscles contracted during the intense affective states of pain and
pleasure are similar and therefore the only inferable information relates to intensity but
does not provide any valence of the signal [13,17].

Thus, there is a possibility that, even if a difference is indeed present, human perception
is not calibrated well enough to reliably and reproducibly distinguish such details. Perhaps
human vision is unable to adequately cope with the noisiness of the signal and humans
may perceive it as individual differences in expression. In essence, the research involving
facial expressions perceives a limitation in how to overcome these difficulties in traditional
field studies, arguably a gap in available methodology [6]. Al facial analysis should be
able to identify such differences, thus bridging this gap and implying that it is superior
to human vision in this regard. Already in our pilot study [1], this distinguishability was
found in women but not in men. Based on these published outcomes, we increased the
sample size but restricted the study to actresses only.

Facial expressions in some cases seem to be ambiguous to raters whenever they are not
presented with further cues (such as vocalization or body posture); stimuli are oftentimes
acted instead of being real. In one study [18], actors had been trained to act out fear and
anger. The accuracy of their acting ability for the affective state of fear was tested by
comparisons with real-life recordings; the acted expressions differed greatly, it was found,
from the real-life recordings and were more difficult to recognize. In our attempt to further
increase the demands of rigor regarding facial expressions of pain and of pleasure, we
used real bondage, discipline, and sadomasochism (BDSM) acts performed by professional
actors in commercially available videos.

The use of BDSM videos of private persons would infringe on their privacy rights and
we could not reliably infer which affective state is being expressed (we would have to rely
on their statements). In the case of BDSM videos with professional actresses, on the other
hand, we can be certain that the displayed affective state is expressed (being monitored by
the director during production) while the issue of privacy rights is moot. Even though the
actresses are professionals and are probably anticipatory of what the consumer is seeking
or expecting, the stimuli should be considered semi-naturalistic since we, the authors,
intentionally chose companies and brands that have a reputation for their realism. There
are indicators (such as bruises) that the scenario is not enacted symbolically but that the
actresses” experiences are genuine.

1.4. Novelty of the Approach Presented in This Paper

While the analyses of facial expressions of pain and pleasure by BDSM actresses are,
we claim, novel, per se, we go several steps further. We rated the facial expressions using
image analysis software and other Al tools. We present outcomes that indicate to what
extent image analysis software is more reliable than human ratings of the facial expressions
of pain and pleasure.

We extracted feature vectors from the images and quantified differences between the
facial expressions by calculating the Euclidean distance between the dimension-reduced
feature vectors (thus defining the affective state distances). We used these distances to
determine their maximum likelihood (ML) distributions, quantified the noise, and looked
for patterns of these noise-free dimension-reduced feature vectors, which imply patterns in
the actresses’ facial expressions.

1.5. Fields of Study in Which the Results Are of Importance

Applications using image analysis software have become standard in the world of AL
However, because the facial expression of pleasure, for instance, is unreliable, there is a
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potential confusion with the facial expression of pain. The results we present here quantify
the putative unreliability, which should contribute to the development of more refined
algorithms in image analysis software attempting to distinguish these affective states.

2. Materials and Methods
2.1. Materials

We scanned 20 BDSM videos, each showing professional actresses in action. In each
video chosen, using the development of the plot as a reference, five frames with almost
format-filling faces—three frames displaying neutrality, one frame pain, and one frame
pleasure—were selected. Our database thus consists of 100 images displaying three facial
expressions by twenty actresses (no one actress was in more than one video). Ages of the
actresses were not revealed in the (sales) texts describing the videos but they could be
estimated via their facial features and body attributes; the actresses appeared to be within
the 20 to 35-year age bracket.

2.2. Methods

We used Al image analysis software to: (a) extract a rectangle in each of the 100 frames
containing the faces, plus negligible borders; (b) apply a suite of image analysis rou-
tines in the software package (MATHEMATICA® v12.4 from Wolfram Technology) to
align the five faces for each actress in each video; (c) implement feature extraction algo-
rithms to construct a feature vector for each face; (d) dimension-reduce the five feature
vectors to five 2D vectors (which we call dimension-reduced feature vectors) for each
actress’s five facial expressions; and (e) calculate the Euclidean distances between pairs
(“neutral”—“neutral”, “neutral”—“pain”, “neutral ’—“pleasure”, and “pleasure”—"pain”) of
these dimension-reduced feature vectors. Details and code of the software implementation
are listed in Appendix A.

We consider the pain—pleasure dimension-reduced feature vector distances to have
been drawn from a statistical population with an unknown parametric distribution. In
this paper, we restricted ourselves to four parametric distributions: normal, log-normal,
Gamma, and Weibull. We estimated the ML distribution [19] of the pain—pleasure distances
and calculated both the mode and expectation value, as well as the highest density interval
at 95% uncertainty (HDIgse,) [20].

We attempted to quantify noise and looked for patterns as well as possible pattern
structures after noise elimination. To do so, we generated a 20 X 5 matrix (in which the first
three columns are the three distances of neutral from the neutral mean; the fourth column is
the distance of pain from the neutral mean; and the last column is the distance of pleasure
from the neutral mean). We scaled each column by its mean and centered it by subtracting a
vector of 1s. We then performed a singular value decomposition (SVD) [21,22] to determine
how many singular values contribute to the signal. We found that the sum of the first three
singular values squared extracted 89.8% of the square of the Frobenius norm [21] of the
matrix (which we call the scaled, shifted distance matrix). We then applied an unsupervised
clustering algorithm (agglomeration cluster algorithm) to determine whether the rendition

of affective gtates by the actresses are scomented into clusters

O aliecuve stales DY INe adiresses are segmented o Cusiers.

"

3. Results

For each actress, the feature vector of each of the five frames was extracted using image
analysis software. These five feature vectors for each actress were then dimension-reduced
to 2D using an autoencoder (a neural network [22-24] with—in our case—seven layers;
Figure 1). We also determined the 2D coordinates of the mean of the three neutral displays
for each actress (because we argue that they have a commonality, although not necessarily
equality). A result for one actress is shown in Figure 2.
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Figure 1. A symbolic rendition of an autoencoder used for dimension reduction. The 11 inputs (in
the drawing) are represented by blue arrows from left to right. The inputs are conventionally labelled
neurons (hence the name “neural network”). Each input neuron (light blue) has as many outputs as
there are neurons in the next layer. Each ‘yellow” neuron thus has 11 inputs/edges (represented as
thin black lines). Each neuron in the yellow layer has as many outputs as there are neurons in the
next layer: six outputs for each “yellow’ neuron and therefore eight inputs for each ‘green’ neuron of
the next layer. It continues: each ‘green” neuron has as many outputs as there are neurons in the next
layer (consisting of two “‘orange’ neurons) and each ‘orange’ neuron has six inputs. The light blue
neurons on the left are called the input layer while the light blue neurons on the right are called the

output layer. The yellow layers, the green layers, and the orange layer are called the hidden layers.

An autoencoder always has the same number of output neurons as it has input neurons. The number
of hidden layers is part of the design by the engineer constructing the autoencoder. The numerical
values along the black edges between neurons are determined by an algorithm. The autoencoder
attempts to produce an output equal to the input (hence the name “autoencoder’) without being
an identity mapping. An important feature for modern autoencoders is the ability to cut (set to
zero) certain interconnections or make them numerically very small (usually by using a sigmoid
function). The central layer is called the code. If the inputs are the feature vectors, then the numerical
values of the code are the components of the dimension-reduced feature vector. If this is a successful
autoencoder, it detects nonlinear combinations between the components of the (input) feature vector
that can be represented by two variables.

We found that the pain—pleasure distances were rarely less than the pain-mean neutral
and/or pleasure-mean neutral distances. In fact, the 2D points (mean neutral, pain, and
pleasure) for most actresses often formed a near-isosceles triangle (occasionally one close to
being equilateral).
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Figure 2. The locations of the dimension-reduced feature vectors of the facial display of the (labeled)
affective states of one actress. In addition to these five points, we rendered (and used in subsequent
calculations) the arithmetic mean (center of mass) of the neutral states, which we call ‘mean neutral®
for this female. Distances of the dimension-reduced feature vectors for this female are also displayed.

The distances between pain and pleasure were Weibull-distributed. The parameters of
the ML distribution, its mode, expectation, and HDIgse, [20] uncertainty interval are listed
in Table 1 and the pdf of this ML distribution is displayed in Figure 3.

Table 1. Parameters of the ML distribution of the pain—pleasure distances of the 20 actresses; it is a
Weibull distribution. E is the expectation and HDlgsy, is the 95% highest density interval [20].

Parameters ML Numerical Values
WeibullDistribution|[k, A] k=4347A=225
Mode 212
E 2.05
HDlosg, (s1,52) = (0.99, 3.06)

The sum of the first three singular values squared of the scaled, shifted distance matrix
explains 89.8% of the square of the Frobenius norm of this matrix. We therefore looked for
possible clusters in this ‘smoothed’ (noise-free) pattern matrix. We used the hierarchical
agglomerative clustering algorithm and detected six clusters, of which the last two are
isolates. Details of the clusters are described in the figure caption of Figure 4.
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ML Distribution: WeibullDistribution[4.34, 2.25]
pdf
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Figure 3. The ML distribution of the pain—pleasure distances for all 20 actresses. The distribution
is asymmetric, thus displaying the interval mean =4 SD is not meaningful. We used the HDgs,
interval [20] to display the uncertainty. The ML mode and ML expectation are close to midway
between the ends of the HDIgsy, interval, and, furthermore, the ends of this interval are very close to

% x and % x the mode. The shaded area under the pdf-curve has an area of 95%.

scaled
Distance

1.75F

1.50F

1.25F

1.00F

0.75F

0.50

0.25

Cluster ##1 | Cluster 2 | Cluster #3 | Cluster 4 | Cluster ##5 | Cluster 16

Neutraly to Neutral; Pain Pleasure

Figure 4. The clusters detected in the scaled, shifted pattern matrix. Distances are scaled by the
neutral mean. There are six clusters with membership sizes: 3, 3, 8, and 4, along with two further
clusters containing singletons (isolates). We observed the following: (i} In Cluster #1, the distances of
pain and pleasure from the neutral mean are nearly equal and larger than those of the neutrals to the
neutral mean. (ii) In Cluster #2, the distances of pain and pleasure to the neutral mean are also nearly
equal but considerably less than the distances of the neutrals to the neutral mean. (iii) In Cluster #3,
there is hardly any overlap between the pain and pleasure distances, and the pain distances overlap
the neutral distances to the neutral mean. Additionally, the pleasure distances are larger than the
pain distances. (iv) In Cluster #4, the pain distances overlap the neutral distances to the neutral mean,
but the pleasure distances do not; the latter are, furthermore, much smaller than the other distances.
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4. Discussion

The affective state distances between the dimension-reduced feature vectors of the
expressions of pain and of pleasure are not small; they are, however, comparable with the
distances between the three facial expressions of neutral. The facial expressions of pain
and of pleasure are distinct for the image analysis software. We contrast this result with
the observation that human raters cannot successfully distinguish between these facial
expressions [15,25,26].

The three neutral faces of each actress are consistent within Cluster #1 and Cluster #2
but are inconsistent in Cluster #3 and Cluster #4, as well as inconsistent overall (Figure 4).
After reviewing (by visual inspection) the frames used for the analysis, we noticed that
the neutrality appeared to depend on the camera setting. This effect, which we could
not rigorously quantify in this paper, is not a limitation. Raters of the actresses were
also dependent, during their attempted identification of the facial expression of pain and
pleasure, on the lighting and camera setting. Distances between the dimension-reduced
feature vectors of each display of neutral are sometimes comparable to the distances of the
pain—neutral mean or pleasure-neutral mean (Figure 4).

The affective state distances between the display of pain and the neutral mean varied
considerably. Part of this variation, we discovered, was due to noise. Removal of noise
via SVD resulted in distances that were members of one of four clusters (except for two
isolates). It is remarkable, we argue, that the distributions of noise-free distances not only
cluster but cluster into four (non-trivial) clusters. We suspect that the clustering is an effect
ascribable not only to the camera setting but also to the commonalities of expression among
the actresses in each cluster.

The human visual system (we discovered) is not well-equipped to rate the differences
between the facial expressions of pain and pleasure, whereas the Al methods we present
here are (as distances between the dimension-reduced feature vectors). We do note an
added superiority of the Al image analysis, SVD, and hierarchical agglomerative clustering:
we can quantify the noise and remove it prior to the identification of clusters. We do not
argue that training removes errors. A recent publication [26] demonstrated that training
(and expertise) does not remove all perception errors by humans.

Our analyses include a word of caution to researchers investigating the postulated
indistinguishability of facial expressions of pain and of pleasure, especially if they are
relying on data obtained via fieldwork, such as when evaluating ratings. The analyses
presented here deals with how well image analysis software of facial expressions makes
the distinction between the expression of pain versus that of pleasure possible. As we have
documented, there is a small but not-to-be-neglected fraction of noise in the dataset. We
must infer that this (statistical) noise is also responsible for making it more difficult for
humans to correctly distinguish between these two affective states.

By implication, we conclude that our image analysis software’s ability to distinguish
between expressions of pain and of pleasure is superior to the human ability to do so.

5. Conclusions

s hiava Aiaancara A dhat Faaea analiate arlEarass sarn ha aaad 4a . Apsackridse
VVE nave aisCovereda wnat iimage analysis SO0rtware camn o€ used 1o consir

vectors of the facial expressions of pain and of pleasure, and compared them with the
feature vectors of the neutral facial expressions.

Image analysis software of affective states has at least one helpful and one ominous
use. The ominous one is unwanted supervision, which can be used to monitor the affective
states of unsuspecting ‘victims’ (as in, for example, police states). The (numerous) helpful
ones are those that allow for the monitoring of dangerous situations, such as distress,
accident consequences, bodily harm, or situations of enforced, unwanted compliance (such
as in violent situations). We repeat: properly developed image analysis software is needed
to reliably distinguish between facial expressions of pleasure and pain.

The analyses of the outcomes provided considerable information. First, we found
that AI methods can more reliably distinguish between pain and pleasure than humans
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can (thus succeeding in achieving our aim). Secondly, the reduced feature vector distances
(the affective state distances) between pain and pleasure may be comparable to the pain
to neutral distances, implying that identifying the facial expression(s) of affective states is
difficult for humans. As the uncertainty interval of the pain—pleasure distance is very close
to twice the mode of the pain—pleasure distance (Figure 3), we found a further explanation
as to why it is so difficult for humans to visually distinguish between the facial expression of
pleasure versus that of pain. Thirdly, the presence of noise contributes to the explanation of
why humans have such difficulties when confronted with the task of distinguishing between
facial expressions of pain and of pleasure. Fourthly, a clustering algorithm succeeded in
identifying patterns in the noise-free pain—-pleasure—neutral distances’ renditions. Humans
are not successful in seeing noise-free distances, thus we cannot expect humans to identify
the discovered patterns in these distances.
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Appendix A

We used routines supplied by Wolfram Research. We used MATHEMATICA v12.4 for
this study.

In the (explicit) code below, the commands available in the MATHEMATICA pack-
age(s) are written in bold. Variables, parameters, etc., that are included by the authors in
the code are not.

MATHEMATICA uses its own font, namely ‘Consolas’, which cannot be imported
into this camera-ready document for all lines of the program code. The command lines are
therefore written in Calibri and the explanatory text in Palatino Linotype. The explanatory
comments are marked by bullet points, followed by a TAB.

o  Every user has his/her own folder structure. By “path” (below), we mean the path to
the folders containing the video frames.

e  The command line Join[ ... ]is long because it loads a segment of the video dynami-
cally. It is modified accordingly for other videos loaded for further frame extraction.

SetDirectory[“path”]

jpgApleasure = Join[Flatten[Table[StringJoin[”A_pleasure”,StringJoin[{ToString [0],
ToString[il}]” jpgl {i,1,9}] Flatten[Table[StringJoin[“A_Pleasure”,StringJoin[{ToString][jl,
ToString[il}],{i,0,9}1{j,1,4}1,{StringJoin[“A_Pleasure”,StringJoin[{ToString [5], ToString
(0131, jpgl}l

face = Import[jpgApleasure[[25]]]

faceApleasure = FindFaceslface,”Image”,Method — “Haar”,PaddingSize —301]

e The above structure is suitably modified for the other faces of Actress A.
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faceAneutral = ... ;
faceAneutral2 =... ;
faceAneutral3=... ;
faceApain=...;

The five faces are aligned.

{faceAneutral faceA faceneutral2,face Apain,face Apleasure,face Aneutral3};
faceAjoin = FaceAlign[%,Automatic,{60,60},PerformanceGoal — “Quality”];

The proprietary code from MATHEMATICA uses Al (internally trained) to extract
feature vectors from the list of faces.

faceAextjoin = FeatureExtraction[faceAjoin];

The proprietary code from MATHEMATICA uses a neural network to dimension-
reduce the feature vectors.

faceAextractReduce = DimensionReduce[face Aextjoin,2, RandomSeeding —Prime [137]];
MeanAneutralReduce = Mean[Table[faceAextractReduce[[i]] {i,{1,2,5}}1];

The (Euclidean) distances are computed.

distApain = Norm[faceAextractReduce[[3]]-meanAneutralReduce];
distApleasure = Norm|[faceAextractReduce[[4]]-meanAneutralReduce];
distAPainPleasure = Norm[face AextractReduce[[3]]-face AextractReduce[[4]]];
neutralDistances = {Table[Norm[face AextractReduce[[i]]-
Mean|[Table[faceAextractReduce[[j]]{j,{1,2,5}}1111,41,(1,2,5}]
Table[Norml[faceTextractReduce[[i]]-
Mean|[Table[faceTextractReduce[[j]],{j,{1,2,5}}1111,1,(1,2,5}1}

The above steps are repeated for the other 19 x 5 faces; A—B, A—C, ... and so
on up to and including A—T.

painDistances = {distApain, ... ... distTpain}
pleasureDistances = {distApleasure, ... ... distTpleasure}
distancesPainPleasure = {distAPainPleasure, ..., ... distTPainPleasure}

The commands below are used to find the ML distribution of the distances.

distributionList = {NormalDistribution[p,c], LogNormalDistribution[u,o], WeibullDis-

tribution[k,A], GammaDistribution[k,01};

data = distancesPainPleasure;

distNorm = EstimatedDistribution[data,distributionList[[1]]]
LLnorm = LogLikelihood[%,data]

distLogNorm = EstimatedDistribution[data,distributionList{[2]]]
LLlogn = LogLikelihood[%,datal

distWeib = EstimatedDistribution[data,distributionList[[3]]]
LLweib = LogLikelihood[%,datal

distGamm = EstimatedDistribution[data,distributionList[[4]]]
LLgamm = LogLikelihood[%,data]

logLikeList = { LLnorm,LLlogn,LLweib,LLgamm}

posML = Flatten[Position[%,Max[%]]1[[1]]

distML = distributionList[[%]]

The code below is used to determine the HDIgs9, uncertainty interval. Note that the
precision arithmetic requires several hundered (decimal) digits.
distA = %;
weib = distML;
1

s o o 1 [ %
modeWeib = (1 m) %([2]]
modeA = %;
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solutions3 = Reverse|[Table| NSolve[{g == SetPrecision[i(g/.u
— modeA),5MachinePrecision],0 < u
< 1}, u,Reals] / /Quiet, {i,0.004,0.24,0.002}]];
s1s2Solutions3 = Table[{u/.solutions3|[i, 2]], 1/ .solutions3|[[i, 1]] }, {i, 1, Length[%] }];
cdfSolutions3 = Table[{ CDF|SetPrecision|[distA, 5MachinePrecision], u
/ solutions3][i, 2]]]
—CDF[SetPrecision[distA, 5SMachinePrecision], i
/ solutions3|[i, 1]]]}, {i, 1, Length[%%)] }];
funcPts = Transpose[{cdfSolutions3, s1s2Solutions3};
iFun = Interpolation[funcPts, InterpolationOrder — 1J;
s1s2 = Sort[SetPrecision[iFun [0.95], 5MachinePrecision]|;

e The code below calculates the SVD and the approximation using only the first three
singular values.

matPre =

Table[Flatten[{neutralDistances|[i]],painDistances|[i]], pleasureDistances][i]]1,{i,1,20}1;
Transpose[matPre|;

matRed = Transpose[Table| m%[[i]] -1{i,1,5}]};

{Umat3, Smat3, VTmat3} = SingularValueDecomposition[matRed, 3];

mat3 = Umat3.Smat3.Transpose[VTmat3];

e  The code below generates a list of colors needed for the graphics.

Delete[ColorData[ 3, “ColorList”][[2;;]], 2];

Join[%,{Darker|[Brown, 0.15] }, { Green}, {Cyan}];
Join[%,{Darker|Yellow, 0.15]}, {Lighter[Orange, 0.2]}, {Pink}|;

farbe2 = Join[%,{ Darker|LightPurple, 0.1] }, { Darker|[LightGreen, 0.35] }];

o  The code below finds the clusters of the SVD-3 approximated coordinates of the
affective state distances.

clust = FindClusters|mat3, Method — “Agglomerate”, RandomSeeding — Prime [137]];
Table[Length[%/[i]]], {1, 1, Length[%] }]

Length[%%]

Flatten|Table|Position|[mat3, clust[[j]][[i]]], {i, 1, Length[clust[[j]]] }]];

clustPos = Table[Union|%|[j]]], {j, 1, Length|[clust] }];

e A suite of graphics routines (not listed) are used to display the results for the manuscript.
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Abstrakt

Emoce jsou dilezitym aspektem v lidském vyvoji i v
socidlnim chovdni a jejich sprdvné Cteni je kritické pri interakci
s ostatnimi, at uZ se jednd o béZnou socidlni interakci ci
romantické ¢i sexud|ni chovdni. Kromé ctenl emoci je diilezitym
aspektem také jejich prejimdni, resp. zrcadleni na nevédomé
irovni, empatie Typicky je takovéto chovdn viditelné u déti,
kdy také dochdzi k vyvinu téchto emotivnich slozek. Prejimdni
emoci viak miZe byt také negativni, jake je napriklad
duplikovdni agresivniho chovdni. Co se tyce sexudlniho
chovénl, miiZe dochdzet k tomu, Ze toto chovdni je pejimdno z
pornografickych materidli, kde se viak jednd o emoce falesné,
coZ vytvdri mentdlni obraz urcitého sexudlni chovéni, ktery je
povazovdn za sprdvny, aviak je zkreslen ndroky (pornograficke)
filmové tvorby. Zejména diilezitd je tato diskuze v oblasti
sexudlniho ndsili, kdy zobrazované sexudlni ndsili ¢i agrese v
pornografickém materidly miZe znacné zkreslovat piedstavy o
povaze ndsili. Tyto témata jsou diskutovdna zejména s ohledem
na sexudlni edukaci a vzdéldvdni.

Klitovd slova: emoce, prejimdni emoct, sexudlni chovdni,
pornografie, sexudlni ndsili

Uvod

Konzumovini pornografie a sexudlni nasili
Pornografic, tedy prezentace vzruSivych neuméleckych
materidli, které jsou vytvofeny za i¢elem vyvolinivzrugent
u konzumenta, jejiz vkusnost a pifpustnost je dina dobou,
zdkonem a obeenym nihledem jednotlivee (kompilace
nékolika definic upravend autory) je Castdji sledovdna
muzi nez Zenami. Tento rozdil se viak v poslednich letech
snizuje (Ramlagun, 2012).

Sledovani pornografickych materiilit maze ovliviiovat
emocni odpovéd na nevédomé bazi. Ackoliv testované
osoby nemusi reportovat subjektivni pocitovini emoce pri
ur¢ité zobrazované emoci v pornografickém snimku, pfi
laboratornfm méfenf frekvenéni odezvy mozku se ukazuje,

Abstract

Emotions are an essential aspect of human psycho-social
development, and their correct ascription is a crucial element
when interacting with others. That goes for casual everyday
interactions as well as romantic or sexual interactions. Reading
emotions and emotional coupling or mirroring — empathy — is
what makes such interaction understandable and pleasant.
It is important, particularly in children who can absorb the
emotional and behavioral responses to certain situations
from adults, such as aggressive behavior observed in adults.
Pornographic movies may be a source of imitation models.
However, the emotional states depicted in the erotic material
can be manipulated or even completely false, possibly creating
a perception of appropriateness in a viewer. The images of
violence can further grow in the imagination of the consumer.
Therefore, the role of pornography should be discussed from a
didactic point of view, which we attempt in this article.

Keywords: emotion, emotional coupling, sexual behavior,
pornography, sexual violence

Ze dochdzi k piejimdn{ emoci podvédomé (Kunaharan et
al., 2017).

Ackoliv néktefi jedinci mohou vykazovat sklony
k sexudlnimu ndsili pfi zvySené konzumaci pornografic,
nenf stile jednoznaéné, zdali se jednd o kauzalitu. Vyzkumy
na tuto otizku nepfedklidaji jednoznacnou odpovéd a
Casto miiZe byt tato argumentace ovlivnéna pfistupem dané
spolecnosti 1 konkrétniho vyzkumnika (napf. Bachman et
al., 1992; Bouffard, 2002). Nicmén¢ problémem zistivd
nedostate¢né rozli$ovini mezi korelaci a kauzalitou, co? je
bohuzel stile Casty jev.

Predeslé vyzkumy dokonce naznadily, Ze zvySené
konzumovdni pornografie maZe vést k wvyvolinf
negativnich emocf, a tudfz i k sexudlnfmu ndsilf (Wright
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et al, 2015; Paolucci et al., 1997). Sexudlni preddtori
pfitom mohou konzumovat pornografii i signifikantné ve
vetsi mife, neZ primérny konzument (Johnson, 2015). 1
jiné studie ukazujf uZsf souvislost mezi konzumovinim
pornografie, kde se jmenovité vyskytuje né&jaky ndsilny
akt, a sexudlné motivovanymi nisilnymi zloc¢iny (Hald et
al., 2010).

Jiné studie vénujici se vztahu zvySené konzumace
pornografie a sexudlniho ndsili viak nenaSly Zidnou
signifikantni souvislost (napf.: Allen et al., 1995; Ferguson
& Hartley, 2009). Existuje také nékolik studii, které se
spie vénuwi negativnim efektiim zvy$ené konzumace
pornografic z hlediska emoci a Skodlivého dopadu na
socidlni a potazmo sexudlni chovini. ZvySend konzumace
pornografie totiz muZe vést napfiklad ke zvySenym
tzkostem (Szymanski & Stewart-Richardson, 2014),
depresfm (Conner, 2014), & k potizim s erekef pfi interakci
s partnerem (Park et al., 2016).

Pii castéjiim sledovani pornografickych materidli také
dochizi k tomu, Ze konzumenti vyhledavaji postupné ¢im
dal tim vic explicitnéjsi materidly, aby dosahli stejné tirovné
fyziologického vzruseni (Harper & Hodgins, 2016). Tedy
jejich fyziologické vzrudent zistivi stejné, aviak je potieba
stdle siln&jsich podnéta.

Jednd se o tzv. habituace, tedy navyknuti si na stejné
prezentované stimuly, k ¢emu? ndsleduje slab$f sexudlni
odpovéd; tento proces je pfitom piftomny vice u muzii nez
u zen (Koukounas & Over, 2000; Laan & Everaerd, 1995;
O’Denohue & Plaud, 1991). Je mozné, Ze tento proces
je navic pfitomny i v redlnych partnerskych vztazich,
kdy maze dochdzet k navyknuti si na sexudlni podnéty, a
tudiz i k pfipadnému nespravnému urcovini sexuidlniho
vzrudeni. Toto viak muze byt obzvlisté komplikované
v pifpadg, kdy u muzi dochidzi k sexudlnimu vzrugeni a
automaticky pfedpoklidaji stejny emo¢ni stav u partnerky.
Dochizi tedy k nesprivnému ¢teni komunikovanych
informacf.

Urcovani emoci a dvoufaktorovy model emoci
Schopnost odedftat vrazy tvife ostatnich a dostdvat tak tfim
informace o jejich momentdlnim mentilnim stavu, ndladé
a emocich patff k zikladnim a velmi dalezitym prvkiim
v lidské komunikaci. Jiz Charles Darwin (1872) a pozdgji
Paul Ekman (2006) upozoriiovali na dileZitost emoci a
univerzilnost ve vyrazu tvare. Odecitini emocnich stavil
z vyrazu tvife se navic neobjevuje pouze u ¢loveka, ale i u
jinych primidta ¢lovéku piibuznych (Darwin, 1872).

Ur¢ovini emoce lze rozdélit do ti slozek: a) valence
(pozitivni a negativnf, anglicky origindl: Positive and Negative
Affect); b) salience (vysokd a nizkd; znad{ miru proZivancho
emoc¢niho stavu, znadi miru vzrudeni); c) kognitivni
ptifazenf (slouZik oznaceni ur¢itého psychofyziologického
stavu jako ,emoce®). Na zdklad¢ kognitivniho piitazent
spoustéce je ndsledné psychofyziologicky stav uréen a
oznacen jako emoce.

Emoce jako takovd je nejenom prozivina, ale jeji
prozivini je také nékterym z komunikadnich kanila
vysilino a pfijimino druhymi osobami. Pfi takové
komunikaci je viak velmi dalezity vlastni emocni stav
pifjemce, ktery mtize vyznamné ovliviiovat pfijem a
vnimdnivysilané emoce. To se ukazuje zejména dileZité pri
komunikaci s potencidlnim partnerem ¢&i v jiz probihajicim
partnerském vztahu. Spravné ¢tenf a uré¢eni emoce mohou
byt kritické pro dalii interakei s potencidlnim partnerem &
k uchovdn{ sou¢asného vztahu. Emoce mohou byt uréeny
i nesprdvné.

V klitovych studiich Clarka a Sensibara z roku 1955
a Schachtera a Singera z roku 1962 bylo zjid€no, Ze pii
afektivnich stavech maZe byt k danému emoénimu
stavu & vyladénf pfifazen nesprévny vyznam. Konkrémé
vzrudeni z pifvalu adrenalinu muaZe byt vyhodnoceno
jako sexudlni vzrueni. Autofi na ziklad¢ téchto vyzkumi
vytvofili dvoufaktorovou teorii emoci (anglicky origindl:
Two-Factor Theory of Emotion; Schachter & Singer, 1962)
na jejimz zikladé byl pozdéji vytvoren Dvoufaktorovy
emoc¢ni model (Feldman, 1995; viz Obr. 1). Dle této
teoric nenf fyziologickd zmé&na dostate¢nym podnétem,
aby mohlo dojit k vnimdni emoce. Kromé fyziologické
zmény je totiz také nutnd pritomnost kognitivni slozky.
Tedy dany podnét v dané situace miZe zapficinit, Ze je
fyziologickd odpovéd prisuzovina jinému podnétu, nez
ktery ji vyvolal.

Vzruseny

Negativni Pozitivni

Klidny

Obr. 1: Dvoufaktorovy emotni model Feldman, L. A. (1995)
Jednim 2z nejendméjsich vyzkumd, ktery se vénoval
pfejimani a kopirovini emoci, jmenovité tedy agrese a
ndsilného chovinf, je experiment Alberta Bandury z roku
1961. Pfi ném jedna skupina déti v predskolnim véku
sledovala videa, kde figurantka fyzicky napadala a nadivala
hadrové panence. Této skuping pak byly ukiziny hracky,
se kterymi si viak déti nesméji hrit. Pokud jim vSak byla
predstavena panenka z videa, mély déti tendenci sméfovat
svou frustraci ze zdkazu hratek a ndslednou agresivitu
privé nma onu panenku. Druhd skupina déti, kterd videa
nevidéla, toto agresivni chovini nemélo. Doglo tedy
k tomu, Ze déti replikovaly chovdnf, emoce, které vidély,
a které povazovaly v tu chvili jako za ,spravné®, adekvdtni.
Zjednodusené fec¢eno jako néco, co by se mélo délac.

Na tomto misté také povazujeme za dileZité zminit
efekt tzv. emocniho parovani (Emotional coupling; Budell
ct al,, 2010; Caruana, 2020), kdy maji jedinci tendenci
prejimat komunikované emoce protéjsku. Z hlediska
sexudlniho je to pak predeviim sexudlni vzruSeni nebo
naopak diskomfort, jejichZ sprivné komunikovini je
duleZité pro sprivné ¢tenf situace (Aviezer et al., 2008;
Clark & Sensibar, 1955; Younis et al., 2015).

Co se ty¢e dlouhodobych partnerskych vztahu, je
toto emo¢nf parovin{ zejména daleZité, jelikoZ je kritické
pro spokojenost obou jednotlivet ve vztahu, tudiZ i pro
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potencidlni dlouhodobost tohoto vztahu. A privé sexudlnf
slozka partnerského vztahu je jednim z nejdilezitgjsich
atributtt (Montesi, 2011), pfi¢emZ muZi obecné priklidaji
sexualité ve vztahu vési dileZitost ne? Zeny (Peplau, 2003).
Pro spokojenost ve vztahu je tudiz duleZité spravné urcéent
puvodu sexudlntho vzruseni, jelikoz frekvence sexudlnt
interakce je pro oba partnery stejnd, oviem prozivand
emoce ¢i informace, které ob¢ strany komunikuji, mohou
byt odlisné (Birnbaum, 2006). To je dobfe vidét na
pifkladu, Ze pokud maji Zeny niZsi svou vlastni sexudlni
vzrudivost, maji tendenci pfisuzovat nizsf spokojenost se
sexudlni interakef ve vztahu. U muZii se tato tendence
neobjevuje (Baumeister, 2000).

Pokud toto pfejimdni sexudlni chovdni vztdhneme na
sexudlni chovinf u lidf a potazmo i na pfejfmdni emoci,
miizeme usoudit, Ze tento efekt mtize byt velmi ovlivnén
pornografickymi materidly. Pornografie se stala béznou
souddsti nadf kultury (Paul, 2010; Weiss & Zvéfina,
2001) a pro dospivajici jedince tak muize predstavovat
vlastné jediny zptisob, jak pfejimat sexudlni chovini.
Co je viak problematické je fakt, Ze sexudlni chovini
a emoce zobrazované v téchto snimcich jsou vétiinou
hrané, fale$né. Scéndfe jsou svou zdpletkou neredlné.
Zejména se pak jednd o nesouhlas se sexudlnim stykem
a zimérng zdiraznéni prekondni nesouhlasu. Scéndfe
totiz Casto predstavujl vzruSujici fantazie a touhy, které
viak nekoresponduji s typickym sexudlnim chovdnfm.
Svou charakteristikou jsou velmi extrémnim zobrazenim
oproti typickému sexudlnimu chovdni. Sexualita je zde
nadhodnocovina a zdiraznovina. Emoce bézné vyskytujici
se v sexudlni interakci v bézném Zzivoté ¢i partnerském
vztahu jsou tak vétSinou potlacoviny nebo naopak
prehanény. Sexudlni chovini jednotlivet pak timto muze
byt velmi zkresleno a nckoresponduje s preferencemi a
pozadavky partnerti/partnerck.

Emoce v pornografii

Utinkovini v pornografickych snimcich je i pro herce
a herecky vyznamnou emo¢ni praci (Emotional labour).
Jde o aspeke pracovni &innosti, ktery odrdZf miru nutné
emodnf investice do zaméstndnf, keerd je extenzi fyzického
vykondvini zaméstndni (Parvez, 2006). Pro snadné
pochopeni bychom si tento pojem mohli vysvétlit na
povolani servirky. Pfi préci nenf jejim jedinym téelem
zajistit objedndvku, doneseni jidla, kasirovini a sklizeni
ze stolu. Jeji price, navic s ohledem na spropitné, spocivi
také v pfijemné komunikaci se zdkaznikem, doporuceni
a nezifdka také v investici do vzhledu a vyjadiovin{
(Erickson, 2004). Pravdépodobné viichni ¢tendfi si vybavi
situaci, kdy byla obsluha nepifiemnd a dojem z nivitévy
zafizeni om trpél. A také velmi dobfe poznime, Ze
se obsluha pretvafuje. Stejné tak nekvalitni vykon u
herctt a o to vic pornohercti vybudf spfSe vysméch nezli
vzrudeni. Proto je zvySeny tlak na to, aby byly snimky
velmi realistické, a to zejména v extrémnéjSich polohdch
pornografe (jako napt. BDSM snimky, tvrdy andlnf sex,
ddveni pfi orilnim sexu, bolestné vykfiky pfi bicovdni,
zavirdni bradavek do svériku, fackovini a plicin{ atp.).

Pornografic krom toho totiz muiZe ptisobit jako
tzv. supernormdlni stimul (Supernatural stimuli; Barrett,
2010). Supernormdlni stimul je koncept pozorovatelny
v Zivodiiné Fisi; vyuzivd evoluci zafixované vnimdni a
preference a pulisobi jako extrémné silny stimul diky
svému charakteru. Typickym piikladem je kukal¢i vejee.
Kukacka snese do ciztho hnizda své vejce, které je oviem

n&kolikandsobné veti nez vejee ptika, ktery zde jiz své
budouci potomky nakladl. Dany druh ptika mas viak
zafixovany ,stimul® vejce a mnohondsobné vE1 vejee na
néj phsobf jako supernormdlnf stimul, byt se jednd o vejce
cizi. Diky svym extrémné odli§nym proporcim vzbuzuje
silny efekt a matka poté upfednostiiuje toto vejee pred
svymi vlastnimi a pecuje o ngj vice (Barrett, 2010).

Pornografie jako kompenzaéni chovani

Je otizkou, zda by pornografic méla byt tedy pfistupnd
siroké vefejnosti v takové formé jako doposud. Na zikladé
vyzkumu typti konzumentt pornografic se zdd, Ze takovy
pristup neni problematicky a e pornografie genericky
neznamend problematicky sexudln{ Zivot, proZivini, nebo
problémy ve vztazich. Je viak zifejmé, Ze stejné jako tomu
je u ndvykovych litek jako alkohol, kde ob¢asnd umétend
konzumace muze mit pozitivni ti¢inky (ve formé mirného
uvolnéni a zvySeni prozitku), u uréité populace muze
vyvolat zdvislost a muiZe byt nebezpeénd jak konzumentovi,
tak jeho okoli. Bylo by vhodné, a vjinych zemich jiz existujf
zaméfené organizace, vytvofit poradnu pro osoby, které
maji's takovym chovanim problém. V ¢eské republice podle
osobnich sdéleni autortt od odbornikii je takovéto chovini
feSeno v rdmci sexuologické péée, pokud je potieba, ale
nejde o ¢asty problém. V rimci preventivnich programt je
tomuto tématu vénovin prostor, i kdyZ limitovany.

Vysledky studie provedené védeckym tymem vedenym
Vaillancourt-Morel  (2017)  ukdzaly, Z¢ konzumace
pornografie je u jednotlivych skupin spojend s odliSnymi
riziky 1 benefity. Konkrétné rozdélila konzumenty na
3 rozdilné skupiny: asi 75 % bylo vyhodnoceno jako
rekreacni uzivatelé, ktefi spiSe ziskivaji inspiraci, a jejich
sexudlni Zivot neni negativné ovlivnén. Tato skupina je
vice zastoupena mezi Zenami a zadanymi jedinci obou
pohlavi, s malym mnoZstvim sexudlnich problém.
KaZdy tyden tato skupina primérné 24 minut sledovala
pornografické  materidly. Skupina nekompulzivnich
uZivateli (13 %) 1 skupina kompulzivnich uZivatela (12
%) byla vice zastoupena muzi. Skupina nekompulzivnich
uZivateld  byla typicki vysokym emo¢nim stresem
spojenym s konzumaci pornografie, kdeZto skupina
kompulzivni méla stfedné silny emoénf stres spojeny
s konzumaci. Kompulzivni skupina také méla nejmenst
pomér zastoupeni zadanych jedinct.

Je viak také nutné zvizit vliv extrémni pornografie
jakozto kompenza¢niho chovini. Ve studii na velkém
vzorku (vice nez 5000 osob; Barker, 2014), byl diskutovin
vztah sexudlnich fantasii a kompenzace redlné sexudlni
aktivity formou ziskdvdn{ v realit¢ potlacovanych proZitki,
coz dile pffmo na pfipadu pornografic ukazuje studic
Efrati & Amichai-Hamburger z roku 2019 u studentské
populace. Obé¢ studie poukazuji na mechanismy, které
souvisi s prozivinfm druhotného dopadu na vywdienf
sebe sama skrze sexudlni chovini bez interakee s jinou
osobou, které jsou ovlivnény médif a konzumaci materidli
s erotickou a pornografickou tématikou.

Zivér

Pornografie a jeji potencidlni  Skodlivost ¢ naopak
prospéinost vyvolivd debaty 1 v soucasné dobé.
Nejednoznacény  efekt  pornografie  totiz  vede
k nezodpovézenym otizkim, jak sledovini téchto
materidli mtZe ovlivitovat sexudlni chovini. Pfedeviim
u dospivajicich jedinct, ktetf za¢imajf sviij pohlavnf Zivot,
miize byt jejich sexudlni chovini velmi ovlivnéno privé
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chovdnim, které pozoruji v pornografii, ¢asto negativnim,
resp. takovym, ktery je v nesouladu s nastavenim a
preferencemi protéjsku. O to vice je problematické, kdyz
jedinym sexudlnfm chovinim, které lze nezicastméné
pozorovat, je privé pornografie, kterd mize vyvoldvat
zkreslenou predstavu o sexudlnim Zivoté. Tyto materidly
jsou navic ¢asto vytvoreny tak, Ze na lidské smysly ptisobi
jako supernormilni stimul.

Debatu o sexudlni vychové mladistvych by bylo
vhodné vést spiie k edukaci o uZivini a rizicich pornografie
obecné. Pro rodi¢e/zikonného  zdstupce/dospélého/pro
jedince samotného je t&zké presné védér, co “jeho dite”
sleduje a “navic vhodné posoudit”, kde jsou hranice mezi
béznym sexudlnim chovdnim a extrémné zobrazovanymi
sexudlnimi praktikami. Je stdle nutné omezovini sledovini
a dostupnosti videf kviili zachovin{ nepfistupnosti snimki
zobrazujicich skute¢né nelegilni aktivity (napf. détskd
pornografie, skute¢né extrémni nekonsensudlni nasilf).

Tato otizka je rovnéz dulezitd pfedeviim v diskuzi o
tzv. Rape myths, tedy stile se vyskytujicim nesprévném
stereotypnim predsudku o tom, Ze Zeny si za zndsilnéni
¢ jiné nevyzidané sexudlni chovini mohou samy.
V pornografii je totiz velmi ¢astym scéndfem a tématem
zndsilnéni.  Pohlavni  styk, ktery Zena odmitne, je
vynucen a ve vétdiné piipadii Zena nakonec na sexudlni
interakei piistoupi a vyjadiuje spokojenost. Zde je velmi
problematickd pravé faleSnost emoci. Jednak je zde velmi
zkreslen zdkonny koncept ,ne znamend ne“, kdy Zena
odmitd pohlavnf styk pouze zddnlivé, a nakonec k nému
pfistoupf, a jednak je to nejednoznacnost emoct. Ta se tykd
jednak hrani emocf a jednak jiz zminéného zdanlivého
odmitnuti a ndsledného pristoupent na sexudlni akt a jeho
prozivini.

Diskuze problematiky pornografie je dlouhodobgjsiho
charakteru, aviak stdle aktudlni a velmi komplexni.
Doufime, Ze se ndm v budoucich vyzkumech podafi
objasnit vztah ¢teni a komunikovini emoci v pornografii,
previzné sexudlniho vzru$enf a sexudlnf agrese a ndsledné
poznatky prispéjf k celkové edukaci a povédomi o lidské
sexualité a vlivu novych technologif na ni.

Véfime, Ze zvySeni informovanosti o dopadu
supernaturdlnich stimulii na prozivin{ sexuality jedince
dovoli zvySeni miry benefitit ze sledovini pornografie, a
naopak ke snizenf dopadit negativnich.
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Abstrakt

Z evolucntho  hlediska jsou bolest a slast jednim
z nejdilezitejsich procesii pro prezivdni Zivocisnych druhii.
Indikace bolesti napovidd organismu, Ze se md aktu, ktery mu
bolest zpiisobuje, vyhnout, Ze pro néj predstavuje nebezpecia Ze
Je pro néj skodlivd. Naopak slast prindsf organismu uspokojeni
a Fikd mu, co je pro néj piinosné a prijemné. Slast tak miiZe
prindset témér cokoliv, jako je napriklad uspokojent z dobrého
Jjidla, které je rovnéZ diileZité pro preZiti. Avsak ne vidy jsou
tyto dva procesy vnimané jako rozdilné a protichidné. Jsou
oblasti, kdy jeden z proZitkii miZe zpisobit ¢i oviiviiovat druhy.
Konkrétné co se tykd oblasti lidské sexuality, je mnohdy rozdil
mezi témito dvéma velmi intenzivaimi stavy stirdn; prolinaji se
a vyddvajl se, obrazné receno, na stejnou cestu. Bolest totiz
miiZe prindset, nebo potencovat i slast. To md za ndsledek
vyhleddvdni téchto velmi intenzivnich stavi.

Kliicové slovd: bolest, slast, sexudlni vzruseni, lidskd sexualita

Uvod

Evoluéni pohled

Vnimdni bolesti je komplexni fenomén, ktery ma
v centrdlni nervové soustavé vyznamnou odpoved. Dd
se fici, ze v lidském mozku spolu neustile zdpasi, oviem
se 1 navzdjem doplitujf, prozitky bolesti a proZitky slasti.
Jsou to totiz dvé motivace, jelikoz vyhledavin{ slasti ¢i
néceho, co piinddi prfjemné pocity a vyhybdni se bolesti
a nepfijemnym pocitim, jsou jedny z kli¢ovych motivaci
pro preZitl. Bolest a slast tedy byvaji v odbornych
vyzkumech zkoumadny jako dva rozdilné intenzivni stavy,
oviem propast mezi nimi neni aZ tak velikd, jak se muize
zddt (napf. Seymour a kol., 2007; Scott a kol., 2007, Fields,
2007).

To Ze je bolest vyznamnym ¢initelem v lidském
chovini si mtZeme snadno demonstrovat na pfipadu
osob, které trpi mutact, kterd jim znemoziuje citit bolest.
Tato mutace dokonce vyznamné ovliviiuje jejich proZivini

Abstract

From evolutionary point of view, pain and pleasure are some
of the most important processes for survival. The pain serves as
indicator that the causing activity or stimulus should be avoided
for its potential to cause harm. Conversely, pleasure is pleasing
and shall guide the organism or individual towards repetition
and benefit. There are various stimuli that may bring pleasure
such as food that is also beneficial for survival. Thus the two
processes are not always distinct and countering each other.
There are moments when one experience can cause or potentiate
the other. Concretely, human sexuality is a field where the two
can coexist and share the paths. Pain may bring or potentiate
gratification and pleasure. This may be the final reason why
people intentionally search for these intensive experiences.

Keywords: pain, pleasure, sexual arousal, human sexuality

strachu a stresu — které se sckunddrné vyviji na ziklad¢
prozité bolesti (Habib a kol., 2019).

Bolest je mavic velmi dobfe studované téma, jako
mnohé mnegativnf emoce u ¢clovéka. Je jednoduché
(fyzickou bolest) vyvolat v laboratornich podminkich,
je relativn¢ univerzdlni, co se stimult ty¢e (Edwards a
kol., 2004), i presto, ze existuji rozdily v zivislosti na
osobnostnich charakteristikich (Diener a kol., 2009).
Strach a hnév vyvolivi tendence utéct a bojovat (Tooby a
Cosmides, 1990; McCarty, 2016). Naproti tomu existuje
sirok¢é spektrum  pozitivnich stimuld, které jsou velmi
kulturné ovlivnéné, a existuje velmi mdlo stimuld, keeré
jsou pozitivni a naprosto univerzilni. Jako priklad si
muZeme uvést vazbu na jidlo, které obsahuje vysoky obsah
tuka a cukri, které byly v lidské evoluénf historii klicové
pro pieziti (Tooby a Cosmides, 1990; Drewnowski a kol.,
1992). Vyvoldvini slasti, je v laboratornich podminkdch
velmi té7ké s vyjimkou poddvini psychoaktivnich litek
(Haney, 2009) a sexudlntho vzrudeni (Hamilton a kol.,
2008). Nase porozuméni témto mechanismim je oviem
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velmi malé v porovndn{ s proZitky negativnimi, a to ani
nezmifiujeme bolest a slast psychickou zptisobenou
prozitkem.

Bolest, tedy fyzicky diskomfort miiZe byt i jakymsi
mezistupném ke slasti, resp. k potéenf ve formé odmény.
Dobrym pfikladem je forma bolesti u sportovet, kteff
jsou schopni, za vidinou odmény vitézstvim, tuto bolest
Eisteéné potlacit (Bentham, 1996). Slast je tak logickym
vytsténim pfedeslého utrpent, které viak zpétné jako
takové utrpeni vnimané neni a je ,pfebito” pozitivnim
prozitkem z vit€zstvi. ProZitck slasti miiZe byt rovnéz tim
VEtST, ¢fm vesH je predesld bolest. Typickym piikladem je
obranny mechanismus u organismu — ¢im je hrozba pro
organismus vét8i, tfm vEtsi byvd i bolest, kterd agresivngji
spusti obranné mechanismy a mechanismy snazici se
hrozbé vyhnout (Price a kol., 1987). Tento stav se nazyvd
homeostize, jednd se o rovnovahu vnitfnich procesi v téle
organismu. Jakmile dojde k vybocenf z této rovnovihy
negativnim smérem (bolest), snazi se organismus tuto
rovnovihu vyrovnat opaénym pocitern, tedy slasti (Craig,
2003).

V tomto pifpadé lze hovofit také o tzv. Motivation-
Decision Model (model motivace a rozhodnuti), ktery
funguje na bdzi nevédomych rozhodovacich procest
(Fields, 2006). Do tohoto modelu pak spadaji informace
0 vnitfnim stavu organismu, tedy o homeostatické
rovnovize, jako je pocit hladu, senzorické vjemy a
povédomi o piitomné hrozbé a potencidlnf odméné. Dle
Motivation-Decision Model tak teoreticky cokoliv, co je
dulezité)§i pro preziti, md potlacit zptisobovanou bolest a
pozornost md byt sméfovina pfevazné na pieZiti.

Bolest a lidskd sexualita — sadomasochistické chovini

Konkrémi oblastf, ve které figuruje bolest a slast,
a které se chceme vénovat, je lidskd sexualita. Prozitek
z bolesti totiz muZe byt natolik intenzivni, Ze pfinasi
sexudln{ vzruSeni, potazmo je schopen pfivodit orgasmus
ve chvili jejtho nihlého odeznéni (Mayberry a Daniel,
2016). Vztah sexudlniho vzrusent a bolesti ¢i diskomfortu
lze nejlépe zkoumat na sadomasochistickém chovinf,
tedy sexudlnfm chovinf, které je zaloZeno na prijfmani
¢ zplsobovini bolesti, na cileném ponizovini ¢i na
dominanci a submisivité.

V tvahu by pfipadaly jeité studie o sexudlnim nisilf,
oviem nejednd se samoziejmé o konsenzudlnf styk a k
sexudlnimu vzruSeni nedochdzi u obou stran. Nékteré
zdroje navic uvddgji, Ze agrese piisobi naopak jako ,anti-
vzrudivy® element, a tudiz neni kompatibilnf se sexudlnim
vzruenim, jelikoZ neuropfenade¢ nazyvany sympaticky
katecholamin, ktery souvisi privé s hnévem a agresi,
rovnéZ zapfiCiuje dstup sexudlniho vzrudeni u muit,
penilnf detumescenci (Hnasko a kol., 2005; Pecina a kol.,
2003). Ve studiich, které se zabyvaly sexudlnimi zlociny, v
nékterych pripadech k erckei vitbee nedochdzelo (Barbano
a Cador, 2006; Barbano a Cador, 2007). Vzruieni ze
sexudlntho ndsili — mluvime-li o nekonsenzudlnim styku
—nicméné Casty jev je. Zde ho oviem rozebirat nebudeme.

Ackoliv je sadomasochistické chovdni povazovino
nékterymi zdroji za sexudlnf poruchu, v tomto textu to tak
vnimdno nebude a bude piijimdn nizor SM komunit, tedy
Ze se nejednd o poruchu a pifpadné deviantni chovdni,

ale o sexudInf preferenci (Wismeijer a van Assen, 2013).
Rovnéz z hlediska psychoanalyzy se sadomasochismus
povazuje za psychopatologii, oviem sociologické a socidlné
psychologické vyzkumy takovy postoj nezastdvaji — jednd
se 0 osoby emoc¢né a psychicky vyrovnané, které piijaly
svou sexudlni roli a nevybocuji z roli socidlnich (Weinberg,
2006). Jednim z nejdaleZitgjsich aspekei je viak konsenzus.
Neni moZné provozovat sexudlni sadomasochistické
praktiky bez souhlasu viech zicasténych (Lawrence a
Love-Crowell, 2008; Lindemann, 2011; Kolmes, Stock a
Moser, 2006).

Je viak nutné poznamenat, Ze ne vidy je pf
sadomasochistickych praktikich pfitomna bolest. Pod
pojem sadomasochismus mohou spadat rozli¢né prakeiky
— pro tyto praktiky je ¢asto pouZivin pojem BDSM, ktery
se sklddd ze tff zkratek — B/D (bondage and discipline
neboli svazovini a poslusnost/vycvik), D/s (dominance
a submisivita) SM (sadismus a masochismus). (Kolmes,
Stock a Moser, 2006).

RovnéZ zptsobovini & pfijfmdni bolesti nemusi
prvoplinové slouZit privé za ticelem bolesti. Uéelem mize
byt vyjidieni hierarchického rozdélent, tedy k vyjidient
dominantni a submisivni role (Cross a Matheson, 2006;
Wismeijer a van Assen, 2013). Jak tedy lze vidét, v téchto
piipadech nemusi sexudlni uspokojeni ¢i slast pochdzet
ze samotné bolesti ¢i zplisobovdni bolesti, ale prdvé
z rozdilného postaveni tcastniki sexudlnich praktik.
Jedinci praktikujict tuto formu erotickych her tyto akeivity
mohou vykondvat spiSe kvili smyslovému uspokojent, a
ne tolik kvili erotickému uspokojent (Newmahr, 2010).

Jak jiz bylo zminéno vySe, slast muze byt zptsobena
dlevou od bolesti. Toto by bylo mozné aplikovat i
na sadomasochistické chovini. Slast ani tak nepfindsf
samotnd bolest, jako privé uvolnéni od bolesti. Cim je
bolest v&ts1, tim vEtT je tleva, kdyZ bolest pomine a tim
Vet je i vzrudeni z tohoto zdZitku. Stile se viak jednd o
intenzivnf stavy, kdy jeden dopliuje druhy, ani v tomto
piipadé¢ nejsou protichudné.

Sadomasochismus je v dnesnf dob& pfijimdn témef
jako normativni  sexudlni chovini (Weinberg, 2006;
Wismeijer a van Assen, 2013), kdy je brin a provozovin
bez rtznych predsudkd, kterym Celil v minulosti a
dostdvi se jak do béZného Zivota, tak do mainstreamovych
médii (Wilkinson, 2009). Sexudlni vzruseni z bolesti,
popfipad¢ z dominance a poniZovin{ (pifpadné piijimdn{
bolesti a submisivity) je totiz jev, ke kterému md kazdy
¢lovék blizko. Bolest, poslu$nost a oddanost je brina jako
wzpestfent®  klasického® sexudlntho styku a paradoxné
je to privé bolest, kterd je nejjednoduseji ,dostupnd®.
Ze viech lidskych prozitkit md nejblize ke vzrugeni a
je v podstat¢ velmi jednoduché ji provozovat. Existuje
nékolik vysvétlent, proé je timto proZitkem pravé bolest.

Nejednoznaéné prozitky — nespravné uréeni vzruseni
Do schématu vzruSeni z bolesti miiZze také spadat
nespravné uréeni pfi¢in vzruSeni (anglicky origindl:
Misattribution of Arousal), kdy nespravné ¢teni emoct ajejich
ndsledny prenos miize ovliviiovat vinfmdni celé situace.
Napiiklad v klicové studii Schachtera a Singera
z roku 1962 méli muzsti vcastnici vyzkumu za ikol prejit
jeden ze dvou mosta spolecné s Zenskou vyzkummici.
Jeden z mostt byl zav&$en nizko, druhy vysoko a houpal
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se. Nisledné vypliiovali tzv. tematicky apercepéni test
(pfisuzovdni vyznamu nejednoznaénym obrazkiim) a
méli moznost ve dnech ndsledujicich po testu kontaktovat
vyzkumnici pro pfipad jakychkoliv dotazii. Ukdzalo se, ze
pokud muZi prechizeli po vysoko zavéfeném mosté, méli
tendenci €astdji prisuzovat obrizkum sexudlnf vyznam a
Castdji zpétné kontaktovali spolupracovnici. Pokud tedy
doglo k nespecifickému vzrugenf (v podobé adrenalinu
z pfechdzeni mostu), méli participanti tendenci vyklddat
toto vzrudeni jako sexudlni a priklidali mu sexudlni
vyznam.

Je tedy moZné, Ze tento fenomén je piftomny i pti
sadomasochistickém  chovani, respektive v takovém
chovini, kdy je vzruseni z bolesti pfipsino sexudlnimu
vzrudeni. Je viak zfejmé, Ze tento fenomén nenastivi
u viech jedinct. Nekteti jedinci mohou byt na toto
nespecifické vzrusent citlivéjsi, a tudiz pravé jim pak miize
bolest pfindset slast. Kromé vyse popsaného fenoménu
viak do celé problematiky spada i lidsky mozek.

Bolest a lidsky mozek

Z vyzkumt totiZz vyplyvd, Ze poZitek bolesti i poZitek
slasti v nadf nervové soustavé aktivuji insuldrni kortex, tedy
oba poZitky aktivuji stejnou ¢dst mozku (Casey a spol.,
2001; Komisaruk a spol., 2004). S pouZitim magnetické
rezonance bylo dokonce zjiténo, Ze pii orgasmu je
v mozku aktivnich az 30 oblastf, a to véetné téch, které jsou
aktivni 1 pfi bolesti (Komisaruk a kol., 2011). Muze tedy
dochizet k interakei téchto dvou pozitki, pokud jsou v této
casti mozku aktivoviny, co? by vysvétlovalo podobnost
vyrazu tvife bolesti a slasti — viz nize (Komisaruk a spol.,
2006).

Kontext je tak ¢asto velmi dilezitym prvkem, dle
které¢ho lze tyto dvé emoce od sebe rozdélit. Nicméné
v uréitych pifpadech si tyto dva pocity konkuruji nebo
pfinejmensim mohou nastat ve velmi kritkych intervalech
po sobé. Vritime-li se k sexudlné motivovanému ndsilf,
mnoho sexudlnich ndsilnika si ¢asto vylozi emo¢ni stav
obéti jako konsenzudlni a sexudlné Zidouci, nikoliv jako
stav strachu a bolesti (Johnson, 2006).

Bolest a slast v lidskeé tvafi

Z evolu¢ntho hlediska je rovnéz zajimavé, Ze vyrazy
bolesti a slasti u ¢lovéka se velmi podobaji a casto je slozité
je od sebe rozeznat, ackoliv, jak jiz bylo feceno vyse,
jsou tyto dva velmi intenzivni stavy kritické pro preziti
organismu, a to prve i co se ty¢e vyrazu tvife druhych.

Odeéitin{ emoénich stavii z vyrazi tvdfe ostatnich se
objevuje i u ostatnich primdt, kteff jsou ¢lovéku piibuzni
(Darwin, 1872).

Vyrazy bolesti mohou varovat ostatni pred hrozbou
nebo naopak vyvoldvaji empatické pocity, a tudiz zvySuji
Sanci na preziti ve formé¢ pomoci od ostatnich (Williams,
2002). Fyzické vyjadfeni pozitku slasti je tak klicem k
tsp&&nému rozmnoZeni, potazmo k uchovivini vztahu.

Dal3fm zajimavym pitkladem je zji$téni, ze pozitivni
vyrazy tvife jsou rychleji rozpozniny neZ ty negativni, a to
obzvld§mé vyrazy Zenské tvdfe (Grimshaw a spol., 2004;
Hugenberg a Sczesny, 2006). Ovsem toto plati spide pfi
rozpozndvini individudlnich tvidfi. Pokud je napiiklad
vice tvaii v davu, jsou zde rychleji rozpozniny vyrazy
agrese, tedy negativii emoce, a vice pfitahuji pozornost

(Eastwood a kol., 2001). Toto je zfejmé urcené tim, Ze
rozpoznat vyraz agrese ve velkém davu zvySuje Sanci na
varovin{ pred potencidlnf hrozbou a na véasné reagovdnf
(Hansen a Hansen, 1988).

Zeny jsou pritom zdaméjdl ve sprivném odecitinf
emoci z vyrazii tvafe ostatnich (Hall a Matsumoto, 2004;
Hampson, van Anders a Mullin, 2006), oviem muZi
lépe a rychleji rozpoznaji z vyrazu tvife hnév (Rotter a
Rotter, 1988). Nicméné, studie Chena a kolegti z roku
2016 zjistila, Ze vyrazy tvdfe bolesti a slasti naopak od sebe
odliSitelné jsou. Respondenti spravné urcili emoci, coz
by znacilo, ze ackoliv objektivné tyto dvé emoce je tézké
rozlisit, podvédomé¢ poznime jejich sprivny vyznam z
kontextu.

Vyrazy tvife, at jiz pfed zapocetim sexudlnich aktivit,
& v jejich praubéhu, jsou kli¢ové pro prozivinf sexudlniho
vzruseni nebo pro vytvifeni vazeb mezi partnery a mély
by byt studoviny s ohledem na presnost uréeni. V BDSM
komunitich je pro pfipad nespravného pochopeni prozitki
druhé osoby ur¢eno gesto (napiiklad zdvihnuti ruky), nebo
tzv. safe-word (slovo, pfi jehoz vyiceni je jakdkoli dalsi
aktivita zastavena), coZ dovoluje stupiiovini negativnich
prozitki, které jsou souédsti téchto aktivit (Dancer a kol.,
2006). Alternativou muZe byt tzv. semafor, kdy partner,
ktery prijimd submisivni pozici, miize vyféenim barvy
(zelend = mdm zdjem pokracovat intenzivnéji, oranzovd
= rlstaiime nejvyse v této intenzité, Cervend = okamzité
sniZ intenzitu / zastav) intenzitu proZitku regulovat. Je viak
otizkou, nakolik je takovy pfistup praktikovdn v pdrech,
které nemaji predem nastavené hranice a je nutné ode¢itat
emoce pouze z tvife ¢ hlasového projevu.

Zaver

Z uvedeného vyplyvd, Ze je velmi daleZité vnimat
stavy bolesti a slasti nikoliv jako protichiidné prozitky;
nebo respektive chdpat jejich vzdgjemné propojeni. Nelze
je viak ani vnimat, Ze jeden prozitek spousti druhy, tedy ze
se nutné stéidaji. Tyto dva velmi intenzivni stavy totiZ spiSe
koexistuji spolu, vyvoldvaji podobné reakece a navzdjem se
dopliuji. To je z velké ¢isti podminéno tim, Ze bolest i slast
vyvoldvaji velmi podobné fyziologické reakee téla, o cemz
sv&déf 1 aktivovdni stejnych oblasti mozku. Fyziologickd
reakce téla na vzrudenije velmi podobnd reakei na stresové
podnéty a organismu, i nim subjektivné, mohou tyto
dva ,pozitky” pfipadat stejné; ,slévaji se dohromady a je
t¢7ké subjektivng, objektivng, i za pomoci laboratornich
pristroji ur¢it piivod vysledného prozitku. Je potfeba
dalitho vyzkumu pro pochopeni vzdjemné interakce
téchto prozitki, co? ztéZuje fakt, Ze nékeeré observa¢ni
metody v laboratornich podminkich nedovoluji sprivné
odecten{ emoce z vyraza tvife. Naturalisticky vyzkum a
kvalitativni sbér dat ve spoluprdci s komunitami, které se
téchto vyzkumu ticastnf, je tak klicovy pro budouci pokrok
v této oblasti a pfedem jim za jejich ochotu dékujeme.
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Abstrakt

Soucasny stav pozndni: Ve spolecnostech s vyspélou
ekonomikou a prakticky neomezenym pristupem k internetu
(jako je Ceskd republika) je anonymni konzumace pornografie
(¢asto i obsahujici prvky sado-masochismu) béznou soucdsti
zivota. Neni vsak zndmo, jaké cdsti populace se vystavuji
Jakému typu téchto materidli a zda takovd aktivita souvisi s
Jejich vzdéldnim, frekvenci masturbace a do jaké miry je zdvisld
na pohlavi.

Tato analyza dosud ani nebyla moznd, s ohledem na
dostupnou vypocetn( silu a na ni zdvislé postupy statistického
zpracovdni dat. Diky uziti umélé inteligence miizeme tyto prvky
analyzovat viechny najednou a skutecné tak zjistovat souvislosti
mezi nimi.

Cile: Zjistit souvislosti mezi riznymi proménnymi (pohlavi,
partnersky status, vzdéldni) a nepartnerskym sexudlnim
chovdnim  (konzumaci béznych i sado — masochistickych
pornografickych materidlii a frekvenci masturbace). Ocekdvali
Jsme, Ze se icastnici vyzkumu rozdéli do jednotlivych segmentii
s jasné definovanymi vlastnostmi. Ndsledné jsme tyto segmenty
porovnali s demografickymi idaji, konkrétné velikosti mista
bydliste.

Wsledky: Pomoci nast analyzy jsme zjistili, e participant se
rozdéli do 7 jasné definovanych segmenti. Zadny ze segmentii
neobsahuje pouze jedince jednoho pohlavi, vétsina z nich
vsak obsahuje velkou prevahu jednoho pohlavi. Frekvence
autosexudlnich praktik se vyznamné lisi v jednotlivych
segmentech,  stejné  jako  konzumace  pornografickych
materidlii obou typi. Vzdéldni, oproti nasemu ocekdvdni, neni
vyznamnym rozdélujicim prvkem mezi segmenty, stejné tak
partnersky status. Viysokd konzumace pornografie, spolecné s
vysokou frekvenci masturbace, charakterizuje dva segmenty.

Abstract

Background: In societies with advanced economies and
ubiquitous internet access (such as the Czech Republic),
anonymous consumption of porno videos (both BDSM and non-
BDSM) has become widespread. However, it is neither clear
what fraction of consumers in such a society (and its demographic
stratification) consume how much, and how this relates to their
education level, masturbation frequencies and to what extent it
is sex-dependent.

Aim: First, we are interested in associations between various
personal attributes (sex, relationship status, education) and
sexual attributes (BDSM and non-BDSM porn video consumption
as well as masturbation frequencies). We expect the participants
to cluster into distinct segments with well-identifiable features.
Second, we suspect that the segments of personal and sexual
attributes associate with a demographic parameter, namely the
size of the village, town, city in which they live.

The analytical tools were by now unavailable due to
computational power and availability of neural-network driven
Artificial Intellingence based analytical tools.

Results: We find that the participants cluster into 7
segments; none are exclusively of only one sex, but several are
overwhelmingly of one sex only. The spectrum of masturbation
frequencies is distinctly different in the segments, as are
consumption of porno videos of both types. Education levels and
relationship statuses are not good separators. Highly compulsive
porno video consumption, together with high masturbation
frequencies, characterize two segments, while restraining
(conservative) sexual attitudes are characteristic of two others.
Associations with demography are as expected: members with
conservative sexual attitudes are primarily female and live in
small towns and villages, as do males with highly impulsive sexual
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Dalsi  dva  segmenty jsou
konzervativnim pfistupem k sexualité.

Zdvér: Nové a pokrocilé formy statistické analyzy dat
dovoluji identifikaci klastrii dospéljch konzumenti pornografie
na zdkladé jejich auto-sexudlIniho chovéni a demografickych
proménnych, které by bez uziti neuronovych siti nebylo mozné
identifikovat.—

charakterizovdny  spiSe

Kliicové slovd: Neuronové sité — algoritmus DBSCAN
— konzumace pornografie — frekvence masturbace —
demografické parametry — roveni vzdéldni — kompulzivni
sexudlni chovdn.

Uvod

“Zarugen& nejvEd a nejsilngjsf ze vicho zla na svétd
je to, které vyristi z kofent lidské pfirozenosti. Neni
tomu tak snad, Ze tato ¢dst naseho bytf, jenz se pevné vize
k zikladnim silim piirody a ji formované pfirozenosti
¢loveka, ta se ukdzala byt nejvice zvriceni — neukazuje
to snad na veliky problém?” (Hopkinsovd, 1899; preklad
Binter, 2021).

Puritdnstvi, jehoZ byla Ellice Hopkinsovd zdsadni
predstavitelkou poukdzalo na budouci trend v lidské
sexualité. Z nékterych muZi, keetf jsou daleko snadngji
vizudlng stimulovan{ ne? Zeny, se stali vérn{ konzumenti
(pfilezitostné se hovofi i o kompulzivni konzumaci az
nelitkové zivislosti) internetové pornografie. Avsak platf
za to nileZzitou cenu — ovlivnénim sexudlntho vyvoje, stejné
jako preferenci a sexudlniho chovini. U nékterych jedinct
hrozi riziko pretrvivini narudeni psychosexudlniho vyvoje
i v dosp&losti. Deset procent britského vzorku dokonce
tvrdilo, Ze je pffmo zdvisli na konzumaci pornografie
(Logue et al., 2018).

Zvlise u muZi dochdzi k velkému prekryvin{
sexudlnich fantazif a preferenci skute¢né sledované
pornografie (Chivers & Bailey, 2005; Chivers et al., 2010;
Binter etal., 2013; Krejéovi et al., 2018). To ziejmé souvist
sdalsimi dvéma aspekty: (a) vyhleddvini sexudInfho zdZitku
zobrazeného v takovych materidlech a s tfim souvisejict
sexudlni touhy (Galther & Sellborn, 2003; van Lankveld et
al., 2015), a (b) dostupnost sexudlnfho partnera, se kterym
by mél takové sexudlni zkuSenosti (Binter et al., 2012).

Dostupnost sexudlniho partnera, ktery by spliioval
pozadavky konzumentii specifickych typii pornografickych
materidld, se d4 spi¥e pfedpoklidat ve vétsich méstech, kde
budou také pravdépodobnéji bydlet jednotlivci s vy$§im
vzd&linim (jelikoz vysoké gkoly jsou previzné ve vétsich
méstech; Binter et al., 2012). Je rovn&Z pravdépodobné, Ze
ve vétsich méstech se vyskytuje vice osob s mensinovymi
preferencemi (jako jsou BDSM-pozitivnf jedinci; Richters
et al., 2008; Wismeijer & van Assen, 2013). Divody jsou
pravdépodobn& anonymita, vét$i partnersky trh, vice
klubn a lokalit vénovanych okrajové sexualité.

Daliim vlivem na kvalitu partnerstvi a uspokojent
sexudlni touhy, kterd je Casto spojovina s mnoZstvim
konzumované pornografie, je délka partnerského
vztahu. Jedinci, ktefi jsou v partnerském vztahu déle, s
vet3i pravdépodobnosti fantaziruji o jinych sexudlnich
partnerech neZ o téch, se kterymi jsou privé ve vztahu.
Dile pak jedinci, ktef{ podvid&li své pfedchozf partnery,
a t, keeff dfive méli vice sexudlnich partnerd, Castgji
uplatiiujf toto své chovdnf ve svych soucasnych vztazich

attitudes.

Conclusion: Modern, advanced statistical methods can
identify segments of adults with well-defined sexual attributes
and associations with demography that would otherwise remain
undetected..

Keywords: Neural networks — DBSCAN algorithm — porno
video consumption — masturbation frequency — demagraphy
parameters — education status — compulsive sexual behavior.

(Binter et al., 2012, Hicks & Leitenberg, 2001). Naopak
ti partnefi, ktef{ fantaziruji o svych partnerech, budou
pravdépodobné vice projevovat chovini souvisejicl
s partnerskou spokojenosti — jak ukazuji pfedchozi studie
(Birnbaum et al., 2019). Nevyfefenou otizkou je viak to,
zda niZ&i spokojenost ve vztahu souvisi privé s tendenc{
k podvidéni a sledovdni pornografie ¢i jde o dva spie
nezdvislé fenomény.

Duvodit ke sledovin{ online pornografie je nékolik,
napifklad sexudlni vzruSenf; inspiruje také zvédavost
z vlastntho uspokojeni z rozliénych pornografickych
scén, a zvédavost ohledné technik uspokojovint partnera
(Sabina et al., 2008). Data z Ceské republiky ukazujf
rozdil mezi t€mi, kteff jsou ve vztahu, a t&mi, kteff jsou
nezadani (Smutny & Sulc, 2018). Nezadani jedinci Castgji
(17,1 % vs. 12,5 %) sleduji pornografii, aby uspokojili své
tajné touhy; hleddn{ inspirace pro sexudlni Zivot je viak
niz3f 0 13,2 % (21 % nezadanych uvddi takovou motivaci).
Ob¢ skupiny jsou motivoviny ke sledovini pornografie
sexudlnim uspokojenim (v partnerstvi: 59,9 %; nezadani:
66,7 %).

Mize se zddt, Ze pornografiec md pouze negativni
dopady. Existuji také pozitivni vlivy - kompenzaéni
d¢inek, ktery byl prokazin v Japonsku, Dénsku, Finsku,
Chorvatsku, Spojenych stitech americkych a Ceské
republice (Diamond et al., 2011). Zvy3end dostupnost
pornografickych materidld je v dané zemi negativné
spojena se zloc¢iny souvisejicimi se sexuidlnim ndsilim.
Jinymi slovy tam, kde je pornografie dostupni se sexuslng
motivovang kriminalita vyznamné sniZila.

Kromeé toho se zd4, Ze pornografie je mysl otevirajicim
faktorem, a to zejména pro Zeny, které v minulosti
nesledovaly pornografii, a bylo mdlo pravdépodobné, Ze ji
nékdy sledovat budou. Nynf vak pornografii konzumujf.
Pornografie Zendm pomdhd presnéji definovat, jaké jsou
jejich sexudlnf potieby, kontextualizovat tyto potieby a
preference a sndze pfijmout vlastnf sexualitu (McKeown
etal., 2018).

Dal$im vlivem, ktery je tfeba zohlednit je to, jak asto
jedinec pornografii konzumuje. V &eském vzorku, ktery
je nejrelevantngjif pro srovndnf s tim, ktery v této studii
prezentujeme my, byla pornografie konzumovina velmi
zfidka malym procentem muzt (3,4 %), ale pfiblizne
jednou tfetinou (29,5 %) Zen. Vice neZ polovina Zen
konzumuje pornografické materidly n&kolikrdt za mésic,
zatfmco vice neZ polovina muZi konzumuje pornografii 2
aZ 5krdt tydn&. Méné ne? jedno procento Zen konzumuje
pornografii alespoii jednou denné. 11 % muii konzumuje
pornografické materidly nékolikrit denné a 14,4 % alespoii
jednou denné (Smutny & Sulc, 2018).
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Strucnd historie vizudini pornografie

Vyobrazovini pornografic bylo zdokumentovino: (a)
v peripatetickém Recku, (b) béhem Rimské fide (stile
existujicf pornografické vyjevy lze vidét nejen v nevéstinci
v Pompejich, ale také na freskich ve vilich, které byly z
velké ¢Eisti zniceny erupci Vesuvu v roce 79 n. 1. a nyni
jsou vystaveny v Archeologickém muzeu v Neapoli),
(c) v ¢inské kultufe (napiiklad Zhou Fang, 8. stoleti) a v
japonskych (shunga) dievorytech, (d) v indické Kamasutie
(Sinha, 1988), jakoZ jako (e) ve zndmych sochich na
fasddich indickych chrdmt (napfiklad chrdm Kandariya
Mahadeva, 11. stolet).

V &ase posko¢ime ddle, abychom mohli porovnat
moznosti pfistupu k pornografickym mteridliim v obdobf
renesance v Itdlii 16. stoletf a biedermeierovského obdobt
(po Videfiském kongresu 1815) v habsburské monarchii.
Oba tyto pfipady ndm ukazujf snizenf exkluzivity tohoto
artiklu a ddle pak zvySen{ a usnadnéni distribuce.

Zatimco  Raphael  (1483-1520)  maloval  své
svétozndmé fresky ve Stampe ve Vatikinu, jeden z jeho
asistenttt. Romano  (1499-1546; ktery se mél sim stit
velmi slavnym malifem) namaloval na zdi fadu lascivnich
kopula¢nich poloh. Z mnich Marcantonio Raimondi
(1482-1534) vyrobil médéné lepty a distribuoval je v
Rimé. To rozzufilo Pape¥e a uyrhl Raimonda do vézent.
Nicméné tato zobrazenf byla poté znovu reprodukovina
a distribuovdna v knizni podobé, doprovizend extrémné
explicitnimi pornografickymi sonety napsanymi Pietrem
Aretinem (1492-1556).

Tyto I Modi (nejlépe lze pielozit jako kopulacni
pohyby, které zahrnovaly vyobrazeni a popisy anilniho
styku — sodomie nebyla ve vy$Sich vrstvich spolecnosti
vzdy kriminalizovina) byly opakované¢ skryviny a niceny,
kdyz byly nalezeny, a podobné. V roce 1928 objevil Walter
Toscanini (syn slavného dirigenta) exempldt z pocitku
16. stoleti s dfevoryty misto médénych leptd, ktery byl
posléze prodin jinému soukromému sbérateli. O 62 let
pozdéji byly publikoviny reprodukee (Lawner, 1984). V
kontextu tohoto ¢linku je duleZité poznamenat, Ze lepty
a dfevoryty kolovaly pouze mezi bohatymi a moenymi v
Rimé a Benitkich, a byly ¢asto pfijimany spolecnosti.

Béhem Videniského kongresu (1815) bylo erotické
(a pornografické) uméni distribuovino v tajnosti (a
zajisté¢ vaSnivé piijimino). Do obecného povédomi se
dostala série 40 akvarelit zobrazujicich kopula¢ni scény,
které byly faleSn¢ pfipisoviny Peteru Fendimu (1796-
1842). Na rozdil od T Modi v dob¢ renesance byly tyto
materidly mnohem sndze dostupné jak pro prohliZenf, tak i
k potizeni do vlastnictvi a obchodovinf, a to i lidmi z nizs{
$lechty a vrstvy zdmoznych prostych ob&ani. Protagonisty
kopulaénich scén byli také Videnané stfednf tifdy oble¢eni
v biedermeierovském stylu (i kdyZ jen &dstecné kvali
pornografickym vyobrazenim) — co? je znaény kontrast k
obleéent slechty té doby.

V Evropé a Severni Americe se pornografie po
osvicenstvi (od poloviny 19. stoleti) stivala stile vice
viudypfitomnym a masové konzumovanym artiklem.
S vyndlezem fotografie a hlavné filmu, byla umoZzné¢ma
prezentace vizudlnf pornografie pfistupnd stile v&tSim
&stem populace — pfedevifm diky inherentnim technikim
masové produkce a masové distribuce filmovych
materidlt. (Prvni spole¢nost, kterd vyhradné produkovala
erotické a pornografické filmy, byl Saturn-Film, Vider, v
letech 1907-1911).

V dnesni dobé (2021) vedlo zaplaveni pornografickymi
filmy doprovizené jejich snadnou anonymnf distribuci ke
zdanlivé nekritické a téméF neomezené spotfebg. V tomto

Clénku viak ukazujeme, Ze spotieba nenf tak nekritickd, jak
se b&Zné& v&if (viz niZe).

Vyvoj BDSM  (bondage-dominance-sadismus-
masochismus) chovin{ a jeho vizudlnich prvki

BDSM je Zinr a Zivotn{ styl. Musime viak rozliSovat
mezi aktivitami BDSM, které jsou &ist¢ sexudlnf, a
témi, které zahrnuji sexualitu, aviak jsou jakymsi
sotthrnem socidlnich interakei (Foucault, 1990). Ranym
vyobrazenim bi¢ovini se sexuilnim podtextem je Tomba
della Fustigazione (Hrobka biCovini), etruski hrobka
nachizejici se v Itilii, datovand kolem roku 490 pf. n. 1,
zobrazujici jednotlivee, ktefi proZivaji (sexudlnf) slast
a zdrovefi jsou bifovini a plicini rukou (spanking) a
bi¢em (Steingriber, 2006). Poté nisleduje velkd Easovd
mezera v hmotnych diikazech tohoto vyobrazovini. Jedno
z pfeZivajicich ztvirnéni je Satyr bicujici nymfy uvizané
ke stromu, rytina Antonia Carracciho (1557-1602).
Donatien Alphonse Frangois, markyz de Sade, napsal 120
dnf Sodomy a Justinu; oba romdny povaZované za klenoty
BDSM literatury, ve vézenf. VE&iina literdrnich popisii
je viak pravdépodobng &isté smyslend, ale ze soudnich
fizen{ a soudnich obvinéni vime o faktickych popisech
jeho preferenci, za které byl stthdn zejména ve svém mldd{
(Gray, 1998).

Richard Freiherr von Krafft-Ebing byl prvni, kdo
ve svém dile Psychopathia Sexualis (1886) nazval
takové chovdni — ptisobeni jinému bolesti za ticelem
vlastntho potéSeni — jako sadismus a pfidal i dal§f
pojem, masochismus. Masochismus je pojmenovin po
Leopoldovi von Sacher-Masochovi, rakouském §lechtici,
ktery strivil mlddi v Praze. Jeho spisy, stejné jako jeho
sexudlni Zivot, se zaméfovaly na zdmérné piijimanou
bolest, tresty a degradaci. Jeho Venuse v koZichu (1870)
zahrnuje pasize oddanosti, sexuilniho nisili, psychického
tyrdni a feti§ismu.

Modern{ klinické chdpdni sadismu a masochismu
je povaiovdno za nekonsensudlni a li§i se od Sacher-
Masochova. Konsenzudlni sadomasochismus je naproti
tomu v posledni dob& povaZovin za variantu sexudlnf
preference bez negativnich disledki (Federoff, 2008).

Modernf vizudlnf styl a charakter konsensudlniho
BDSM lze hledat u jediného fotografa ze &tyficdtych a
padesdtych let minulého stoleti, ktery vytvofil vzhled, jenz
s tématem BDSM od té doby spojujeme. Byl jim Johna
Alexandra Scotta Cuttsa (pseudonym John Willie; Pine,
2013).

V soucasné dobg pornografickd videa s prvky BDSM
zobrazuji sexudlni chovini, béhem kterého dochizi k
(obvykle konsensuiln{) viméné moci. Nekteré praktiky
jsou zam&feny na fyzické vjemy, n&které na proZitky a
nékteré na dusevni stavy (véetné napiiklad trestu a hran{
roli). Bolest pfitom miZe, ale nemusi byt piftomna.
Myglenkou je spfSe poslu$nost a podifzenost. Nékdy se
k zintenzivnéni proZitku pouZivaji specidlni kostymy
(Binter et al., 2021).

Vék novych technologii

Jeden z nejvétdich a Zivot ménicich technologickych
pokrokti, vznik internetu, mdi na svédomi obrovské
mno#stvi pornografickych materidli. Nabiz{ tak pestrou
paletu materidlé, Ze snad Z4dné pornografické téma
nechybf. Kazdé pdté internetové vyhleddvénf je zaméfeno
na pornografii; kazdy &tvrty respondent vyzkumu m4i ve
svém mobilnim zaifzenf uloZené pornografické materigly;
jedna tfetina obsahu internetu celkové je pornografickd
(Smutny & Sulc, 2018). Pfiblizné 70 % spotiebitelti pouzivd
ke sledovén{ pornografie notebook a nejméné jedna téetina
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jej sleduje na chytrém telefonu. 90 % obou pohlavi vidy
sleduje néco nového, zatimco méné ne’ 25 % muziia 10 %
Zen sleduje pornografické materidly vicekrat. Vétina ne-
konzumentti pornografie méla za cely Zivot jednoho nebo
dva sexudln{ partnery; téméf 1/5 z konzumentti méla vice
nez deset. To dile ukazuje na celkové propojenf sexuality
soukromé a sdflené s partnerem / partnery.

Muzi, ktefi jsou vice zaméfeni na vizuilni prvky,
Castdji sleduji pornografii téméf viech typi a témat
(v€etng, ale ne pouze, materiily zamé&fené na feti§,
skupinovy sex, sexudln{ interakce dvou Zen). U dvou typti
pornografickych témat v jednom z vyzkumii viak Zeny
prevy$uji muze: (a) v BDSM pornografii, kde dominuje
muZ? a (b) v pornografii, kde je piftomné zobrazeni
pfedehry (softcore pornografie). Nebyly mnalezeny
#idné rozdily v pohlavi pro zobrazenf ,b&¥nych“ (nékdy
nazyvanych ,obvyklych“ nebo ,konvenénich“) sexudlnich
aktivit (Krejéovd et al., 2018).

Jak jsme poznamendvali vyse, je téelem sledovini
pornografiec  nejéastdji  spojované s  masturbacf.
Reprezentativni vzorek ceské populace ukazuje, Ze u
obou pohlavi je ndstup masturbace obvykle ve v¢ku 13
let a frekvence se zvySuje do 15 let, kdy jiZ tuto aktivitu
provozuje pravideln® v&dina populace (Weiss & Zv&fina,
2001). Predpoklidd se, ¢ frekvence masturbace md
negativni dopad na spokojenost se sexudlnim Zivotem
(Brody & Costa, 2009), ale odbornici nejsou v tomto
jednotni; v kontextu konzumace pornografie a masturbace
probihd dile diskuze o jejim dopadu na sexudln{ chovin{
jak v pozitivnim, tak negativnim ohledu (Dines, 2010;
Gyamfi & Zalata, 2018, Boschetti et al., 2021; Priifovi et
al,, 2021).

V kontinudlni studii sexudlniho chovini v Ceské
republice (Weiss & Zvé&fina, 1993; 1998; 2003; 2008) bylo
zjidténo, Ze mu¥i masturbuji ¢ast&ji nez feny (muzi 7,1/
mésic, Zeny 5,8/mésic). V roce 1993 potvrdilo pravidelnou
masturbaci 84 % muz, 83 % v roce 1998, 89 % v roce 2003
2 90 % v roce 2008. 50 % Zen potvrdilo masturbaci v roce
1993, 58 % v roce 1998, 61 % v roce 2003 a 65 % v roce
2008. Trvaly nériist frekvence je u obou pohlavi podobny.
76 % muzZi povaZuje masturbaci za pfirozeny jev; stejné
tak 62 % Zen. 20 % muZii povazuje masturbaci za 3patny, i
kdyZ neskodny, zvyk, stejné jako 29 % Zen. 4 % muzi a 9
% Zzen povazuje masturbaci za Skodlivou.

Vyse uvedené charakteristiky nim dokladajf existenci
rozliénych tfid konzumentii pornografickych materidlu.
Vaillancourt-Morel (2017) napiiklad identifikoval tfi:
(a) rekreatni uZivatele (pfiblizné 75 %), (b) kompulzivni
uzivatele (13 %) a (c) ne-kompulzivni uZivatele, ne-
rekreacni uZivatele (12 %). UZivatelé rekreadni (a) uvedli,
%e jejich hlavni motivaci je vlastn{ inspirovini a e jejich
sexudlni Zivot nebyl negativné ovlivnén konzumaci porna.
Zeny byly pievlidajicimi &leny této skupiny a stravily
pfiblizné pul hodiny tydné sledovdnim pornografie. Okolo
13% kompulzivnich uZivateli vak chipe svou konzumaci
jako problematickou.

V dalsi studii bylo zjisténo, Zze 10,2 % ze vzorku
vysokoskolskych studenti a 7,8 % kontrolntho vzorku je
kompulzivnimi uZivateli. Slo obvykle o heterosexudlnf
muZe (pfedeviim mladsi jedince) s klinickymi pfiznaky
kompulzivni poruchy sexudlniho chovini (Castro-Calvo

et al., 2020).
Cile a metody studie

Tento ¢linck se zabyvi riiznym (ale ne nerozlidujicim)
stupném spotieby pornografie ndmi pfijaté dichotomie
(BDSM pornogtafie versus pornogtafie bez prvkt BDSM)

a tfm, jak tato konzumace souvisi s daldimi parametry
ve dvou oblastech: a) demografické kategorie (velikosti
mista bydli§t¢) ve kterych respondenti Zijf) a b) osobnf
charakteristiky (rodinny stav, troveii vzdélini a rovnéz
frekvence masturbace).

Nage metoda analyzy, vyuzivajici metody umélé
inteligence a  klastrovaci algoritmus bez  uéitele
(unsupervised clustering algorithm) — vzorem nenf
rozhodovini ¢lovéka, ale vlastni kategorizace na ziklad¢
dostupnych informaci. Vysledky ndsledné budeme
porovnivat s vySe publikovanymi vysledky dosud
publikovanych relevantnich studif.

Materialy
Vyzkum tykajici se sexudlnich aktivit probihal online
a celkem se ho zicastnilo 902 respondentt z Ceské

republiky. Z toho dotaznik vyplnilo celkem 881 osob
(Tab. 1).

Charakteristika Kaéd Popis kédu
X . A Zena
Biologické pohlavi
B Muz
A Zikladni
- B Stfedoskolské bez maturity
Uroven vzdélani -
c Stfedotkolské s maturitou
D | Vysokotkolské
A Svobodny/4
B V partnerském vztahu
Rodinny stav B ch:lty'/vdarl;i
D Rozvedeny/d
E | Vdovec/vdova
Frekvence konzuma- A | Nildy
ce pornografickych B Velmi zfidka
videf bez BDSM C | Zhruba jednou za 2-3 mésice
D | Zhruba jednou za mésic
ERkvoiite k(wnztqula~ E Zhruba jednou za 14 dnf
ce pornografickych -
videi s BDSM F Zhruba jednou za tyden
G | Neékolikrit za tyden
Frekvence mastur- H | Skoro kazdy den
bace 1 Nejméné jednou denné
Tabulka 1 Ziznam kategorickych proménnych, které

charakterizujf jednotlivé respondenty v nafem data-setu.
Kategorické proménné oznalujici frekvenci  masturbace
a frekvenci konzumace obou typl sexudlnich materidla jsou na
stejné Skdle.

Otdzky se tykaly a) biologického pohlavi (bindrnf
proménnd), b) droveni vzdélini (kategorickd proménnd
o &tyfech prvcich - tj. A-D), ¢) rodinny stav (kategorickd
proménnd o péti prveich — . A-D), d) frekvence
konzumace bézné pornografie, ¢) frekvence konzumace
pornografie s prvky BDSM, f) frekvence masturbace (vidy
sedmistupiiové kategoricke 3kily - . A-G).

Metody

Viechny odpovédi byly kédoviny jako kategorické
nghodné proménné, nékteré jako ordindlni. Zidné
z proménnych nemohou byt povaZoviny za proménné
skdlové — tedy takové, které maji mezi odpovédmi shodné
rozestupy (Blalock, 1960). Misto toho bylo pouZito
kédovin{ tzv. Kéd 1 z n (anglicky one-hot-encoding —
piiklad niZe) abychom ziskali vektor funkce (anglicky
feature vector) ze vSech odpovédi ka¥dého respondenta.




Pévodné prdce

sexuol

Vytvofeni 38-rozmérného vektoru funkef je popsin niZe.
Datovy soubor k analyze tedy sestivd z 38 (pocet prvka k
analyze) X 881 (respondentii) velké matice.

Pitklad kédu 1 z n: pro otizku na “rodinny stav”
existuje pét rtiznych odpovédi (pro zamezeni zimény
s pocitatelnymi (3kdlovymi) proménnymi pfevedeno na
pismena A - E; Viz Tab. 2).

Segment .Po'éetw Vékt{ve: Prflvmér Metiién Mo'dus
jedincid | rozpéti | (vék) (vék) (vék)
#1 184 18-50 33.8 33.0 29
#2 45 18-47 28.4 27.0 19
#3 134 18-49 329 325 28
#4 187 18-50 329 33.0 32
#5 73 18-49 30.7 29.0 26
#6 52 18-50 32.6 335 24
#7 206 18-50 30.3 29.0 29

Tabulka 2 RozloZeni véku v kazdém segmentu a pocet ¢lentt
v kaZdém ze sedmi segmenti. Pozndmka: V&k jedincti v kazdém
segmentu je téméf shodny. Maximdln{ fluktuace puméri a
medidni je 10 %, proto je povazujeme za podstatné pro uréeni
¢&lenstvi v jednotlivych segmentech. Mdédy byly uréeny na zdkladé
KDE rozlozeni véku participantii. V Zidném ze segment neni
vék normdlné rozlozeny — ve skutecnosti zddny ze segmentil ani
nemd analyticky definovatelné parametrické rozloZenf veku.

Vektor funkce pro tuto odpovéd je tedy 5-rozmérny.
Odpoved “A” je nakédovina jako , odpovéd “B” jako ,
odpoveéd “C” jako , atd. Zjistili jsme, Ze tyto vektorové
funkce jsou (a) ortogondlni — jejich skalirni soucin
je 0, tudiz odpovéd kazdého respondenta je nezdvisld
na odpovédi jiného respondenta a (b) norma kazdé
vektorové funkce je 1 — vechny vektorové funkce jsou
normalizoviny, tedy timto pfekédovinim do kédu 1 z n
neni Zidni $kila uméle vytvofena. Kazdy respondent
odpovédel na viech 6 otdzek.

Jako ptiklad si maZeme uvést respondenta, ktery
odpovedél na prvnf tfi otdzky: prvnf odpovéd B (pohlavi
je bindrnf proménnd, tedy B je druhd ze dvou moZnosti),
druhd odpovéd je D (Etvrtd ze étyf moZnosti na otdzku
vzdelanf — tedy nejvy3si) a tfeti odpovéd je C, kterd je
tiet{ z péti moZnosti a oznafuje moZnost vdani/Zenaty.
Nisledny zdpis do 1 z n kédu je nasledujicf: (0 1) (000 1)
(00 100). Vektor funkce je tedy nisledné 11-rozmérny.
. V8imnéte si prosim, Ze vektor jiZ neni normalizovany
(norma je — protoZe pro piiklad byly uZity 3 otizky) a
muZeme nalézt vnitini souvislosti mezi jednotlivymi
komponenty matice. KdyZ se podfvite na tabulku & 1,
kterd obsahuje dotaznik, zjistite, Ze celkovy pocet otdzek je
6. Proto md normu a celkem 38 rozmért (Tab. 3).

Kategorie populace Pocet obyvatel (v tisicich)
A <1
B 1-5
6] 5-20
D 20-100
E 100-1000
R >1000

Tabulka 3 Vlastnosti vztahujici se k velikosti mista bydlist&
(vesnice, malomésta, velkomésta) ve kterém participanti Zili.
Pozndmka: V kategorii ,A" jsou vesnice a mésta s méné nez
jednim tisicem obyvatel a v kategorii ,F* je mésto s vice jak
Jjednim milionem obyvatel (Praha). Detaily vztahu velikosti mésta
a sexudlniho chovini jsou diskutoviny v textu.

D4 se pedpoklddat, Ze obsahuje (a je jich ziejmé velmi
mnoho) vnitin{ souvislosti. Nenf téeba, aby 38-rozmérny
vektor funkef byl ortogondlni s jinym 38-rozmérnym
vektorem funkef.

Abychom mohli vyuit vzdjemnych vnitfnich
souvislosti v datech, pouzili jsme neuronovou sit
o sedmi vrstvich - autoencodér (Mohri et al., 2018; Strang,
2019). Do analyzy vstupuje 38-rozmérmny vektor funkei a
vystupuje taktéZ 38-rozmérny vektor funkcf. Avak stfedn{
vrstva mi pouze 3 uzly (anglicky nods). Neuronovi
sit se tak snaZi na kazdé stran¢ symetricky tak, aby se
vstup rovnal vystupu (na zdklad® kritéria konvergence).
Stfedn{ vrstva neuronové sfté o tfech uzlech tak vytvoif
tifrozmérny vektor, ktery odstrani nadbyte¢né vzjemné
vazby mezi 38 komponenty ptvodniho vektoru funkef.
Tyto tfirozmérné vektory (nazyvané vektory funkef se
snizenim rozmérii; anglicky dimension-reduced feature
vectors) jsou ve trojrozmérném prostoru (Obr. 1).

Body ve trojrozmérném prostoru, ktery vznikl
na zdkladé¢ redukovini rozmérd, nejsou rovnomérné
rozmisténé (Obr. 1). Nisledujicim krokem je nalézt
shluky (klastry - segmenty) téchto bodi. Z mnoha
dostupnych klastrovacich algoritma (v piipadé nasich
dat jsme vyzkou3eli 7 riiznych typti) jsme zvolili variantu
k praméra (anglicky K-means), kterou jsme dosihli
nejlepsiho, opakovatelného, vysledku. Touto metodou
bylo vytvofeno sedm klastrti (barevné odliené v Obr. 1).

Véech 7 segmentii
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Obrizek 1 Distribuce vektori funkef po sniZenf mnoZstvf
rozmérii dat 881 respondent, kteff se dcastnili studie. Ne&ktef{
z respondentd méli naprosto shodné rozklady funkci, proto
je v grafu pouze 667 bodt. Z vizuilni analyzy distribuce dat
je moZné vyvodit, Ze nejsou uniformné rozloZené a proto je
vhodné tato data rozdélit do jednotlivych segmentt klastrovacim
algoritmem. Pfisluinost k jednotlivym segmenttim je oznacena
pomoci barevné 8kily, celkovy pocet barev (a klastrti) je 7 a
toto rozdéleni bylo dosazeno pomocf k-priiméri algoritmem
po analyze neuronovymi sitémi. Osy a vzdjemnd vzddlenost
bodii mezi sebou nemd Zidnou vypovédni hodnotu a nelze
interpretovat. Segmenty (vzniklé klastrovacim algoritmem)
naopak vypovédni hodnotu maji. Skrze analyzu teplotnich map
(Obr. 2) Ize tyto segmenty charakterizovat. V textu jsou popsiny
Jjejich konkrétnf interpretace.

V tomto ¢linku nazyvime tyto klastry segmenty.

Mime moZnost reverzn& ovefit, v jakém segmentu se
ty které body nachdzi a jakym zptisobem jsou rozdéleny
v piivodnim 38-rozmérném vektoru funkef a nisledné tak
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urtit, k jakym konkrétnim odpovédim se vztahuji. Tuto
metodu jsme vyuZili k tomu, abychom mohli prezentovat
(formou nestatistického sumativntho vyjidfeni — obcas
hanlivé oznalovaného jako ,poiftini fazol* [been-
counting]) rozloZeni konkrétnich odpovédi v jednotlivych
segmentech (Obr. 2).

Obrazek 2 Teplotni mapy relativntho rozlozeni odpovedi
&lenit kazdého ze sedmi segmentli. Segmentace vznikla za
uziti klastrovactho algoritmu k-priimérti na zikladé rozloZeni
rozmérové redukovanych dat od 881 respondentti (Obr. 1). Dalsf
popis je v textu.

Zajimalo nds, jak se rizné atributy ¢lent segmentt
(jejich pohlavi, droven vzdélinf atd.) spojuji s populaéni
kategorii, kde Ziji (v dobé, kdy se dotazniku zicastnili).

Prvnim  krokem bylo zkontrolovat jednotnost
kontingenéni tabulky (kategorie populace versus &islo
segmentu) pomoci testu . Jak podrobnéji rozvedeme
nize, vysledek testu zdaleka neni informativni. Proto
pouzZivime mnohem informativnéjsl vySetifovaci ndstroj:
Korespondenénf  analyza (anglicky conrrespondence
analysis; CA; Greenacre, 2007; Beh & Lombardo, 2014).
Tento ndstroj je zaloZen na singulirnim hodnotovém
rozkladu (anglicky singular value decomposition; SVD;
Leon, 1998; Strang, 2019) 3kilované kontingenéni tabulky.

Vysledky

Pomoci algoritmu k-priméri jsme zjistili rozloZeni do
sedmi segmenti, v nichZ se vyskytuje rozdilny pocet
flentt — nejsou tedy velikostné srovnatelné. Tabulka 2
shrnuje pocty jedinct v kazdém z jednotlivych segmenta.
Obrizek 1 pak zobrazuje prostorové rozdélenf klastrii. Pro
kazdy klastr (segment) ndsledné vygenerujeme teplotni
mapy (anglicky heat-maps), které nim dovoluji vizuilné
vyhodnotit rozloZen{ jednotlivych odpovédi v danych
segmentech, jak je mozné vidét v Obrizku 2.

Na zikladé spoletné se vyskytujicich znakdi nisledné
charakterizujeme jednotlivé znaky spole¢né pro cely
segment:

Segment ¢ 1 (,Bénd populace®) (obr. 2a): Ac¢koli
se jednd ,jen“ o zhruba 1/5 z celého vzorku, tito jedinci
jsou nejlépe charakterizovdni jako ¢lenové s neobvyklymi
sexudlnfmi postoji v liberdlnt spoleénosti. Zeny a muzi jsou
téméF rovnomérné rozd€leni; zhruba 1/3 m4 stfedogkolské
vzdElini bez maturity a zhruba 1/3 mé vysokoskolské
vzdélini. Zhruba 1/3 je vdand a mdlokdo je rozvedeny.
Konzumace pornografickych videf bez prvki BDSM je z
velké &dsti mezi ,téme&F nikdy“ a ,maximdlné jednou za
¢trndet dni“. Konzumace BDSM pornografickych videf je
mezi ,nikdy“ (~ 1/3) a ,téméF nikdy“ (~ 1/3). Cetnosti
masturbace se vyskytuji ,zffdka“ (~ 1/4) a jednou nebo
dvakrit za mésic (~ 1/2).

Obrizek 2a

Konzumace pomografie - demografie Segment1 A =184 (= 20.9% | Total)

Frekvence masturbace
Konzumace BDSM pornografie
Konzumace pornografie bez BDSM
Radinng stav

Uroven vzdélani

Biologicke pohlavi (Z/M)

Segment #2 (,Sexudln¢ touzic! muZi s nizkym
vzdélinim®) (obr. 2b): Jedinci z tohoto segmentu tvoif
~ 1/20 vzorku, tito jedinci jsou nejlépe charakterizovdni

jako prevdzné muZi s velmi vysokou sexudlni spotiebou
(pfedevsim neinteraktivnf: ~ 2/3 nejsou v partnerském
vztahu). Zhruba 1/2 md stfedoskolské vzdelini bez
maturity a zhruba 1/4 md vysokoskolské vzdélint. Spotieba
pornografickych videf bez BDSM i BDSM je vice nez
jednou tydné (the former more than daily for ~1/5 of the
members). Frekvence masturbace je velmi vysokd, de facto
denné az nékolikrit denné.

Obrizek 2b

Konzumace pornografie - demografie Segment2 4 =45 (=5.11% | Total)

Frekvence masturbace
Kenzumace BDSM pomegrafie
Konzumace pomografie bez BDSM
Rodinny stav

Urovet vzaslant

Biologické pohlavi (Z/M)

Segment & 3 (,Zeny s velmi nizkou sexudlnf
aktivitou®) (obr. 2¢): Jedinci z tohoto segmentu tvori ~
1/7 vzorku; tyto de facto viechny Zenské participantky jsou
nejlépe charakterizovdny jako Zeny s velmi malou sexudln{
konzumacf, které ziidkakdy sleduji pornografickd videa bez
BDSM a nikdy se nedivaji na BDSM videa. Jsou pfevdZné
v partnerském vztahu (~ 2/3); ojedinéle ovdovélé (~ 1/8).
Zhruba 1/3 mi stfedoskolské vzdélini bez maturity a vice
nez 1/3 md vysokoskolské vedélani. Frekvence masturbace
jsou rozdéleny: ~ 1/2 zfidka masturbuje, zatimco ~ 1/3
masturbuje nékolikrit tydné.

Obrazek 2¢

Konzumace pornografie — demografie Segment3 =134 (=15.2% | Total)
Frekvence masturbace ;
Konzumace BDSM pomografie
Konzumace pormografie bez BDSM
Rodinny stav

Uroven vzdalani

Biologické pohlavi (2/M)
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Segment €. 4 (,Muzi s velmi, velmi vysokou sexudlnf
aktivitou®) (obr. 2d): Jedinci z tohoto segmentu tvoff ~
1/5 vzorku; tito de facto vSichni muZzsti jedinci jsou nejlépe
charakterizovini jako muzi s velmi vysokou spotiebou
videi bez BDSM, kteff nikdy nebo téméF nikdy nesleduji
video s BDSM. Jsou pfevdzné bez partnert (~ 1/2); nekteff
jsou Zenatf (~ 1/4) Zhruba 1/2 m4 stiedoskolské vzdélini
bez maturity a 1/3 md vysokoskolské vzdéldnf. Frekvence
masturbace je velmi vysokd: vice ne? 2/3 masturbuje
jednou tydné nebo vice ne’ jednou tydné.

Obrazek 2d

Konzumace pornografie — demografie Segment4 A'=187 (=21.2% | Total)

Frekvence masturbace
Kanzumace BDSM pomografie
Konzumace pomografie bez BDSM
Rodinng stav

Uroveit vzdélani

Biologické pohlavi (Z/M)

Segment & 5 (,Zeny s téméf Zidnou sexudlnf
aktivitou®) (obr. 2e): Jedinci z tohoto segmentu tvoii ~
1/8 vzorku; tyto de facto viechny Zenské participantky
jsou nejlépe charakterizoviny jako Zeny bez konzumace
videf s BDSM i bez BDSM a nikdy nemasturbujici (mald
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vyjimka ~ 1/5). Jsou pfevdzné bez partnerti (~ 1/3) nebo
ve vztahu (~ 1/3) nebo jsou vdané (~ 1/4). Zhruba 1/3 md
sttedoskolské vzdéldni bez maturity a 1/4 vysokogkolské
vzdéldnf.

Obrizek 2e

Konzumace pornografie -~ demografie Segment5 N =73(=8.29% / Total)
Frekvence masturbace
Konzumace BDSM pornografie
Konzumace pornografie bez BDSM
Rodinny stav

Uroven vzdetani

Biologické pohlavi (ZIM)

Segment ¢ 6 (,Muzi bez partnerského vztahu s
extrémné vysokou sexudlni aktivitou®) (obr. 2f): Téchto
nékolik milo jedinct z tohoto segmentu tvoff ~ 1/17
vzorku; tito de facto viichni muZsti jednotlivci jsou nejlépe
charakterizovdni jako muzi s velmi vysokou konzumaci
videf bez BDSM (2/3 denné) a velmi vysokou frekvenci
masturbace (vice nez 1/2 denn¢ a ~ 1/5 vice nez jednou
denng). Jejich konzumace BDSM videfl je pfekvapivé
rozli¢nd; téméf rovnomérné rozloZena po celé gkile. Jsou
pieviiné bez partnertt (~ 1/2) nebo ve vztahu (~ 1/3),
ale jen zitdka jsou v manZelském svazku. Mnoho z nich
(témét 1/2) md vysokoskolské vzdélini.

Obrazek 2f

Konzumace pornografie — demografie Segment6 N =52(=5.90% | Total)

Frekvence masturbace
Konzumace BOSM pomografie
Konzumace pomografie bez BDSM
Rodinny stav

Uroven vzdetani

Biologické pohlavi (Z/M)

Segment & 7 (,Zeny vyjimené s partnerskym
vztahem s vysokymi frekvencemi masturbace®) (obr. 2g):
Jedinci z tohoto segmentu tvoii ~ 1/4 vzorku; tyto de
facto viechny Zenské participantky Ize charakterizovat jako
zeny s vysokym podilem vysokoskolského vzdélinf (téméf
1/2), pfevdzné bez vztahu (1/2) nebo ve vztahu, oviem
ne vdané (1/3) a s vysokou frekvenci masturbace (1/2 od
ctrndctidenni az po dennf; ostatni jeSté vice).

Obrazek 2g

Konzumace pornografie — demografie Segment 7 N=206(=23.4% / Total)

..

4

Frekvence masturbace

g
=
|

Konzumace BDSM pornografie
Konzumace pornografie bez BDSM
Rodinny stav

Urover vzdélani

Biologické pohlavi (ZIM)
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Zaznamenali jsme, Ze (biologické) pohlavi je ve vét3iné
segmentii nevyrovnané. Rovnéz jsme také zaznamenali,
Ze extrémni odpovédi (jmenovité kategorie nad ,G*) na
spotfebu pornografickych videf bez BDSM a s BDSM,
stejné jako frekvence masturbace, jsou zastoupeny velmi
fdce, pokud viibec.

Celkové miZeme v ka¥dém segmentu pozorovat urcité
snadno identifikovatelné charakteristiky jednotlivcd. Tyto
charakteristiky jsou ¢asto posme$né charakterizovdny
jako ,stereotypni®. Je pozoruhodné, Ze bez ohledu na to,
%e jsou takto oznaleny, skute¢né jde o identifikovatelné

charakteristiky. Napiiklad Zeny v Segmentech & 2,3 a 5 Zij{
ve vesnicich a mensich méstech (viz niZe). Jejich postoje
k sexualité jsou pomérné omezené (,konzervativni®).
Méjte prosim na paméti, Ze ne vSechny segmenty populace
jsou si velikostné rovnocené — privé naopak.

Zijistili jsme, e &lenové v riznych segmentech se
vyznacujf odlinymi sexudlnimi postoji, at uz jde o frekvenci
jejich konzumace porno videi bez prvki BDSM nebo
s BDSM, a/nebo frekvenci (self-reportované) masturbace.
Obr. 3 ukazuje, Ze jejich rozd&leni pozorovanych frekvenci
se jevi jako nejednotné (4. nezdvislé na poltu segmenti),
protoZe pocet &lentt v riznych segmentech se navzdjem Li3f.

Obrazek 3

—
s
0%
b 5w
0%
s
0%
€ nsu
0%
1.5%
B 150%
125%
1won
A 5%
sox

Obrizek 3 Rozlozeni demografickych proménnych a ¢enstvi
v jednotlivych segmentech. Teplotnf mapa ukazuje vztah mezi
Jjednotlivymi segmenty (sloupce) a demografickymi proménnymi
(Fadky). Cislo v kazd¢ dlazdici vyjadiuje pocet osob, ktery se
v daném primiku vyskytuje. Poéty zobrazené v dlazdicich jsou
vyjidfenim podilu segmentu, jehoz clenové Ziji v lokalit¢ s danou
velikostt mista bydlisté. Poznimka: S ohledem na nestejnou
velikost segmenttt Zdddme Ctendfe o opatrnost v interpretaci
procentudlniho zastoupenf.

Obr. 4 ukazuje kontingenéni tabulku pro vztah mezi
kategorif populace a ¢islem segmentu. Testem jednotnosti
této kontingenéni tabulky je -test (Baguley, 2012). Tento
test vak pouze specifikuje pravdépodobnost pozorovin{
nehomogenniho rozdélenf; neodmitd nulovou hypotézu
homogenity rozdéleni. Ve skutecnosti je to tak, Ze -test
nedokdze vyhodnotit, zda je zamitnuti nulové hypotézy
uéinéno oprivnéné, tento fenomén je zndmy jako klam ze
strany Zaloby (anglicky Prosecutor’s Fallacy; Spiegelhalter,
2019). ,Bohuzel, hodnota P je ¢asto mylné interpretovina
jako pravdépodobnost, Ze nulovi hypotéza (HO) je
pravdivi.

Obrazek 4
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Obrizek 4 Vysledky korespondenéni analyzy zjiStujici vzdjemné
asociace mezi segmenty a velikosti mista bydlité (také viz Tab.
3) Cervené oznafené jsou segmenty a fialové oznadené jsou
kategorie velikosti mista bydlisté. Stfepinovy graf (Tab. 4 vlevo)
ukazuje tii rozméry, které je tfeba k vyhodnoceni vzdjemnych
asociaci. Asociace byly nalezeny za pomoci algoritmu DBSCAN
(Ester et al., 1996). Vice informaci je obsaZeno v textu ¢lanku.

“Tato chyba se nazyvd klam ze strany Zaloby“... Mald
hodnota P (napfiklad P = 0,05) ndm tedy pouze fikd, ze
v kontextu tohoto predpokladu doslo k nepravdépodobné
uddlosti. * (Krzywinski & Altman, 2017).

Kromé toho, Ze jsou st¢zi informativni, existuji
jesté dva dalsi nedostatky testu : (a) vysledek testu
(vyznam) neinformuje vyzkumnika o tom, zda a jaky md
nchomogenita (je-li pfitomna) za nisledek pozorované
rozdélent a (b) jaki ¢dst distribuce (rovnomérnd nebo jind)
je zptisobena Sumem (statisticky $um, anglicky statistical
noise — $um je zptisoben nihodnosti a nevysvétlitelnymi
zménami v datech, jeho opakem je signdl, ktery se snazime
v datech odhalit). Pomér Sumu a signdlu v datech je mozné
testovat. Také je mozné pouzit metody, které nejsou
Sumem penalizoviny, jako korespondenéni analyza (CA;
Greenacre, 2007; Beh & Lombardo, 2014).

Abychom demonstrovali rozdil ve vysledku bézné
uzivanych metod, data jsme zanalyzovali pomocf - testu i
pomoci CA, abychom zjistili, zda se ¢lenstvi v jednotlivych
segmentech dd asociovat (nikoli korelovat) s dal$imi
demografickymi proménnymi.

Pro -test: bylo dosaZeno signifikance 0,596. Znovu
upozoriiujeme, Ze tato hodnota jednodu$e uvidi, jak
pravdépodobné nebo nepravdépodobné je zaznamendnf
tohoto rozdéleni demografickych kategorif, aniz by bylo
mozné uéinit zivér o platnosti nulové hypotézy. Hodnota
0,596 tedy naznatuje, e tento vysledek neni neobvykly,
pokud pfedpoklidime nulovou hypotézu rovnomémeého
rozdéleni — nic vic (Altman & Krzywinski, 2017).

Didle jsme uzili singulirni hodnotovy rozklad na
(8kdlované) kontingenéni tabulky a ziskime jejich
singuldrni rozklad a to nakolik pfispivaji k druhé mocniné
Frobeinovy normy (Tab. 4).

Kinter
oo
oo
oas
oo
o00s
T 2 3 4 s & =
Singular Value | (Singular Value?* | Fraction | Cummulative Fraction
Index No. 5
Aindese Nindex: (%) (%Y
1 0.160 0.0256 472.3 473
- 0.129 0.0165 30.5 778
3 0.07%0 0.00625 115 894
4 0.0746 0.00556 10.3 99.6
5 0.0139 0.000192 0.4 100.
6 o 0. 100.

Tabulka 4 Vystup z analyzy SVD (Leon, 1998) ze (3kdlované)
kontingenéni tabulky (Obr. 3) Nalevo: Sutinovy graf (anglicky
Scree Plot) druhych mocnin hodnotovych rozkladia. Vpravo:
Vycet hodnotovych rozkladi; jejich druhych mocnin; hodnoty

jednotlivych &sti Frobeiniovy normy téchto druhych mocnin;
soucet podili édsti Frobeiniovy normy druhych mocnin. Prvni
tfi hodnotové rozklady maji nejvy$¥f hodnotu, téméf 90 %.
Musime vzit v potaz, Ze 10 % druhych mocnin Frobeinovy normy
woif Sum. Je tedy nutmé vytvorit 3D graf, ktery ndm pomiize
interpretovat vztah hodnot ze (Skdlované) kontingenéni tabulky

(Obr. 4).

Uvedené druhé mocniny singulirnich hodnotovych
rozkladi (normalizované) kontingenéni tabulky ndm
poddvaji informaci o tom, Ze existuji asociace mezi
jednotlivymi  segmenty (sloupce) a demografickymi
proménnymi (fidky), jak je patrné v Obr. 4. MizZeme
vyvodit, ze 3 singuldrnf hodnotové rozklady ndm vysvétlujf
90% signdlu obsazené¢ho v datech. Naproti tomu -test nds
pouze informuje o tom, zda jsou hodnoty rovnomérné
rozlozeny (respektive dostateéné rovnomeérné rozlozeny).
Analyza pomoci kontingenénich tabulek nds tedy
jednoznaéné informuje o existenci asociace mezi segmenty
a jednotlivymi proménnymi.

Obr. 4 demonstruje tyto souvislosti. Tyto souvislosti
byly urceny za pomoci klastrovaciho algoritmu DBSCAN
(Ester et al., 1996) v kombinaci se¢ (3-rozmérnymi)
soufadnicemi ziskanymi ze singulirniho hodnotového
rozkladu. Vztahy, které jsme odhalili, jsou ndsledujici.
Segment &. 1 (,B&Znd populace®) se nejvice pojf's velikost?
mésta D (20 — 100 ds. obyvatel). Segment & 4 (,Muzi
s velmi, velmi vysokou sexudlni aktivitou®) je nejvice
asociovdn s velikosti mésta E (tedy nad 100 tis. obyvatel) a
segment & 6 (,Muzi bez partnerského vztahu s extrémné
vysokou sexudlni aktivitou®) je asociovany s velikosti
mésta F (Praha). Segment & 7 je (,Zeny vyjimecné
s partnerskym  vztahem s vysokymi frekvencemi
masturbace®) se neasociuje s Zidnou velikosti mista
bydligt¢ a je tedy relativné rovnomémné rozloZen mezi
viechny tyto velikosti. Segmenty ¢. 2, 3 a 5 jsou asocioviny
soucasné s velikost! bydlist¢ v kategorii A, B a C, tedy
obecné vesnicemi a mésty do velikosti 20 tis. obyvatel.

Upozoriujeme, ze tyto tfi segmenty (€. 2, & 3 a &
5) maji 252 ¢lent (29% vzorku), ale Ze sexudlni postoje
v téchto segmentech se znacné lisi. Z tohoto ditvodu
nemusf byt ¢lenové v riznych segmentech povazovini za
jednotné ve svych sexudlnich postojich, pfestoZe Ziji ve
vesnicich a malych méstech. Je pozoruhodné, ze segment
¢. 2 obsahuje pfevazn¢ muzské cleny, kteff jsou sexuilné
velmi, velmi aktivni, a to jak s ohledem na konzumaci
pornografickych videi, tak na frekvenci masturbace.
Segmenty ¢. 3 a & 5 obsahuji pfevdzng Zeny, které Ziji ve
vesnicich a velmi malych méstech. Na rozdil od muzq,
kteff Ziji v téchto vesnicich a malych méstech, majf
pozoruhodné omezené (,konzervativni®) sexudlni postoje.
Stereotypné formulovdno, zdd se, Ze Zeny dodrzujf Zivotn{
styl, ktery, jak se zdd, prosazuje vyhybdni se sexudlnim
touhdm, sexudlni zvidavosti a aktivitnim sexudlnfm
aktivitdim. Zdd se, Ze muZi jsou sexudlné frustrovani a v
opaéném chovinf (oproti Zendm) hledajf uvolnéni.

Diskuze

Vnasfstudiijsme pouZili novou metodu zaloZenounaumélé
inteligenci, kterd odhalila rizné shluky charakterizujicf
jednotlivce na zdkladé jejich sociodemografickych
charakteristik a dvou druhii konzumace pornografie. Nase
vysledky jsou porovnivany se zjisténimi v jinych, pfevizné
éeskych studiich. Je tfeba zduraznit, ze Ceskd spoleénost
je povaZovina za velmi otevienou a tolerantni (v politicky
liberdlni terminologii) v sexudlnich otdzkich (Widmer
et al., 1998). Zjistili jsme, ze v Ceské spole¢nosti existuji
zna¢né skupiny jednotlived, které takto charakterizovat
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nelze.

Této studie se zhGcastnili participanti ve véku 18-50 let,
kteff méli byt reprezentativnim vzorkem &eské populace,
jak muzeme vidét v Tabulce 1. Zddny ze vzorkii nemd
participanty mladsi 45 let. Obr. 4 také ukazuje, ze rozdéleni
participantii napfi¢ populaénimi kategoriemi je dosti
rovnomérné (coz ukazuje i test). Jakdkoli nerovnomérnost
véku (a co se tyée vzdélini atd.) je proto zpiisobena
zvlaStnimi sexudlnimi atributy v kazdém segmentu.

Daldi problém: drovenni vzdélini ,C* (ukonceni
stfednf Skoly) je v kaZdém segmentu zastoupena nizkym
procentem. Toto nizké procento je nevyhnutelné, protoZe
ve ,vyspélych spoletnostech® (f. ve spoletnostech s
dobfe strukturovanym systémem tercidrntho vzdéldvin{ a
odpovidajicim ekonomickym zdkladem) studenti stfednich
3kol obvykle piechdzeji na vysoké $koly, univerzity atd.
Pouze kvuli nshodnému nalasovani{ dcasti na dotazniku,
kdy mohli byt participanti ve fizi pfechodu ze stfedni
3koly na instituce tercidrniho vzdélivini, divd odpovéd
kategorie C (ukonéenf stfednf skoly) smysl. Blizif pohled
na segmenty odhali (Obr. 2), Ze tento fenomén nezpitisobi
zidny rozdil ve vyhodnocenf dat.

Charakterizaci a popis atributii ¢lenit v riiznych
segmentech mohou kritici nazyvat ,stereotypem®. Zde
uvedené statistické metody viak dokumentuji, Ze takové
stereotypni popisy jsou nejen vhodné, ale také dobie
podporoviny na$imi zjisténimi. Skute¢né zjiStujeme, Ze
urdité ,typy“ muzi a Zen se nejpravdépodobnéji vyskytuji
napfiklad ve vesnicich a malych méstech a jiné ,typy“ ve
velkych méstech. Nabizf se otdzka, zda kategorie obyvatel
odvozuji sociologické deskriptory, napiiklad ,liberlnf*,
ykonzervativhi®, ,neprogresivni* atd. Upozoriiujeme, Ze
(a) takové sociologické kategorie zfejmé existuji a projevuji
se ve zméndch sexudlntho postoje mezi segmenty; a b)
sociologické postoje 1ze zjistit konzumac{ pornografickych
videf a rozdilnymi frekvencemi masturbace v riznych
segmentech. Tyto klastry jsou statisticky nezdvislé
jednotky (a popirajf tvrzenf o expresi urcitych rysi, které
jsou normdlné distribuoviny v populaci; del Giudice,
2009), tedy zjisteéni, které by mohlo byt nipomocné pro
budoucf terapeutické a vyzkumné price.

Zjistili jsme, Ze nae statistickd metodologie je velmi
d¢innd pfi detekei dvou aspektit konzumace pornografie
souvisejicf se sexualitou a &etnosti masturbace (self-
reportované). Protoze jsme analyzovali velky vzorek (881
tcastniki), ktery md velmi dobré (téméf reprezentativn)
rozlozeni po celé Ceské republice, olekivime moZné
podobnosti v t&chto distribucich atributd, soub&iné
s demografickymi kategoriemi, v jinych zemich se
srovnatelnou  infrastrukturou, dobfe strukturované
tercidrni vzdélivaci systém a vysp&lé (vice high-tech nez
vyrobni) ekonomiky.

Za dcelem nalezeni segmenta jsme vyuZili
Klastrovactho algoritmu DBSCAN  (Ester et al., 1996)
v kombinaci se (3-rozmérnymi) soufadnicemi ziskanymi
ze singuldrntho hodnotového rozkladu. DBSCAN je
algoritmus, ktery pracuje bez ucitele (unsupervised
clustering algorithm), takZe neni pfedem definovino,
kolik segmentti vznikne. Dile pak je vyznamné zminit,
Ze dovoluje moZnost vytvifeni segmentii obsahujicich
pouze jeden prvek — jednotlivee v nafem piipadé. Toto
je vwhodou oproti alternativnimu algorytmu K-medioid,
ktery by byl zivisly na pfedem definovaném mnoZstvi
segmentd a nedovoloval by moZnost vzniku vyse
zminénych jednoprvkovych segmentt.

Pro ¢tendfe midZe byt frustrujici, Ze pfi ¢teni tohoto
textu neni schopen identifikovat jednotlivé segmenty za
pouzitf teplotnich map bez dopomoci umélé inteligence

(Obr. 2). Jde o dusledek toho, Ze¢ uméld inteligence je
schopna tf{dit na zdklad® mnoha kategorii soucasné, na
rozdil od nds — lidf — kteff jsme ,od pifrody“ nastaveni
na to, abychom se soustfedili na jednu ¢ dvé rozdélujict
kategorie. Algorytmy umélé inteligence jsou navic
schopny, na rozdil od ¢lovéka a jeho pfirozeného tifdéni,
jasné& a smysluplné vyfiltrovat nepodstatné a opakujict se
informace, které nepfinasf zlepeni signilu oproti sumu.

Abychom se mohli zabyvat konkrétnimi poznatky,
které muzeme spojit s pfedchozimi zji§ténimi, povazujeme
za dileZité zalit tim, e segmenty nikdy nesklidaji
jednotlivci jednoho pohlavi. Jiné vyzkumy ukazuji velky
pfesah mezi sexudlnimi preferencemi, pfestoZe vyhody
pro piislunika jednoho biologického pohlavi nemusi byt
u druhého evidentné pfitomny (Binter et al., 2013). Mezi
pohlavimi muiZe existovat velmi vyznamny rozdil (Del
Giudice, 2009), ale to nevyvozuje nulovou piftomnost
druhého pohlavi v segmentu. Obé pohlavi se vyskytujf ve
vétsiné nasich detekovanych segmentt, konkrétné 4 ze 7
maji alespoti 15 % druhého biologického pohlavi.

Segment & 1 obsahuje 20,9 % viech déastnikd, z
toho 41 % jsou muZi. Participanti z tohoto segmentu
maji kladny vztah k sexu a bavi je pornografie, ale spiSe
jako inspirace (Smutny & Sulc, 2018) ne# jako primirni
prostiedek uspokojent; Ize je povaZovat za bezproblémové
konzumenty (Logue, 2018). Nejvétdi segment &. 7, s 23,4
% viech ucastnikd, se sklddd prevding z zen (84 %), které
jsou spife experimentdlné zaloZené a oteviené a sdileji
charakteristiky bezproblémové pornografické konzumace
se segmentem ¢ 1. Jedinci v tomto segmentu viak majf
vysokou miru konzumace pornografie s prvky BDSM.

U dvou segmentt (€. 2 a & 6) pozorujeme nutkavou
potiebu konzumace pornografickych materidla, jak bylo
také pozorovino v jinych studiich (Gaither & Sellborn,
2003; Vaillancourt-Morel, 2017; Logue, 2018). Clenové
segmentu & 6 ,MuZi bez partmerského vztahu s extrémng
vysokou sexudlni aktivitou® jsou obvykle muZi bez
partnerského vztahu, ktef{ ddvaji pfednost pornografii
bez prvkit BDSM. Zijf v Praze (jediné mésto v Ceské
republice s vice neZ 1 milionem obyvatel) a majf vysoké
vzdélini. Jejich sexudlni charakteristiky tudfZ nejsou
podminény nedostatkem partnert. Pro ¢leny v segmentu &,
2 (,,Sexudln touZici mu?i s nizkym vzdélinim®) se naopak
spotfeba pornografie a vysokd frekvence masturbace jevi
jako kompenzaéni mechanismus kvili nedostupnosti
konsensudlniho partnera (Binter, 2013; Smutny & Sulc,
2018). Tito, pfevainé muzi, maji nizké vzdélini a Zijf v
mensich méstech; takZe jejich pozice na partnerském
trhu neni vysokd (Edlund & Sagarin, 2014). Jejich vysokd
spotfeba videa s prvky BDSM nazna¢uje kompenza¢ni
mechanismus a online masturbace (pravdépodobni)
behem t&chto videf slouZ{ jako naplnénf jejich sexudlni
touhy (Smutny & Sulc, 2018). Tyto dva segmenty, ve
kterych se frekvence masturbace blfZ{ maximu (denné nebo
Jjedte castdji), dohromady tvoif piiblizng 11 % (5,11 pro &. 2
25,90 pro &. 7) vzorku — ve shod& se Smutny & Sulc (2018),
Mnoho dal$ich studii zabyvajicich se problematickou
konzumaci pornografie rovnéz zjistilo virovné pfiblizné 10
% (Castro-Calvo et al., 2020). Jednim z pfedpoklidanych
mechanismt maze byt opakované uspokojeni zptisobené
suprnormilnim  stimulem. Takovy ,superstimulus®
(Prasovd etal., 2021) je zaloZen na ,vyladéni® percepéniho
systému jednotlivee tak, aby maximalizoval zisk (Buchholz
et al., 2021), kdyZ jsou mu prezentoviny riizné stimuly, z
nich? jeden je vnfmdn jako ,lep3f neZ skuteény* (napiiklad
nadmérnému vejei ze sidry divd ptik prednost pred
vlastnimi vejci; Tinbergen, 1953); tedy chovdni, které
je vésinou maladaptivnf. Zvld$t€ frustrujici by pro tyto
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muZe mélo byt sdilenf socidlniho prostoru se Zenami ze
segmentt & 3 a & 5., které jim nedovoluje dostate¢nou
(sexudlnf) interakei.

Segmenty ¢ 3 (,Zeny s velmi nfzkou sexudlnf
aktivitou®) a & 5 (,Zeny s témé&f zddnou sexudlnf
aktivitou*) maji dva spolené rysy; jednim je Zivot v malych
méstech (coz md za ndsledek sni¥enou 3anci na setkdn{
s partnery). Dal3f je extrémné nizkd frekvence sledovani
pornografie. Algoritmus tak ukazuje, Ze Segment & 5 se
od ¢ 3 li&f a to zejména mérou sexudlni touhy, kterd lze
odvodit z frekvence masturbace. Naproti tomu ¢lenové
v segmentu ¢. 3 maji rtiznou ndchylnost k masturbaci
(véetné jejich vysokych frekvenci). Je pozoruhodné, Ze
segment & 3 zahrnuje nejvy$si podil rozvedenych osob a
nejnizf polet nezadanych. Domnivime se, Ze segment &.
3 obsahuje ¢leny, ktefi majf ze socidlnich divodii nizkou
sexudlni aktivitu. MoZnd n&kteff z téchto jednotlivcil
mohou pfechdzet mezi partnerskymi vztahy. Obecné
muzeme o&ekdvat, Ze tito lidé budou mit nizkou socio-
sexualitu (Penke & Asendorpf 2008), pravdépodobné méli
v minulosti milo sexudlnich partnerii a jsou sexudlné
inhibovani.

Zivér

Pouziti neuronové sité prekondvd nékolik statistickych
problémit. Jednim z nich je ,prokleti dimenzionality
/ prokletf vicerozmérnosti“ (anglicky curse of
dimensionality). Neuronovi sit zmensila rozméry z 38
na 3, aniz by eliminovala jakékoli informace (jmenovit®
vzijemné zivislosti mezi komponentami pivodniho
38-rozmérného vektoru funkei). PouZiti klastrovych
algoritmti miize odhalit spole¢né rysy mezi segmenty
populace: jakymi charakteristikami sexuality (frekvence
masturbace, spotfeba pornografickych filmt/videf a
partnersky vztah — co? je také indikdtor sexuality!)
disponujf v dobé dcasti na dotazniku.

V sekei Diskuse jsme vyhodnotili, na zdkladg vystupi
analyz, Ze kategorizace respondenti do jednotlivych
segmentt nenf pouhou moznosti, ale Ze jde o rigorézné
obhajitelnou metodu, kterd dovoluje vyvozovani existence
oddélenych skupin (segmentd), které maji typické
vlastnosti (vztahujici se k jejich sexualité), spoleéné
s ostatnimi ¢leny stejného segmentu a odli¥né od vlastnost{
osob v segmentu jiném, za pouZitf umé&l¢ inteligence.

Sexudlnf charakteristiky nejsou rozdéleny rovnomérng
ani demograficky. Z lékafskych a psychologickych
hledisek jsou ¢lenové v segmentech, které vykazujf
piili§ kompulzivni sexudlni chovdni, jako je masturbace
(doprovdzend konzumact pornografickych videf) vyrazng
nad normilem. ,Normdlni“ spotfebu lze ve skutenosti
zjistit metodami AlI, které zde uvddime. Je vhodné
zamy3let se nad odbornou pomoci pro tyto jedince,
s kompulzivnim sexuilnim chovinim. Sexuologové a
terapeutiéti specialisté zabyvajiel se pomocf témto lidem
mohou ziskat uZite¢ny nihled na to, jak je takové nutkavé
chovini ve vzdjemném vztahu s frekvencemi masturbace
a konzumaci pornografickych videf s prvky BDSM a bez
prvkit BDSM. Clenové opatného extrému, ti s velmi
potlatenou sexudlni aktivitou a konzumaci, mohou také
potiebovat terapeutickou intervenci. Diikazy pro tuto
potfebu jsou wvzdcné; spoletnost, zdd se, nepovaZuje
tyto lidi za ty, ktefi potfebuji vice napliiujici sexudln{
uspokojenf.

Dile zjistujeme, Ze pozorovand stratifikace sexuality
md demograficky aspekt. Nekteré typy sexudlnich postojit
se vyskytuji pouze ve vesnicich a malych méstech,
zatimco ve velkych méstech jsou viechny sexuilni postoje

piitomné, i kdy? v rtiznych distribucich. Toto je, pokud
je ndm znimo, prvni studie, kterd takové souvislosti,
zaloZené na datech, poskytuje.
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ABSTRACT

Our research consisted of two studies focusing on the probability of humans being able to perceive the
difference between faces expressing pain versus pleasure. As controls, we included: smile, neutral facial
expression, and expression of fear. The first study was conducted online and used a large sample (n =
902) of respondents. The second study was conducted in a laboratory setting and involved a stress
induction procedure. For both, the task was to categorize whether the facial expression was rated
positive, neutral or negative. Stimuli were faces extracted from freely downloadable online videos.
Each rating participant (rater) was presented with five facial expressions (stimuli) of five females and
of five males. All raters were presented with the stimuli twice so as to evaluate the consistency of the
ratings. Beforehand, we tested for stimuli differences using specialized software and found decisive
differences. Using a Bayesian statistical approach, we could test for consistencies and due-to-chance
probabilities. The results support the prediction that the results are not repeatable but are solely due to
chance, decreasing the communication value of the expressions of pain and pleasure. The expression of
fear was also rated due to chance, but neither neutral nor smile. Stress induction did have an impact
on the perception of pleasure.

Keywords: perception, emotion, facial expression, visual stimuli, BDSM, pain and pleasure,
Dirichlet distribution, Bayesian statistical approach, Cold Pressor Task
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INTRODUCTION

Previous studies of stimuli assessment

The ability to estimate, or even deduce, another person’s inner feelings and emotions via facial
expressions (visual cues) is an essential component of human communication. This ability is
particularly important when the communicated facial expression is related to danger, harm,
fear, and anger on the one hand and to happiness and surprise on the other (Donato et al,
1999).

Facial expressions have high communicative value for humans; their ability to associate
facial expressions with an inner state has been studied in multiple cultures (Ekman 2006;
Matsumoto & Kupperbusch, 2001). These studies resulted in Discrete Category Theory with
seven universal, expressed emotion categories: anger, contempt, disgust, fear, joy, sadness, and
surprise. Each of these is considered to be the result of complex grimaces arising from distinct
psychophysiological, muscular and neurological activations (Izard, 1994).

A model competing with the aforementioned model, the Circumplex Model of Emotions,
describes emotions and the associated facial expressions as a two-dimensional phenomenon
(rather than the discrete categories of the Discrete Category Theory); it is characterized by two
perpendicular dimensions, namely valence and arousal (Russell, 1980; Posner at al., 2005). A
positive value along the valence axis is often considered the result of the motivation to
approach some favorable situation while, conversely, a negative valence is to avoid some
unfavorable one. The intensity of an expression is along the arousal axis. The coordinates along
these two dimensions are inferred from the observed facial expression; this 2D vector is the
emotional assessment attribution.

These two models differ in how to characterize and distinguish each emotion; they make
their predictions either by using categories or by quantifying facial expressions. These
competing approaches promise straightforward differentiation possibilities. The
characterization outcomes need not be equal; we pursue this issue in this manuscript.

Recent studies showed that it is very difficult to correctly identify facial expression of
intense emotional states. Aviezer et al. found that the facial expression of intensive states of
opposite valence, such as when a tennis player reacts to winning or losing, were not correctly
identified by the raters participating in the study (Aviezer et al,, 2012). Such counterintuitive
observations have been supported by further recent studies (Hughes & Nicholson, 2008;
Wenzler et al, 2016). It has, therefore, become evident that humans are not very good in
assessing a facial expression displaying an intense emotion in the absence of some
contextualization. Contextualization may include auditory (De Gelder & Vroomen, 2000),
body posture (Martinez et al., 2016) or some other contextual cue (Zhou & Chen, 2009;
Wieser & Brosch, 2012; Kayyal et al., 2015; Alviezer et al., 2017).

There are further influences on perceiving facial expression, such as variabilities of the
raters. For example, the biological sex of the rater has been shown to systematically affect the
rating of facial expressions (Rotter & Rotter, 1988; Thayer & Johnsen, 2000; Hall &
Matsumoto, 2004; Hampson et al., 2006). An evolutionary argument maintains that the facial
expression of anger is more easily assessed by males, as they were expected to provide
preemptive protection — via anger recognition in an adversary (Rotter & Rotter, 1988). The
superior ability by females in other facial expressions has been considered to be adaptive and
emerged during our (human) evolutionary history. Because women are the primary care-
givers, so the argument, they need to successfully assess the facial expressions of care-receivers.
The biological sex of the raters of pain and pleasure expressions has been previously
investigated (Hughes & Nicholson, 2008). Their results showed that pain and pleasure
expressions are modulated by the biological sex and facial expression of the sender. Female
raters showed a better performance in recognizing female expressions of pain. However, in the
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Hughes & Nicholson study, the only facial expressions considered were pain and pleasure and
no other known universal facial expression (such as fear or joy).

We note that, in previous studies, the facial expressions of differing emotions were
portrayed by different male/female faces, therefore preventing investigators to explore the role
of the varying expressivities of the persons expressing the emotions via their faces.

Furthermore, the inner state of the individual rating the stimulus can affect the rating. This
is true for both arousal and valence (Pell, 2005; Storbeck & Clore, 2008). In several seminal
studies, stress was induced by exposure to heights and situations wherein participants expected
an electrical shock. A modern — more ethical, yet equally reliable — alternative is to increase
physiological arousal by the Cold Pressor Task (Bullinger et al., 1984). It consists of immersing
a subject’s extremity into ice water for a specified period of time (Mitchell et al., 2004). The
sympathetic nervous system is functionally related to the psychological concept of arousal
(Dawson et al,, 2000) and is responsible for mobilizing the organism’s resources to meet
internal physiological demands as well as those of the external environment (Salvia et al,
2012).

Studies presented in this paper
Our studies are designed to overcome some of the methodological limitations of previous
studies dealing with facial expression of intense affective states.

Aim of Study I: to clarify the consistency of the assessment of such expressions, focusing on
the (biological) sex of the rater as well as the biological sexes of the rated (expressers). The
stimuli used were images of facial expressions with high (pain, pleasure and fear) and low
(neutral and smile) intensity. Previous studies have shown that it is quite easy to recognize
smile, fear and neutral and more difficult to recognize pain and pleasure. Each emotion is
expressed by each male/female face (they are the two sets of 25 stimuli), so we can control for
the sex and the expressivity of the rated individual.

We generate our own set of stimuli by using picture frames from videos that depict
consensual acts of extreme sexual activities. We adopted a categorical methodology in which
there are three ratings: positive, negative, or neutral. We predicted that, if the individual has
been exposed to a negative stimulus (pain, for instance) — the grimace (with expected high
intensity), will be rated as negative. In a manifestly opposite stimulus (pleasure, for instance)
the rating should be positive.

Aim of Study II: to conduct a follow-up study which evaluated the impact of the inner state
of the rating individual. The procedure was similar to Study I with the addition of inducing a
stress (Cold Pressure Task) in order to manipulate the inner state of the raters.

METHODS

Sample

Expressers’ Faces: In order to be consistent with the published terminology, we use the terms
“expressers” and “faces” to describe the individuals who were shown in the 50 video frames as
stimuli. We specify the biological sex of the expresser with the terms male and female. The
biological sex of the expressers is evident from the video frames.

Raters: In order to be consistent with the published terminology, we use terms “expression
raters” and “respondents” to describe the individuals who were presented with the stimuli and
who provided their ratings. We specify the biological sex of the expresser with the terms male
and female. The (biological) sex we list is the respondent’s self-reported one. We deleted all
ratings (1 = 4) of respondents who did not report their biological sex.
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In Study I: A total of 902 individuals (aged 18-50; M = 32 years, SD = 8.9 years)
completed the questionnaires; 526 women (M, = 30.9 years, SD = 8.3 years) and 376 men
(Mage = 33.6 years, SD = 9.5 years). In Study II a total of 28 individuals (aged 19-30; Myge =
22.3 years, SD = 2.3 years) took part in the experiment; 13 women (M,ge = 22.7 years, SD = 2.8
years) and 15 men (Mage = 21.9 years, SD = 1.8 years).

Criteria for inclusion were: (a) age of respondents between 18 and 50 years, and (b) at least
a minimal experience with adult media, since the facial expressions used in this study were
extracted from such materials.

The Two Studies

Study I: The data were collected in the Czech Republic in 2021 via the agency Czech National
Panel (narodnipanel.cz) and a science-oriented online portal pokusnikralici.cz using the online
platform for data collection Qualtrics®. Participants submitted responses either via computer
or mobile devices (smartphones or tablets).

Study II: The data were collected in a laboratory in Prague, Czech Republic. 15 participants
were presented with the same stimuli as in Study I; the lower right legs of target group
members (n = 15) were immersed in cold water (2-4 °C) for 1% minutes, which subsequently
increased their stress level (Cold Pressor Task; CPT (Bullinger et al,, 1984; Brown et al,
2017)). The control group’s 13 participants’ lower right legs were immersed in water at room
temperature.

Stimulus Creation
A method for obtaining the stimuli, as well as their use were presented in a previously
published article (Prossinger, 2021b).

From the numerous videos viewed, ten videos (five with female faces and five with male
faces) were chosen. Based on the plot in each video, five frames were selected (one of neutrality,
one of fear, one of pleasure, one of pain, and one with smile). Three of the authors (S.B. ].B. &
T.H.) are researchers in field of human sexuality with more than 10 years of experience,
specifically focusing on extreme sexual behavior and on consumption of erotic materials. All
three authors (one female and two male) provided their opinion on all of the chosen videos
and stimuli choices. All agreed on stimuli choice and what expression is to be expected, based
on the contextual information. The agreement on stimuli choice was debated among all three
researchers in dedicated meetings.

We point out that it is a common misconception that the individuals taking part in such
exchanges derive sexual pleasures from pain and the two happen simultaneously. Although it is
not impossible, we have found no mention of this in the published scientific literature. Rather,
it should be noted that sensitivity is increased by the feeling of pain by various parts of the body
(in our case mainly slapping the buttocks and thighs) and only thereafter is climax achieved.
There is no doubt, due to the camera perspective, about the occurrence of the climax in male
expressers. In the female expressers no such explicit method of judgement can be used, but all
signals of the occurrence of climax were identified by the researchers (involving breathing,
contraction of pelvic and anal sphincter muscles, facial blushing, vocalization etc.; Dubray et
al,, 2017), supported by self-report at the end of the video in some cases.

In each video, male/female faces expressed fear, pain and pleasure during the session, while
smile and neutral facial expressions were filmed during an interview prior to the pain and
pleasure experiences. All stimuli (images) presented to the raters were scaled to 600 x
600 pixels; we used triangulation between tip of the nose and pupils to ensure that the
proportions of the face on the screen were comparable among the frames. No background was
visible within the frames presented.
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Procedures
In Study [, the set of stimuli was presented twice (Task 1 and Task 2), each time with a different
randomization sequence: each stimulus appeared for 1.5 seconds at random intervals ranging
from 1 to 3 seconds (so as to avoid constant/rhythmic preparedness for the stimulus
presentation). Thus, for each rater, a total of 50 ratings were collected for each presentation set,
a total of 100 for both presentations.

In Study II, each rater was presented with the set of stimuli (five male and five female facial
expressions) only once. The reason is that the Cold Pressor Task (CPT) has limited impact on
the cortisol release and this allowed us to finish the procedure within 20 minutes after the CPT

ended.

Ratings

Previous literature (Robertson et al,, 2010) has suggested that it is a rather challenging task to
correctly identify the facial expression (e.g., to categorize the expression of fear as fear). We
therefore asked our participants to rate the observed expression as either positive, neutral, or
negative. We thereby avoid the problem of correct labeling and avoided any intricacies
associated with a verbal categorization system. The rating was provided by using keyboard keys
or a touchpad with dedicated areas with icons.

Statistical Analyses
Due to the inherent advantage of Bayesian statistics when dealing with our research questions,
we implemented this approach. General descriptions follow, while more detailed descriptions,
augmented by a graphical display, are provided in the Appendix.
(a)Confusion matrices: Both female and male ratings are Dirichlet-distributed (in our case: 3-
parametric). The (Bayesian) method of determining whether two groups are significantly
different (or not) is to calculate the confusion matrix; it is the obligatory method to use when
sample sizes are small. One sample (F) has a distribution distr and another sample (G) has a
distribution distg. When there is an overlap of the pdfs (probability density functions) of these
two distributions, a fraction of F is TRUE (and a fraction is FALSE); likewise, for G. The
confusion matrix has four entries:
TRUE, FALSE;

(FA LSE; TRUE, )
If the off-diagonal elements ({FALSEr, FALSEG}) are small, there exists a significant difference
between the distributions of F and of G (the significance level being chosen by the researcher).
Observe that the sum of each row in the confusion matrix is 1 = 100%. The fractions in the
confusion matrix can also be calculated using Monte Carlo methods.

(b) Possibility of effects being due to chance: In Bayesian statistics, the probability s is a

random variable (0 < s < 1). The crucial separator for determining chance is s :% . The
probability is either the integral of the likelihood function £(s) over the interval 0 < s < % or the

integral over the interval % < s < 1, depending on which side of s =% the mode is. In either case,
the integral determines whether an observation is due to chance. (A graphical description is
shown in the Appendix.) Since there are positive, neutral, and negative responses, we generate
a binary case (the correct responses versus the incorrect responses); then the likelihood
function is the probability density function of a Beta distribution (see Appendix). For example,
for smile, the correct response is the positive rating while the neutral rating and the negative
rating together are incorrect responses.
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(c) A further way of testing for consistency is by estimating the likelihoods of randomly
generated realizations of the two distributions and then using Wilks lambda and its ¥2-
distribution in the Laplace limit of large sample sizes.

RESULTS

Correctness Probabilities and Wilks Lambda for Significant Differences

Of the five tested facial expressions, only two were correctly rated with high probability (Table
1) — the stimulus smile as a positive rating and the stimulus neutral as a neutral rating.

(@

Table 1: The three components of the 2 X 5 = 10 modes of the 10 Dirichlet distributions
of the ratings of male and female faces for the five expressions by (a) female raters and (b)
male raters. (Note that each mode is the vector {modes, modes, modec}.) ‘Significance’
refers to the probability that the male and female face distributions are drawn from the
same statistical population. Thus, a significance less than 0.05 means that the two
distributions are different at the 5% significance level. (a) We observe that female raters
rate male faces significantly differently from female faces for smile and for neutral. We also
note that smile and neutral are correctly assessed, because, for smile, the mode is de facto
on the A-axis (positive rating) and very close to 1.00, while for the neutral expression, the
mode is far from both A- and C-axes (therefore mode; is close to 1.00). In all other cases,
the ratings by the females are not consistent with the implied descriptions of the axes.
Further discussions are in the text. (b) We observe that male raters rate male faces
significantly differently from female faces for neutral only. We also note that neutral is
correctly assessed, because, for neutral expression, the mode is far from both A- and C-axes
(therefore modes is close to 1.00). In all other cases, the ratings by the females are not
consistent with the implied descriptions of the axes. Further discussions are in the text.

The probability of a correct rating (a Dirichlet distribution) ranges between 0 and 1 in
all cases. The closer to 1 the result (specifically: the component of the mode) is, the higher
the probability of correct identification. The remaining probabilities are distributed
between the two remaining possibilities.

Female Raters (Study I)

Stimulus Component Female Faces Male Faces Significance
Positive 0.973 0.946

Smile Neutral 0.021 0.035 0.004*
Negative 0.006 0.019
Positive 0.162 0.060

Fear Neutral 0.465 0.416 0.5
Negative 0.373 0.524
Positive 0.683 0.515

Pain Neutral 0.000 0.000 0.3
Negative 0.356 0.525
Positive 0451 0.422
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Pleasure Neutral 0.061 0.148 0.1
Negative 0.488 0.430
Positive 0.095 0.033

Neutral Neutral 0.885 0.707 8 x106*
Negative 0.020 0.286

(b)

Male Raters (Study I)

Stimulus Component Female Faces Male Faces Significance
Positive 0.938 0.930

Smile Neutral 0.041 0.047 0.3
Negative 0.021 0.023
Positive 0.159 0.127

Fear Neutral 0.484 0.483 0.9
Negative 0.357 0.390
Positive 0.612 0.625

Pain Neutral 0.000 0.010 0.4
Negative 0.408 0.365
Positive 0.408 0.481

Pleasure Neutral 0.069 0.134 0.1
Negative 0.523 0.385
Positive 0.094 0.095

Neutral Neutral 0.870 0.765 0.00006*
Negative 0.036 0.140

Smile was rated by both sexes with very high accuracy (Table 1). Male participants rated male
faces correctly with 0.930 probability and female faces with 0.938 probability; female raters
with 0.946 probability for male faces and 0.973 probability for female faces. In the case of
female participants rating the smile stimulus, there was a significant difference in rating
probability between male faces and female faces (Wilks lambda test; P < 0.001) with a higher
probability for the latter. For the neutral stimulus, the probability of correct rating by male
raters for male faces was 0.765 and 0.870 for female faces. For female participants, the
probability of correct rating was 0.707 for male faces and 0.885 for female faces.

The probability of assigning a correct rating for the neutral stimulus was significantly
different for male and female faces (Wilks lambda test; P < 0.001) in both sexes, with better
ratings for female faces.

For the three other expressions (pleasure, pain, and fear), the probability of correct rating
was very low (Table 1) for raters of both sexes. When rating pleasure, female raters had
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correctness modes of 0.422 for male faces and 0.451 for female faces; the probabilities of the
rating for male faces and female faces were not significantly different; they were equally
inaccurate. Male raters (when rating pleasure) had correctness modes of 0.481 for male faces
and 0.408 for female faces; these were not significantly different.

When rating pain, female raters had probabilities of rating correctly of 0.525 for male faces
and 0.356 for female faces; the ratings were not significantly different. For male raters, the
probabilities of rating correctly were 0.365 for male faces and 0.408 for female faces; again not
significantly different.

Male raters rated expressions of fear in male faces with 0.390 and in female faces 0.357
probability of correctness. Female raters’ correct rating probabilities were 0.524 for male faces
and 0.373 for female faces. None of these differences between the ratings of male and female
faces were significantly different.

Overall, these results suggest that there is high accuracy in rating of the low arousal
expressions, namely neutral and smile. There is small accuracy in the other three facial
expressions. The two highly aroused facial expressions (pain and pleasure) have their ratings
distributed between the two extreme ratings, namely positive and negative. This is not the case
of the fear stimulus where the positive rating probability is very low and the incorrect ratings
are towards the neutral rating mode.
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Figure 1: Graphs of three Dirichlet distributions of the ratings by 525 females: (a)
pleasure twice expressed by females; (b) fear twice expressed by males; (c) smile twice
expressed by males; and (d) smile twice expressed by males (detail of (c)). Here, we have
chosen s; to be the A-axis (positive rating) and s to be the C-axis (negative rating). The
support of the pdf of the Dirichlet distribution (shown via likelihood contours) is only
defined on a triangle, because s; + s; +s3 = 1 (therefore, one variable — in our case B —
cannot be rendered on an axis). The closer the mode is to the hypotenuse, the higher the

value of modeg. Contours are in steps of T14 the maximum likelihood, color-coded between

contours (purple lowest and red highest). The white dots with black borders are the (ten)
registration sets (five faces rated twice each) and the large white dot is the mode. (a) We
observe that the mode component for positive rating is 0.451 (very far from
conventionally expected) and the mode component for negative rating is 0.488.
Consequently, the mode component for neutral rating is 0.096 (close to conventionally
expected). Clearly, pleasure has not been successfully rated by the 525 females; they far too
often confused A with C, showing it is the result of guessing. (b) The mode component for
positive rating is 0.0598 (as conventionally expected) and the mode component for
negative rating is 0524 (very far from conventionally expected). Consequently, the mode
component for neutral rating is 0.416 (extremely far from conventionally expected).
Clearly, fear has not been successfully rated by the 525 females. (c) The mode component
for positive rating is 0.973 (as conventionally expected) and the mode component for
negative rating is 0.00560 (extremely low;, as conventionally expected). Consequently, the
mode component for neutral rating is 0.019 (very low, as conventionally expected).
Clearly, smile has been successfully rated by the 525 females. (d) Detail of (c) showing the
numerical values of the smile modes.
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An ongoing discussion is about whether women are better at facial expression recognition. This
is what we then tested by using a Beta distribution (a Dirichlet distribution with 2
concentration parameters). We have found only two facial expressions where the result was
significant. Again, these were the two low arousal expressions (neutral and smile); but only in
the case of smile did female raters show a superior ability to categorize the expression (Table 2
and Fig. 1). We note that this difference is negligible since ratings by both sexes were highly
accurate (0.935 vs 0.965).

Table 2: The modes of the (Beta) distributions of male and female ratings of the stimuli,
separated by sex of the faces. The columns labeled pdtc show the probabilities due to
chance. Low probabilities (in the table: P < 0.001 — a significance level very far below the
conventional P = 0.05) show that only the modes of the ratings of stimuli neutral and
smile are not due to chance, and these are highly significant. All other modes are due to
chance and therefore uninterpretable. The column Sig(mae vs femile) Shows whether the
probability that the two (Beta) distributions of male and female facial expressions are
significantly different.

Stimulus  Raters Modefemate pdtc Mode e pdtc §ig (male vs female)
male 0.924 <0.001 0.930 <0.001 ns
Smile
female 0.935 <0.001 0.965 <0.001 <0.002
male 0.369 >0.999 0.358 >0.999 ns
Fear
female 0458 >0.999 0.756 >0.999 ns
male 0.361 >0.999 0411 >0.999 ns
Pain
female 0395 >0.999 0.383 >0.999 ns
male 0.463 >0.999 0.409 >0.999 ns
Pleasure
female 0412 >0.999 0445 >0.999 ns
male 0.683 <0.001 0.839 <0.001 <0.001
Neutral
female 0.665 <0.001 0.834 <0.001 <0.002
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Heat Maps of individual expresser rating frequencies

Fig. 2 and Table 3 show fractions of participants of both sexes who correctly rated the facial
expressions by the individual expressers. The interesting outcome is that there are expressers
who are overall better (ie. inducing a correct rating with a higher probability) than other
expressers; furthermore, being better (in the above sense) is not uniformly distributed over all
facial expressions.
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Figure 2: Two heat maps showing the correctness probabilities of ratings by males and
females of the male faces and the female faces, face by face. The male faces and female faces
are labeled Findex and Mindex. We observe that female raters correctly rate the expression
smile in all female faces and all male faces with very high probability; males somewhat less
than females. Remarkably, F¢ and Mg were rated by the females with a higher correctness
probability for fear and pain than were all other female faces and male faces. This
phenomenon is comparable, with a lower correctness probability, for the male raters. The
females rated all male faces and all female faces with a high probability (70-95%) of
correctness for the expression neutral.

Consistencies between Task 1 versus Task 2

Since we presented all stimuli as two consecutively presented tasks, each in a different
randomized order, we have the possibility to test the consistency of the ratings. To do so, we
have used a Bayesian probability test; the ratings (correct versus incorrect) are Beta distributed.
We found one significant result (Table 4), namely only when female raters rated male faces.
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Table 3: The modes of the ratings of the Beta Distributions of male and female raters of
the five female faces (prefix ") and the five male faces (prefix ‘m’) expressing the labeled
facial expressions during Task 1 and Task 2. The modes are for the probability s being
correct; if the postulated rating is to be ‘negative) then s is the probability of the raters
rating the facial expression as negative.

Male raters Female raters Male raters Female raters
Task 1 Task 2 Task 1 Task 2 Task 1 Task 2 Task 1 Task 2
Expresser Smile Fear
fA 0912 0.910 0.905 0.939 0.725 0.594 0.754 0.772
B 0.955 0.910 0.945 0.932 0.655 0.511 0.782 0.757
fC 0918 0912 0.933 0.907 0.928 0914 0.973 0.946
fD 0.957 0.939 0.966 0.960 0.291 0.322 0.406 0.440
fE 0.920 0.904 0.924 0.937 0.733 0.734 0.810 0.764
mA 0.930 0931 0.968 0.945 0.670 0.639 0.597 0.610
mB 0.941 0.936 0.971 0.983 0.926 0.898 0.938 0.921
mC 0.944 0.960 0.971 0.977 0.500 0.390 0.456 0.397
mD 0.880 0.904 0.945 0.949 0.788 0.774 0.791 0.786
mE 0915 0.960 0.977 0.968 0.245 0.327 0.269 0.281
Expresser Pain Pleasure
fA 0.069 0.098 0.090 0.109 0.705 0.630 0.659 0.589
fB 0.458 0412 0.459 0.548 0.709 0.758 0.680 0.622
fC 0.924 0917 0.954 0.940 0.522 0427 0.520 0.372
fD 0.238 0.278 0.330 0.340 0.502 0.492 0.395 0.411
fE 0455 0478 0.485 0.527 0.373 0.356 0.355 0.349
mA 0.297 0.187 0.284 0.211 0.166 0.163 0.201 0.172
mB 0.734 0.756 0.739 0.755 0.471 0.728 0.560 0.696
mC 0.087 0.117 0.059 0.079 0.564 0.551 0.601 0.582
mD 0.524 0.583 0.440 0.509 0.526 0.432 0.557 0.457
mE 0.571 0.664 0.543 0.605 0.523 0.432 0.594 0.497
Expresser Neutral
fA 0.524 0.612 0.470 0.534
fB 0.816 0.824 0.787 0.814
fC 0.681 0.758 0.654 0.785
fD 0.752 0.773 0.743 0.764
fE 0.527 0.566 0.570 0.557
mA 0.765 0.777 0.762 0.812
mB 0.901 0.899 0.859 0.922
mC 0.883 0.883 0.886 0.930
mD 0.824 0.840 0.743 0.840
mE 0.769 0.846 0.736 0.848
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Ratings due to chance

One of the benefits of the Bayesian analytical approach is the possibility to test whether the
result obtained is consistent (‘real’ in common parlance) or if it is obtained due to chance. The
probability of the result being due to chance (columns pdtc in Table 2) ranges between 0 and 1;
the closer to 1, the more probable that the result is due to chance. The closer the mode

(columns Mode,., in Table 2) is to %, the higher the probability (not: likelihood) of the result

being due to chance. For all our results, we obtained extreme ends of the possible outcomes
only. Specifically: the two low-arousal expressions (neutral and smile) are not due to chance
with probability pdtc < 0.001 (Table 2). In other words, the results are not due to chance at all.
A completely opposite result was obtained for the case of the high-arousal faces (fear, pain, and
pleasure). The probability is > 0.999, therefore almost certainly due to chance.

Table 4: The consistency of ratings between Task 1 and Task 2. A high significance means
that the ratings in Task 1 and Task 2 are consistent. Only one rating (by female raters of
male facial expressions — highlighted in light gray) was significantly different between
Task 1 and Task 2.

Stimulus Raters Faceremate Facemale
male >99% > 99%
Sile
female 44% >99%
male > 99% > 99%
Fear
female >99% >99%
male > 99% >99%
Pain
female > 99% > 99%
male >99% >99%
Pleasure
female > 99% 17%
male >99% >99%
Neutral
female >99% <1%

Note: The significance of the result is reported in the last two columns.

These results provide further evidence for the above mentioned results, specifically the results
of rating the high-arousal stimuli. Not only are the ratings spread between (typically two)
options (positive and negative in case of pain and pleasure and negative and neutral in case of
fear) but these ratings are also due to chance.

Stress-induced rating differences

In Study II, we analyzed the differences in the distributions of ratings in the two groups of
participants (control versus stressed). The confusion matrices (Table 5) display the
probabilities of differences of the ratings by the two groups of participants (separately for male
faces and female faces). At a 10% significance level (Caelen, 2017), only two off-diagonal
elements are significantly different: male faces expressing smile and expressing pleasure were
more accurately rated by the stressed group. The shifts (not shown) in correct rating are not
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due to chance at 5% significance level. (For the CDF of the Beta Distributions, the
conventional 5% significance level is applicable.)

Table §: The confusion matrices (entries in %) between the distributions of the ratings by
the controlled and the stressed raters, separated by male faces versus female faces. At a
significance level of 10% (Caelen, 2017), only two distributions are significantly different
(male faces expressing smile and male faces expressing pleasure). A confusion matrix
calculation was used instead of the statistical machinery of Wilks lambda, because the
sample sizes (Meontrot and Higgresseq) were far from the Laplace condition.

Stimulus Male Faces Female Faces
Smile 916 84 763 23.7
9.7 903 182 81.8

T 64.3 35.7 75.1 249
30.8 69.2 224 77.6

Bt 572 428 515 485
33.6 66.4 35.1 64.9

Plassie 915 85 848 152
74 926 13.1 86.9

Neutral 712 28.8 73.7 263
27.1 729 239 76.1

DISCUSSION

Stimuli Selection

There are multiple ways to produce stimuli for testing. Most often, trained actors or actresses
are asked to produce facial expressions that are later rated by professionals or naive respondents
in a pre-test. Whenever the within-rater agreement is sufficiently high, the stimulus was used
for testing (an example of this procedure has been published in Kitsyri & Sams, 2008). In our
case, this approach is not possible for two reasons: (a) because our hypothesis postulates that
the two expressions that are of highest interest to us (pain and pleasure) are putatively
indistinguishable, asking pre-test raters to distinguish these would not be sensible, and (b)
using stimuli labeled during pre-test as pleasure or pain would inherently lead to testing
whether participants agree on representations of pain and pleasure (that is to say, whether there
is a common mental representation as discussed by Chen et al., 2018). The ethological validity
of such a result would be extremely limited and has been criticized in a recent publication (Van
Der Zant & Nelson, 2021). Instead, we followed the methodology of one of the pioneering
articles on the topic (Aviezer et al., 2012). The authors searched the internet and chose the
stimuli (facial expressions of tennis players) based on the context of winning or losing. The
context was not known to their raters but the authors were certain about the outcome of the
match and therefore which valence (positive or negative) the stimulus represents.

Following this methodology, we searched for videos online, only including webpages that
allowed a free download option. As an extension to the previously mentioned article (Aviezer
etal,, 2012), we went one step further in our stimuli choice and insisted on finding (and using)
individuals of both biological sexes expressing all the five desired expressions.
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Ethics of using isolated video frames as stimuli

Although the affliction of pain in the context of extreme, yet consensual, sexual activities is
typically due to the actions of some other person, the individual experiencing it knows that he/
she consented beforehand and has the ability to demand termination at any time while the
scenario evolves; he/she thus retains a high degree of control. Typically, a ‘safe-word’ is used to
terminate such physical and/or psychological activities, and, subsequently, after termination,
nurturing behaviors are then provided to such an individual. Pain itself is not an aim of the
behavior but rather the goal of increasing sensitivity and priming for greater pleasure (in a
sexual sense). It is rare that injuries (apart from bruises) are inflicted on the pain-receiving
individual. As stated on the production webpage, all participants in the video clips were
informed (not by us, but by the directors) about the to-be-filmed scene contents; they agreed
to participation and were interviewed by members of the production team after the scene was
completed.

We consider the use of such stimuli as beneficial for science (granted: these stimuli are
perceived as controversial by some). They offer the possibility of novel understandings about
the problems of the perceptions of facial expressions in several of the evolutionarily most
relevant contexts. The acquired knowledge (some of which we have obtained and are
presenting in this paper) can, and will certainly be, used in the fields of education, sexuality-
related prevention, law enforcement, and therapy. We therefore maintain that the benefits by far
outweigh the objections to using such stimuli.

Novelties

Our studies confirmed the results of previous research about the facial expressions of affective
states with high arousal — in the absence of further contextual clues. Specifically, the human
ability to distinguish between positive and negative valence in cases of facial expressions of
extremely high arousal is very weak (Aviezer et al., 2012). Our six design innovations
(novelties) allowed us to provide further insights into this topic.

First, because every rater rated each stimulus twice, we could test for consistency. We
discovered an increase in accuracy with the second presentation of low arousal stimuli; the
increase is ascribable to a recall effect, a learning effect, and a familiarity effect. In the cases of
high arousal stimuli, on the other hand, the two ratings appear to be consistent (no difference
in accuracy); there cannot be any significant differences, however, because these ratings are due
to guessing.

A second novelty is to find the probability of a result being due to chance. To do so, we use
Bayesian statistics, which is particularly useful for this challenge. For low arousal stimuli, we
find that the result is not due to chance; this infers there must be some mechanism and
repeatability is to be expected. In contrast, the three high arousal stimuli (fear, pain and
pleasure) are due to chance with an extremely high probability. We find that this is valid for
both sexes; we must therefore conclude that discussing any sex-differences is meaningless.

The third novelty is avoiding potential (statistical) noise effects. Every expresser displayed
all five facial expressions: fear, smile, pain, pleasure, and neutral.

The fourth novelty is one of design: it deals with every expresser presenting the same five
facial stimuli to all male and female raters. We thereby improved (we claim) the reliability of
statistical interpretability. Of the biases in data collection (confirmation bias and selection
bias), we avoided the latter in this way.

The fifth novelty is the testing of expressions of pain and pleasure not only by women, but
also by men.

The sixth novelty deals with a possibility of comparing the ratings of the facial expression
of pleasure by males with those by females. The relation between the putative inner feelings of
a male when he expresses pleasure facially is much less questionable than for a female. This
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novelty results in an important departure from the methodology adopted in many other studies
of ratings of facial stimuli.

Responses

There have been numerous publications dealing with: (a) differences in facial expression
production and degree of expressiveness in various cultures, as well as (b) comparisons of
expressiveness of neurotypical versus neurodivergent individuals. Recent publications (Barrett
etal, 2019) have concentrated on the individual differences in facial expression production by
neurotypical individuals within one culture. We use heat maps (Fig. 2) to display, for the first
time, the evidence that raters rate the individual expressers with varying probabilities of
success. In other words, we register that some expressers are rated with a higher accuracy for
more than one expression whereas others for only one expression.

This phenomenon of some expresser being more accurately rated than others warrants
future research, as other circumstances may influence the expressivity of an individual. In
naturally occurring (uncontrolled) situations, the strength of the stimulus needed to trigger an
affective response varies among individuals. The subsequent research issue is to what degree
this affective response triggers a corresponding facial expression. Therefore, the use of
naturalistic stimuli results in highly uneven expressions, which necessitate the application of
Bayesian statistics.

We did not expect the ratings of fear to be distributed almost equally between negative and
neutral. Previous publications provide an explanation: of all the so-called basic expressions, the
fearful expression is the least recognizable one, because it is brief and oftentimes admixed with
other ones.

Pain and pleasure ratings are almost equally distributed between the extremes positive and
negative, with very few neutral ratings. Our results for pain and pleasure ratings are different
from those in previous publications.

Human Ratings versus AI Ratings

Our results show that there are no differences between the ratings of pain and pleasure —
when rated by humans. We note, however, that there are objective methods for detecting a
quantifiable difference in muscle configurations associated with different facial expressions.
The recent increase in computation power coupled with the progress in artificial intelligence
(AI) techniques provides appropriate tools to test the pain/pleasure rating differences
objectively. So there is a difference, but it remains undetectable by humans. In contrast to the
publications relying on FACS (Aviezer et al., 2012), we show, in a recently published study
(Prossinger, 2021a), how to use an alternative method, based on AI image analysis, to detect
objective differences. This algorithmic approach was used to distinguish fearful from neutral
faces with a high success rate (Prossinger et al,, 2021a). These findings support the existence of
an actual difference between two facial expressions. The differences in the expressions are
indeed present (and detectable with Al methods) but human raters were unable to detect them
with sufficient accuracy.

An interesting comparison, using the same stimuli as in this paper, is provided in another
study (Prossinger et al. 2021b); it evaluated the precision of distinguishing stimuli categories.
The algorithms found significantly different categories in the case of female expressers. An
extension of this research was recently published (Prossinger et al,, 2022) with a larger number
of female expressers experiencing pain and pleasure. This publication derives important
implications about how clustering relates to human raters’ inabilities to reliably distinguish
between the expressions of pain and pleasure. The study precisely enumerated the far-from-
trivial steps necessary for correct classification, which cannot be expected from human vision
uncalibrated towards a single individual. There are four clusters and two isolates. These clusters

62

147



Boschetti, S. etal. (2022). Facial expressions perception and ratings
Human Ethology, 37, 46-72

were detected after noise removal. The discovery of the necessity of noise removal provides
further support for the two main arguments about the human inability to correctly rate the
differences between pain and pleasure. First, the inter-individual facial expression variations are
considerable. Second, the (intra-individual) noise component in each specific perception is
high. Consequently, it is possible that humans can fine-tune their perception towards certain
individuals, especially socially close ones (partners, other family members, or colleagues, for
example) thus putatively mitigating noise interference. The Al algorithms are, as shown above,
able to overcome this problem.

It is important to point out the inter-individual variability. Even though healthy individuals
are all equipped with facial muscles essential for basic emotion expression and the variability of
the muscles involved is minimal (Waller et al., 2008), there are many influences related to the
uniqueness of each individual s expressions and limitations in their identification for other
individuals in real world scenarios. Some of these limitations are: the fact that people choose or
need to wear spectacles, some have beards, some are adorned with jewelry or expensive
makeup. All may obstruct or alter the assessment of the facial expression.

Further complications may arise in individuals who experienced facial nerves-related
disorders or other central nervous system damage. Furthermore, expressers’ age-related
features, their fat distribution, their skin texture, their general degree of facial expressiveness,
and the morphology of their facial muscles are known to impact the production of their facial
expressions (and consequently the probability of correct identification). Therefore, angles and
distances between the facial features and their changes from neutral to expressive states
constitute the individual expresser’s identity (Kande et al., 2000; Yi et al., 2014). We took
advantage of this identity uniqueness by using Al algorithms, because the facial identity is
rather consistent in adult individuals and it allows for such human-computer interaction (Cohn
et al,, 2007). Possibly, individual expression familiarity potentially increased the accuracy of
correct expression estimation by other humans if they are exposed to an individual for an
adequately long, yet unknown in extent, period of time.

In the two studies involving the human raters that are presented in this paper, familiarity
was expressly excluded. An interesting next step would be to test such a proposed explanation.
Previous studies within this familiarity framework have been conducted on sadness, anger, and
happiness; the results are mixed (Zhang & Parmley, 2015). In children, research on pain
vocalizations has been published (Corvin et al, 2022); it claimed that learning is the
mechanism for obtaining proficiency with respect to specific expressers. It would be
worthwhile to compare how successful individuals are in assessing (rating) their partners and
relatives in extremely (non-sexually) arousing moments (such as in sports encounters) with the
ratings of strangers’ facial expressions.

Influence of Arousal on Ratings

A further factor that influences the ratings is that the perception can be affected by the inner
state of the rater. We rarely stay calm when encountering highly arousing situations such as
winning or losing, reunion with family members, or sexual interaction — in striking contrast to
common rating assessment tasks in a research context. These situations involve emotional
coupling and affect mirroring and cause a dynamic attribution process (Hasson & Frith, 2016).
Indeed, the state of the rater affects the perception of the expresser.

Dutton and Aron (1974) made their participants rate ambiguous pictures with the
Thematic Apperception Test (TAT). Those with induced anxiety rated the situations in the
pictures as having increased sexual connotations. If we assume that pain-pleasure is equally
ambiguous as the stimuli (pictures) used in the TAT, we would predict a shift towards a more
positive rating for both pain and pleasure. Brown et al., (2017) were among the first to design a
comparable test by using the Cold Pressor Task to find a possible shift towards the negative
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rating in the case of a surprised face — which was considered ambiguous by those authors.
Three facial expressions had been presented: happy face, surprise face, and angry face. The
happy face and the angry face were not affected by the induced stress. Those stressed rated the
surprise face as more negative,

Our Study II is a more refined version of Brown et al’s study, because we used five facial
expressions comprising 50 stimuli. Also, our analysis is based on Bayesian statistics, which
avoids sample size issues and allows for further insights, notably due-to-chance probabilities.

The outcomes of our Study II, in which we manipulated the arousal of the raters, document
no shift in rating at 5% significance level. The observed shift towards more positive rating only
happened in the cases smile and pleasure in male expressers at 10% significance. The choice of
significance levels in confusion matrices is dynamic; research indicates that the choice 5% is
rarely warranted; 10% is to be preferred (Caelen, 2017).

Implications
Facial expressions of pain, pleasure and fear are uninformative. Because the display (of pain and
pleasure) is ambiguous, the signal perceived by the rater is uninformative. The misinformation
can be exacerbated by arousal change in the rater.

We therefore consider an implication to be: verbal communication is a practical resolution
of the above ambiguities during many (but perhaps not all) interactions in real life.

LIMITATIONS AND FUTURE DIRECTIONS

One seeming limitation is the prediction of null results. In a statistical sense, it is considered
problematic to test for a null effect (but that is perhaps due to Null Hypotheses Statistical
Testing conventions and the associated fallacies). Bayesian statistics is not susceptible to such a
problem (because the method does not violate Bayes’ Theorem) and specifically includes
testing for a null result. Therefore, this approach is promising for future research.

We tested for two types of null result. One null result (often observed): the outcome of a
statistical test shows that the observed effect is due to chance. The other type we tested for:
that the observed difference of a result that is not due to chance but the detected difference is
valid with a very small probability.

In both studies presented here, the samples of both stimuli and raters consisted of members
of a Caucasian population, since the diversity of population in the Czech Republic is minimal.
The results, although very strong, may not be directly generalizable to other populations.

Female sexual pleasure is difficult to assess; but this difficulty applies to all related research.
There are claims that even self-reports would not be sufficient. Devices used for measuring
female sexual arousal are insufficiently reliable (Meston et al,, 2004; Cooper et al., 2014;
Meston et al., 2019), so we cannot rely on their applicability in this investigation. As in other
studies that attempt to relate arousal with female pleasure expression, we use the pragmatic
approach: for stimulus creation, it is sufficient to adopt the convention of relying on using
already existing, freely downloadable videos. Researchers who question this pragmatic
approach must then reject the validity of a vast number of studies dealing with facial expression
of pleasure, not only those using videos. However, it should be pointed out that applying the AI
methods to facial expressions (Prossinger et al., 2022) have the potential of resolving this
impasse.

By the same token, we feel the need to address the possibility that the expression seen does
not match the inner feeling of the expresser. This is not a design flaw but involves an inherently
biological aspect in the field of research using naturalistic stimuli.

Furthermore, the expression of fear as a reliable stimulus may be considered problematic
since the expressers were aware of the fact that, ultimately, the situation is safe: no permanent
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damage is de facto guaranteed. Fear, of all expressions considered basic, has the lowest
identification reliability rate, and this is especially true in naturalistic expression scenarios. In
other words, the results obtained are less unusual than may appear at first glance.

Lastly, it should be pointed out that the situation of sexual play is not transferable to other
types of interaction where such mismatches can be found, e.g,, sport, fighting, injury infliction.
Therefore, generalization of our findings to such fields should be used with caution.

CONCLUSIONS

Recent studies dealing with facial expressions are shifting from laboratory-produced situations
with pre-tested expressions towards the more real-world relevant way of stimuli creation in
order to obtain context-dependent facial expressions. Due to the change in study design, the
observed outcomes are remarkably different. These different outcomes challenge many of the
cornerstones of this research field. Furthermore, our study is currently unique in repeatedly
using one expresser’s face for all five expressions. In other words, participants were presented
with 50 individual stimuli, one at a time, of five different individuals expressing five different
grimaces (namely smile, fear, pain, pleasure, and neutral). We find that, for human raters,
perception of facial expressions of pain and pleasure are ambiguous. The participants were
specifically requested to supply a categorical rating so as to avoid errors related to descriptive
ratings. All insights were obtained by using a Bayesian statistical approach, which also allows for
testing probabilities due to chance and a reliability measure for a null result.

The results for low-arousal expressions (smile and neutral) confirm that the method and
the analytical approach are appropriate for investigating the observations. The low-arousal
expressions were rated with high accuracy and with high probability, inferring that these are
repeatable results. Our findings regarding high-arousal expressions, on the other hand, confirm
that, even though there are objective differences in the expressions of pain and pleasure (which
were tested using Al methods), they are indistinguishable by humans, especially when trying to
ascertain such differences in strangers.

The rating options for pain and pleasure are actually binary (positive or negative). Even
when offering a neutral distractor, we find that the ratings are always due to chance.
Furthermore, this result is repeatable, which we tested by two presentations of each stimulus. In
other words, guessing is the only reason for a null rating — and we did not find a learning
effect. This disqualifies further analyses regarding statistical variabilities among the raters.
Similar results were obtained for the fear expression. Thus, the ratings were predominantly
distributed between the negative and neutral category; rarely was fear rated as positive.
However, all these ratings were also due to chance.

To our knowledge, this is the first time that the ambiguous facial expressions of one
expresser were presented to participants who were also in a condition of increased arousal. This
procedure shifted ratings to more accurate ones, we found, namely for two positive facial
expressions (smile — a low arousal expression — and pleasure — high arousal expression) of
male expressers. The other expression ratings were unaffected by arousals induced in the raters.
This could suggest that there is, with arousal, a selective shift in the positive expression
perception: it is in concordance with the original work on misattribution of arousal.

ETHICS

Even though the materials presented to the participants were not per se of a sexual nature (as
only facial expressions were presented) we made precautions to limit any negative impact on
our participants.
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Informed consent

In Study I: An online information text and consent form was supplied; after reading it, a box
was to be ticked by each participant (indicating their informed consent) prior to their
participation.

In Study II: Two informed consent forms were to be manually/personally signed. The first
was presented to a potential rater prior to participation; it included all the information about
procedures (including the CPT), safety measures, kinds of data collected, and risks. The
second informed consent form consisted of a full disclosure of the aim(s) of the study, the
expected impact of the procedures, and the possible implications for the rater signing this
second form. It was to be signed after the debriefing procedure (see below). If the second
consent form was not signed, the collected data was discarded (and therefore not used in the
analysis).

Post-study Support and Debriefing
All parts of the design and debriefing were conducted in co-operation with a trained
psychologist who also supervised all data collection.

For Study I we supplied the participants with a list of contacts: (1) to the principal
investigator, (2) to a psychological counseling center, and (3) to an organization that deals with
sexuality-related issues.

During the debriefing phase for Study II, every rater participated in a debriefing discussion
by a trained psychologist directly after the completion of data collection. The rater then
received a written detailed description, with a full explanation of the possible negative aspects
of the experiment, especially those related to the stress-induction procedure, and was also
supplied with a list of contacts: (1) to the principal investigator, (2) to a psychological
counseling center, and (3) to an organization that deals with sexuality-related issues.
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APPENDIX

Dirichlet Distribution

The ratings by female raters are Dirichlet distributions (in our case with three concentration
parameters {a4, ag, ac}), as are those of the males. We predicted the repeats (Trial I versus Trial
II) to be the same, and we tested for that. We therefore have, for female raters rating five female

faces displaying fear, ten registration sets with triples {n4, ng, nc} in each set, with ns + ng + nc

= 10. The pdf (probability density function) of the Dirichlet distribution D1i¥, called the

likelihood function L(sy, s,, s3) = pdf( Dir(ay, ag, ac), s1, 52, s3) with concentration parameters
{aa ap, ac} and probabilities s, sy, s3 of observing the variables var, var,, vars is
Doy +ap + ac) seu-lgap-1 ac—1
D(ay)(ap)(ac) ! 2 }
withs3=1-s1—s;and0<s;<1Vii=1..3;(-) is the Gamma function.
N, ST T SO . i S
(a4 +ag+ac—3) (ay +ag+ ac—3)
If we are interested in axes A and B, rather than A and C, then the formulae are cycled.
Below, we explain why we use which axes and when. Note that the formulae for the modes are
straightforward, suggesting we need not use the (somewhat complicated) formula for the
probability density function pdf. However, there are no closed algebraic formulas for the
uncertainty intervals for the pdf of the Dirichlet, but there are contours of uncertainty (see, for
example, Fig. 1), and these contours are oddly-shaped smooth curves. We need to analyze the
contour geometry in order to interpret possible overlap (which enables us to determine
whether the rating distributions of male and female raters are significantly different).

L(sl, 5, 53) :pdf(fDiT(aA; ag, “C)y S1, 82 53) =

The two modes for A and C are modey =

Bayesian estimation of guessing

Each face is rated as exhibiting one of the five facial expressions. We do not expect, but do
postulate — as a test — that the facial expression smile (for example) will be rated positive,
while the facial expression pain will be rated negative. We use a Bayesian approach to determine
the maximum likelihood of a correct probability(!). For each face of each facial expression
rated by the females (say), let n; be the number of ratings that agree with the postulated rating,
while 1, is the number of ratings that disagree with the postulated rating (thenn; + n, =n; n=
526 for female raters; n = 376 for male raters). In Bayesian statistics, in which the probability s

is a random variable, the likelihood function, for this situation, pdf(s) = L(s) of s is a Beta
Distribution
M‘ga—l(l o S)/f—l — My"l(l —5)m

I'a)'(f) I'(ny + DI'(n, + 1)
The probability (in Bayesian statistics) of observing a result disagreeing with the postulate is
then,

L(Be(a,p).s) =

112
J L(Be(a,f),s)ds

0

a-1
(@a=D+(p-1)
postulate is always s, even if the postulated rating is negative (as in the case of pain).

The most likely probability sy is the mode. sy = mode = . We note that the
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Figure A-1: An example of the relationships between the independence of two samples
and the determination of an outcome due to chance. The likelihood functions of the Beta
distributions of the two samples are shown, along with the areas under the curve (shaded);
these areas show the probability of the observed distribution of the ratings being due to
chance (i.e. guessing by the male raters of the presented stimulus). One is Paye to chance =
1.000 ... (very high probability that the raters are guessing), the other is Pgue to chance =
0.99999 ... (again, very high probability that the raters are guessing; in this latter case, the
small unshaded area clarifies why the probability is close, but not equal to, 1.0000... ). The
modes are significantly different, because the probability that the two observed rating sets
are drawn from the same statistical population is 4.1 x 10-132; in other words, it is
extremely unlikely that the two distributions are samplings from the same statistical
population. This significance has been calculated with Wilks lambda (see below). The
peaks of the likelihood functions are not shown; the details near the scorrec-axis have been
shown.

An example of a result is shown in Fig. A-1. For each rating set (male or female) of all 10

faces, we obtain, for each expression, two modes, one for Task 1 and one for Task 2.

Testing for independence of two distributions: Wilks Lambda

Given: two samples of ratings (of the stimulus pleasure, say), one by females (total counts
nr with ng correct) and one by males (total counts ny with ny correct). The distributions are
Beta distributions. If s = scorrect is the probability of a correct rating, then the likelihood function
is, for the females,

I'np+2
Big)= ik $76(1 — 5)'F "G
C(ny + DIy — ng + 1)
and, for the males,
T +2
Liy(s) = e +2) s"H(1 — s)"™H

T(ny + DD(ny, — nyy + 1)
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We generate random numbers Nj using the female likelihood function and random numbers
N using the male likelihood function. We then estimate the ML Beta distribution dista using
the Na random numbers and the ML Beta distribution dists using the Ny random numbers. We
also estimate the ML distribution distap of the combined random numbers Nyg = N U N5. We
calculate the three log-likelihoods

logLikea = lnE(distA|N A)

logLikeg = InL(dists|Ns)

logLikeas = InL(distas|Nas)
and Wilks Lambda
Awins = —2(logLikeap — (logLike, + logLikes)),

which is, in the Laplace/frequentist paradigm (i.e. sample size > o0), ¥2-distributed with df =
dfsp — (dfs + dfs) degrees of freedom (df = 2 in our analysis). Thus, if significance =
CDF(x2(2), Ayyis) is very small, we conclude that the probability that the two samples with
their respective Beta Distributions are improbably drawn from the same statistical sample.

Fig. A-1 shows an example. The significance is very small, so we conclude that the
probability that the two samples (male and female faces rated by male raters) are drawn from
the same statistical population is significantly small; therefore, the modes are significantly
different. However, both the distributions of rating samples cannot be excluded from being due
to chance.
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Abstract. Traditionally, a strict dichotomy between belief and science is commonplace; recently, scientists
investigating this complex phenomenon have designed studies to more thoroughly approach this dichotomy.
Cognitive and perceptual processes developed under evolutionary pressures, especially stressful and harsh
conditions ones, result in an enhanced perception of patterns. This has led to the emergence of a bias to perceive
visual patterns that are manifestly random, a phenomenon called pareidolia (‘overperception’), whereas the bias
of assigning meaningfulness to general random patterns is apophenia. Methodological constraints in visual
perception studies have led researchers to focus only on false perception — pareidolia. We extended the
methodology by using image processing software to generate random maps and random maps of varying
transparency overlying nonrandom patterns to identify not only false perception but also lack of perception.
We used several questionnaires. For every query in every questionnaire, we classified two groups: those
participants who never made a mistake versus those who made a mistake (which would be either perceiving a
pattern where there is none or not perceiving an existing pattern) at least once. We then estimated the two
groups’ Dirichlet distributions of the responses, and calculated the confusion matrix to find significant
differences. The Rational Experiential Inventory yielded a significant differentiation between the two groups.
In addition to perceivers with pareidolia, we found that some perceivers failed to identify an existing pattern.
We call this psychological phenomenon apoidolia (‘underperception’) — seeing no pattern when there is one.
To our knowledge this is the first time this psychological phenomenon has been empirically detected.

Keywords: Apoidolia, Apophenia, Pareidolia, Dirichlet Distribution, Confusion Matrix.

15 Introduction

In recent years, the number of scientific studies of religion and supernatural beliefs has increased considerably,
primarily due to novel approaches, novel methodologies and novel experimental procedures. One approach to
study such phenomena is the cognitive study of religion, which focuses on those cognitive functions and
mechanisms that support religious thinking and beliefs [1]. These mechanisms may have an evolutionary adaptive
function in specific contexts and may therefore shape perception and interpretation of the perceived world [2]. In
order to ensure survival, humans must rely on the ability to detect patterns and correctly identify their meaning;
only then are they able to correctly/optimally respond [3]. This process of pattern identification is, however, subject
to errors and mistakes. The error management theory (EMT) postulated that a false positive error (detecting a
pattern where there is none) has an evolutionary advantage over a false negative error (not detecting a pattern
where there is one), especially during stressful conditions. Indeed, the risk of not perceiving a dangerous animal
(typically an almost camouflaged snake) is much higher than the cost of perceiving such an animal when it is
actually not there [4]. The perception of patterns and ‘meaningful’ interconnections among elements of these —
even when they are actually not present (i.e., illusory pattern perception) is called apophenia [5], and is named
pareidolia when such phenomena arise in the context of visual stimuli [6]. In studies conducted on a non-clinical
population, pareidolia was associated with different types of supernatural beliefs (including religious beliefs,
beliefs in coincidence, as well as beliefs in conspiracy, and also magical beliefs) [7, 8]. Indeed, individual
differences in perceptual processes during the elaboration and interpretation of external stimuli could work as
substrate for religious and supernatural beliefs [9].

Previous studies mainly focused on false recognition of faces [7, 10] — face pareidolia —, which is
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seeing the presence of structure in objects with a collection of patterns that resemble the elements of
(for example) a face; consequently, participants would therefore identify such patterns as images of
faces. Since a face constitutes a very specific type of stimulus, with high evolutionary relevance for
humans, a specific brain area is dedicated to processing these stimuli [6, 11]. The results obtained
using such stimuli may not be repeatable when studying general illusory pattern perceptions
(apophenia), however.

Our study aims to investigate the errors in pattern perception and identification without restricting the
results to specific adapted stimuli (i.e. faces) and to clarify the relationship of such perceptual errors
with beliefs and thinking styles.

We constructed our own stimuli by repeatedly using a multidimensional random number generator
available in MATHEMATICA (from Wolfram Technologies®), to produce random maps (in which,
therefore, no discernible patterns were present and the entropy was maximized) and then underlying
them with identifiable patterns — concretely with geometric shapes such as octagons and triangles.
Such shapes are common in nature [12]. We used these geometric figures as patterns in order to avoid
biases involved in the perception of biological objects (such as leaves). We controlled the transparency
of the random maps to manipulate the difficulty of perception and thereby the ambiguity of the
stimulus.

Using these types of stimuli, we could investigate not only the presence of false positive errors in
perception (pareidolic perception) but also for the presence of false negative errors (which we call
apoidolic perception). To our knowledge, we are the first to identify and statistically evaluate both,
pareidolic and apoidolic perception in a non-clinical population.

16 Materials and Methods

16.1 Participants

Our sample consisted of 105 participants from the Czech Republic, aged between 18 and 50 years (mean + SD =
33.7 £ 7.7 years); 67 were women (mean + SD = 33.6 + 7.5 years) and 38 men (mean + SD = 33.8 £ 8.1
years). The participants were recruited from a science-oriented web community and the data were collected online.

16.2 Stimuli

We used a multidimensional random number generator to produce random maps of colored squares (henceforth
called random patterns) and underlying them with several geometrical objects (Fig. 1). This method ensures a
decrease in entropy as transparency is increased. We present three types of stimuli for each series: one in which
the geometrical figures were fully covered with the random pattern (No Pattern condition), one

Panel O Panel R Panel U

Fig. 1. Three of the patterns displayed to the participants. Panel O: the random pattern (No Pattern condition); Panel R:
sample of the random pattern with underlying figures partially revealed (Partial condition), and Panel U: sample of the
random pattern with underlying figures almost completely revealed (Reveal condition). The x- and y-coordinates of the colors
(from a sample of a color triple) were randomly generated; the colors of the squares were also randomly chosen. The
transparency of the random pattern was increased in seven steps from opacity (Panel O) to almost complete transparency
(Panel U). The colors of the geometric objects were not drawn from the color triples, nor were they changed when increasing
the transparency of the random overlay pattern.

in which the transparency of the random map was increased, allowing for the geometrical figures to be
partially visible (Partial condition) and a third image in which the transparency had been further
decreased and the geometrical figures were well identifiable (Reveal condition) while the (almost
transparent) random map remained partially visible. We constructed three series of stimuli; each series
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contained one stimulus with three conditions (No Pattern, Partial and Reveal) for a total of nine
experimental stimuli presented to every participant. To avoid learning bias during the data collection,
we mixed the experimental stimuli with filler stimuli.

16.3 Questionnaires

We used a suite of questionnaires (listed below) to determine different types of supernatural and religious beliefs
and thinking styles. The questionnaires were translated into Czech by translators with psychological training; their
reliability was confirmed by back-translation.

The Questionnaire on Coincidence [13] measures perceived coincidence experiences. This
questionnaire has two parts; Part A measures the occurrence of episodes classified as different types of
coincidence, while Part B investigates possible explanations for the occurrence of coincidences. Due
to the type of study we were conducting and the analysis we chose in this paper, we currently used
only Part A.

The Religion Commitment Inventory (RCI-10) [14] tests religious beliefs — especially the
commitment to a religious group or community.

The Illusory Beliefs Inventory (IBI) [15] measures magical thinking and has three subscales to identify
separate components: (a) magical beliefs (general beliefs in magic), (b) spirituality (beliefs in a higher
power) and (c) thought-action-fusion (beliefs that thoughts can shape reality).

The Rational/Experiential Multimodal Inventory (REIm) [16] measures the rational and experiential
thinking style as two separate ways to process information. The questionnaire consists of four
subscales, one scale for rationality and three separate scales for different aspects of the experiential
thinking style: intuition, emotionality and imagination.

16.4 Analytical Approach

We inventoried pattern recognition responses as either correct or erroneous. Depending on the stimulus presented,
the error could be a false positive error (a pattern was identified when no pattern was present, as when the No
Pattern condition had been presented) or a false negative error (no pattern was identified when a pattern was
present, as when the Partial condition and the Reveal condition had been presented). In order to avoid the ‘Lady
Tasting Tea’ fallacy/error [17], several random patterns and several degrees of transparency were used.

For numerous reasons, we decided not to compute a questionnaire index but to use a query-by-query
approach to explore the relevance of the actual items (query scores) of the questionnaires.

A Bayesian approach was used. For each query in each questionnaire, two heat maps were
constructed: the one with no errors and one with at least one error (Fig. A-1). For each query, the
response frequencies are Dirichlet-distributed with five concentration parameters (the questionnaires
used 5-option Likert scales). As described in the Appendix: for each query, overlap of the pdfs
(probability density functions) of the two Dirichlet distributions, one for correct pattern detection
versus one for incorrect pattern detection (either pareidolia or apoidolia) occurs. The overlap can be
used to construct the confusion matrix; the significance level we adopt is 10% (the level for confusion
matrices equivalent to 5% in conventional significance tests [18]).

17 Results

It should be highlighted that — as opposed to traditional classical test theory — we used the query-by-query
approach, because all the steps are based on an underlying mathematical theory. We describe the difference (at
10% significance level [18]) between subjects that correctly identified the stimuli and subjects that committed an
error separately for each condition: No Pattern condition (no pattern was present) versus Partial condition (the
geometrical figures were partially visible) versus Reveal condition (the geometrical figures were well identifiable).

Table 7. Summary of significant queries for each questionnaire. The table lists the number of significant queries per
questionnaire and their fraction of the entire questionnaire (in %). * indicates 80% significant queries (or higher).

False positive False negative False negative

uestionnaires
Q (No Pattern) (Partial) (Reveal)
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Coincidence

(7 queries) 5(71%) 6 (86%)* 4 (57%)
RCI

(10 queries) 2 (20%) 2 (20%) 5 (50%)
IBI-Magical Beliefs 3 (30%) 2 (20%) 10 (100%)*
(10 queries)

IBI-Spirituality 4 (50%) 8 (100%)* 8 (100%)*
(8 queries)

IBI- TAF 3 (60%) 2 (40%) 3 (60%)

(5 queries)
REIm-Rationality
(12 queries) 12 (100%)* 11 (92%)* 12 (100%)*

REIm-Emotion
(10 queries) 8 (80%)* 9 (90%)* 10 (100%)*

REIm-Imagination
(10 queries) 8 (80%)* 9 (90%)* 9 (90%)*

REIm-Intuition

(10 queries) 9 (90%)* 9 (90%)* 10 (100%)*

For the Coincidence questionnaire (Part A): in the No Pattern condition, five of the seven queries were
significant (queries number 1, 2, 3, 6, and 7); in the Partial condition, six queries were significant
(queries number 1, 2, 4, 5, 6, and 7), while for the Reveal condition four queries were significant
(queries number 1, 2, 4, and 6).

For RCI-10 (10 queries): in the No Pattern condition, two queries were significant (queries number 1
and 6); in the Partial condition, only two queries were significant (queries number 5 and 10), while for
the Reveal condition five queries were significant (queries number 2, 4, 5, 6, and 9).

For the subscale Thought-Action-Fusion (5 queries): in the No Pattern condition three queries were
significant (queries number 1, 3 and 4); in the Partial condition two queries were significant (queries
number 1 and 5), and three in the Reveal condition (queries number 2, 3 and 4).

For the subscale Magical beliefs (10 queries) of the IBI: in the No Pattern condition three queries were
significant (queries number 1, 6 and 8); for the Partial condition two queries were significant (queries
number 5 and 6), while for the Reveal condition all 10 queries were significant. For the subscale
Spirituality (8 queries): in the No Pattern condition four queries were significant (queries number 2, 3,
4, and 8); in both the Partial and Reveal condition all eight queries were significant.

For the subscale Rationality of the REIm: in the condition No Pattern all 12 queries were significant;
the same results were obtained for the Reveal condition; for the Partial condition 11 queries were
significant (the only exception was query number 12).

For the subscale Emotion (12 queries): in the No Pattern condition eight queries were significant
(exceptions were queries number 7 and 10); in the Partial condition nine queries were significant (all
except query number 10), and in the Reveal condition all queries were significant.

For the subscale Imagination (10 queries): in the No Pattern condition eight queries were significant
(all except queries number 5 and 10); in the Partial condition nine queries were significant (all except
query number 9); for the Reveal condition nine queries were significant (all except query number 3).
For the subscale Intuition (10 queries): in both the No Pattern and in the Partial condition nine queries
were significant (except for query number 9 and number 1, respectively); for the Reveal condition all
queries were significant.

In Table 1 we listed the significances at 10% significance level [18]. For a cut-off, we introduce an
80% threshold for the whole scale or subscale to be considered of impact in pattern perception.
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18 Discussion

In this present study we investigated pattern recognition by humans with a focus on the type of error in connection
with religious and supernatural beliefs and thinking styles [7, §].

The stimuli provided the possibility of studying not only false positive errors (pareidolia) but also false
negative errors. To our knowledge, this is the first time that the false negative errors have been taken
into consideration, together with false positive errors, when studying a non-clinical population in the
context of apophenia in visual perception. We referred to this false negative category of errors as
apoidolia (as opposed to pareidolia).

We emphasize that the study presented here is an example of a multidisciplinary approach: where
psychological investigation techniques were combined with approaches based on technology and on
Bayesian statistics in order to provide novel insights. The stimuli used in previous investigations were
often limited to face pareidolia, while we studied general pattern perception that is unrelated to faces.
In one study [19], in which the authors used the Rorschach’s ink blots as stimuli, complexity was
analyzed based on fractals. That approach focusses on describing complexity of non-objects (unclear
shapes) triggering the cognitive response.

Our approach focusses on providing the raters with stimuli that are specifically geometrically defined
shapes (such as triangles, squares, and other regular polygons) that can be observed in nature.

The main problem was to provide randomness in some rigorous way. We used a random number
generator that is state-of-the-art (MATHEMATICA v12.2 from WOLFRAM Technologies®), thereby
ensuring a high level of control over the stimulus formation. The use of geometric shapes covered with
differing levels of transparency of a random pattern provides absolute control over the pattern
presence. Geometric shapes are present in nature in crystals, leaves, nests, blooms, bones, ornaments
(butterfly wings, zebra or leopard skin, peacock tail, to name a few), shells, etc. Therefore, the choice
of the shapes is relevant for perception processes.

In addition, we present, for the first time, a rigorous Bayesian analysis of differences between Likert-
type response sequences (vectors); to our knowledge, this approach of calculation of confusion
matrices based on Dirichlet distributions has never been done before.

Among the questionnaires used in the study, the RCI-10 was least able to detect differences between
the participants that correctly identified the stimuli in contrast to those who made at least one error.
This finding could be due to the generally low religiosity in the specific study cohort, since the
respondents were recruited from a scientifically oriented community in a country with a very low
religiosity (Czech Republic). In contrast, the best results discriminating between the two groups,
independent of the conditions, were obtained using the REIm with each of the subscales having a very
high fraction of queries (80% or higher) being significant at 10% level for all the conditions. The
Coincidence questionnaire was notably good at distinguishing participants with pareidolia; it
performed even better for apoidolia — but only in the Partial condition. We found that, for the IBI, the
two subscales Magical beliefs and Spirituality were extremely good at distinguishing subjects with
apoidolic perception, specifically in the Reveal condition, but not with pareidolic perception.
Interestingly, none of the questionnaires used were better at discriminating between pareidolia and
apoidolia. This finding suggests that the presence of an error in the pattern recognition is more
important than the specific type of error.

In summary, the results of the current study indicate that, in the context of pattern recognition, the
thinking style is more important than the specific belief spectrum of the participants. If the study of
visual apophenia involved biological stimuli, such as faces or animal appearances, further cognitive
processes may become involved and the role of specific beliefs may become more influential. By
using geometrical figures, we avoided such situations and consequently the role of thinking styles
emerged in a more identifiable, significant manner.

One limitation of the current study is that our results do not allow us to understand how the overall
distribution of responses of the two groups of participants differentiate, even if the results are very
reliable in terms of what characteristic is different. To further elucidate this issue, future work is
necessary: it will then be necessary to recruit a larger, multicultural sample and incorporate the use of
artificial neural networks.
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Appendix

Consider Fig. A-1. We observe two heat maps of a questionnaire and a stimulus (Coincidence questionnaire for
the stimulus in Reveal condition): one heat map for the numbers of entries for ‘Correctly identified’ and one for
‘At least once wrong’. Visually, the heat maps appear different. We ask whether the distribution of entries for each
query are significantly different. The significance can be determined by calculating the confusion matrix — one
for each query. In Fig. A-1, the confusion matrices for each query are displayed in the graph.

Correctly identified At least once wrong
29. 1.
14 | 5 | 6 17 983
5 8 10 5 130 130) ~ 100%
o o il (S 5) L
13 12 4 :;:; 35;3) :;:j
o & 1 (prip fias:
6 ‘ 9 13 n ) B
N s K

Fig.A-9. The heat map of one questionnaire with the entries and the confusion matrices displayed. Observe that the sum of
the number of entries for each query for ‘correctly identified’ is not the same as for ‘at least once wrong’. Black squares
occur when there are no entries. The shade of yellow, on the other hand, identifies the fraction of occurrences. Thus, for
example, the 3 entry for Query 5 for ‘Correctly identified’ is darker than the same entry for ‘At least once wrong’, although
numerically the entries are comparably close.

We simplify the notation: one heat map we label A and the other B; the query we label g. To calculate

Parrye  PApaise
PBease  PBrrue

respective entries. We cannot calculate these entries using the Frequentist (Laplace) approach for two
reasons: (1) the entries are too small to be considered a satisfactory limit of large sample size, and (2)
we do not know the (analytic) boundary between TRUE and FALSE. We therefore use Bayesian
statistics. We first describe the method for a one-dimensional problem (Fig. A-2), in which we can
define a boundary. Consider a query with only two entries for ‘Correctly identified’ (A)

({sAl, 1- 5A1} = {37 12}) and only two entries for ‘At least once wrong’ (B) ({531, 1- 531} =

{6 91}). For each query, the entries are Beta-distributed (Fig. A-2), with likelihood functions £ ,(s)
and Lz (s).

In the one-dimensional problem (Fig. A-2), calculating the confusion matrix is straightforward,
because the probabilities of the likelihoods are integrals. Beyond the one-dimensional distributions of
entries for a query, however, the problem is very much more difficult, because there is no boundary
that can be analytically specified for integration: the likelihood functions are Dirichlet distributions. In
these cases, we use Monte Carlo methods to find the probabilities.

We note that for a randomly chosen value for s, in Fig. A-2, the condition TRUE is when £,(s4) >
L5 (s4); likewise for a randomly chosen value for sp in Fig. A-2, the condition TRUE is when
Lg(sg) > L,(sp). This determination of TRUE and FALSE can be used in higher dimensions as
well, because 54 = {SA RS sAk} (for k entries for a query) and the (pseudo) random number generator
is defined for the Dirichlet distribution Z)z’r(sA L s 1), irrespective of the number k of
different entries for a given query. If n,.4,, random numbers are generated (in the paper presented here,

MATRUE  TAFALSE

Nyqn = 175000), then the confusion matrix is | " "ran | These ratios in the confusion matrix

MBraLSE  'BTRUE

the confusion matrix with entries ( ), where py..» €tc., are the probabilities of the

Nran Nran

are not the probabilities defined by the Frequentist (Laplace) limit, but rather the Monte Carlo method
of approximating an integral — equivalent to the Bayesian probability as graphed in Fig. A-2 in the
one-dimensional case.
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Fig. A-2. The likelihood functions for two samples (A4, magenta) ({SA v1=54 1} ={37 12})and (B, green)

({SB 1 —sp 1} ={6 91}). The likelihood functions are Beta distributions. In the top graph, the probability of £, (s) for
TRUE is shaded light magenta, while the probability for FALSE is shaded gray. In the bottom graph, the probability of
L5 (s) for TRUE is shaded light green, while the probability for FALSE is shaded gray. The vertical black line shows the

boundary between TRUE and FALSE. In this (numerical) example, the gray area in the top graph is 0.0235, and in the
0.976 0.0235

bottom graph the gray area is 0.0437; the confusion matrix is therefore ( 00437 0.956

). The distributions are therefore
significantly different at 10% significance level [12].
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Abstract. Background: In real-world scenarios humans perceive the world con-
textually, relying on previous information to modify their responses. During inter-
actions with a machine, missing contexts may decrease the accuracy of judge-
ments. In the realm of human-computer interactions (HCI), relatively easy tasks
as controls may not be relevant.

To evaluate the impact of stress we increased the cortisol level by the safe but
reliable procedure Cold Pressor Task. We used five stimuli represented by facial
expressions: ‘neutral’, ‘laughter’, ‘fear’, ‘pain’, and ‘pleasure’.

Aim: We intend to find out how the responses to stimuli are altered by stress
and statistically quantify the BVP (Blood Volume Pulse) signals.

Materials: 27 raters rated these five stimuli presented by 5 actors and 5
actresses, while BVP was being registered.

Methods: Each physiological response was a six-second time series after the
rater rated the stimulus. A nontrivial model includes lag dependencies on either
previous states or previous noise. The simplest models would be ARMA(p, ¢)
models with to-be-determined parameters ¢j, ... @p and 61, ... 0.

Inferences: In this study, we find that the wearables’ sampling for six seconds
cannot separate signal from noise significantly. Only one response was found to
be significantly affected by the condition of stress: the perception of fear.

Keywords: ARMA time series - “Wearables’ - BVP - Maximum likelihood

distributions - Bayesian likelihood - Emotion perception - Fear - Pain - Pleasure -
Stress

1 Introduction

In real-world scenarios, humans estimate a large proportion of their perceived world
contextually and use previous information to adjust or modify their expectations and

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
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responses. During interactions with a machine, contexts may be missing and, therefore,
it is claimed, the accuracy of judgements decreases [6].

Furthermore, many applications using human-machine-interfaces rely on the premise
that ratings and responses are in concordance and, consequently, requesting a response
for a rating would not be necessary, since the signal can be directly obtained from the
sensors (installed, for example, in wearables) [2, 7].

However, in the realm of human-computer interactions (HCI), using relatively simple
tasks as controls may not be relevant; in the real world, ambiguous situations and stress
presumably negatively impact the measurable response.

To evaluate the impact of stress we have employed a procedure commonly used in
psychological experiments called Cold Pressor Task (see below). It reliably, but safely,
increases the cortisol level. The participants were not informed that stress will be induced
(so as to eliminate any possible bias) [4].

To evaluate the impact of possible ambiguity we used five stimuli present in human
faces: two of which are easily identified by the raters (‘neutral” and the basic emotion
‘laughter”), one basic emotion that is often misinterpreted (‘fear’), as well two affective
states (‘pain’ and ‘pleasure’).

One of the main reasons for using the sensors for the communication between human
and machine is to create a short-cut and allow for multiple channels to detect the state
of the human responder or, alternatively, to categorize the response directly without
explicitly asking the human via interviews or questionnaires [9].

There are certain tasks that are automatic for humans, many of which are visual-based
e.g., the gaze oriented towards moving target. [5] As stimuli, the use of facial expressions
is an ideal task since this is a process that is automatic and triggers a response. Indeed,
allocation of attention towards face or face-like stimuli is one of the automatic, fast
processes that develops from early childhood onwards [9].

In this study we aimed to test whether the condition of increased arousal affects
physiological responses, namely Blood Volume Pulse (BVP), to the displayed stimuli.

Previous articles have shown that for similar tasks the stationary measuring devices
(sampling rate of 256 Hz) are necessary for at least 5 s of exposition to the stimulus. [5]
Usually multiple sensor data are required (BVP, EDA, temperature) but the wearables
we used had a presumably insufficient sampling rate other than for BVP.

2 Materials and Methods

2.1 Data Collection

This sample consists of 27 students (N; = 14 and N, = 13) aged 19-30 years. Some
of them (Ngiress = 15) underwent a procedure called Cold Pressor Task which consists
of immersing a subject’s limb in ice water (2—4 °C) for 90 s. This procedure causes
an elevation of the stress hormone cortisol causing an increase of the sympathetic ner-
vous system activation. The sympathetic nervous system is functionally related with the
psychological concept of arousal. [4] Consequently, the participant responded under a
physiological state of high arousal (stress). The control group underwent the same pro-
cedure but the water was of room temperature so there was no effect on physiological
arousal.
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The participants were wearing E4 Empatica® (MIT) bracelets to collect data about
their physiological reaction during the procedure. In this study, we focus on the output
from the photoplethysmography (PPG) sensor with a sampling frequency of 64 Hz,
namely the Blood Volume Pulse (BVP). BVP is derived from a PPG process, which
uses the infrared light reflected by the skin to estimate blood vessel diameter. Diameter
changes of the peripheral blood vessels, which are regulated by the sympathetic neural
system, affect the amount of light reflected back to the photo-sensor; this changes the
amplitude of the signal, corresponding to sympathetic activation. Figure 1 shows ten
signals for one stimulus for one individual.

Individual 26 (stressed) PAIN
EMPATICA_241103

time

Fig. 1. Ten time-series of a stressed rater while assessing the stimulus ‘pain’ exhibited by five
actors and five actresses. Different time series are rendered with a different color. Unit of time
is 611 s. The first measurement is ‘immediately’ (i.e. within 1 ms) after the rater has pressed the
enter button that registers his/her rating of the stimulus; the last measurement is 384 pulses later.
(Color figure online)

The procedure consisted of presentation of visual stimuli. In total 50 stimuli were
displayed: five types of facial expressions representing emotions and affective states
(laugh, pain, pleasure, and pain), along with neutral. Each facial expression was displayed
by five actors and five actresses and each participant rated them on a scale A—C. For this
study, we only analysed the BPV signal, not the ratings.

2.2 Statistical Analyses

Some of the time series had extraordinary positive and negative values. These, further-
more, did not meet the criterion of weak stationarity. They were discarded. We also tested
whether the (rare) discarded time series were uniformly distributed across all stimuli and
whether the raters were control or stressed. We used the Bayesian approach to test for
significant differences. If n; is the number of discarded time series for control raters (for
a given stimulus) and n, the number of discarded time series for the stressed raters, then
the Bayesian likelihood of the probability s that the number of discards is greater for
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Cni+n2+2) g1 _ o2 1 i
T e e (1 — 5)"* where I'(-) is the Gamma function.

[1] If the mode is close to s = % and the HDIgs¢, uncertainty interval [3] overlaps the
probability s = %, then there is no significant difference between the discarded time
series for control versus stressed.

We use this Bayesian method of computing the likelihood function A(s) [1] and
determining the uncertainty interval HDIgs¢, [3] for numerous other comparisons below.

Distribution of peaks: we subtracted a Laplacian filter of each time series from the
time series to identify the peaks. First, we simply inventoried the number of peaks in
each signal for each stress. We estimated the ML distribution for each signal from a suite
of three distributions: lognormal, Weibull and Gamma. We then used the log-likelihood
of the ML distribution of peaks for control and stressed and Wilks lambda to find the
probability that the control and stressed peaks were derived from the same statistical
population. Formally: if InAc is the log-likelihood for the control, and InAg is the log-
likelihood of the stressed, then Wilks lambda Awiks = —2(InAcs — (InAs + InAc)).
is y 2-distributed with df = dfgs + dfc — dfcs degrees of freedom. (The index CS refers
to the data set formed by combining the data set for C with that for S.)

We constructed a matrix: the (ten) rows were the ratings by a participant of a specific
stimulus and in each row were the 384 sequential registrations by the wearable. We first
tested whether smoothing via Singular Value Decomposition (SVD) could be used to
eliminate noise. None of the scree plots of the squares of the singular values showed a
knee. In fact, the square of the first singular value never explained more than 20% of the
square of the Frobenius norm of the matrix.

We therefore used time series analysis to investigate the signal for each rating by
each individual for each stimulus—a total 0f 27,401 X (Sgpimuu X (5¢ + 55)) =1350
time series, minus the 32 discarded ones. We used an ARMA (p,q) time series model for
each time series. In an ARMA(p,q) model, the signal is modeled as y; = ¢ + @1yi—1 +
@yi—2 + -+ epyi—p + w1 + w2 + - - - + 85w with both p > 0 and g > 0.
The functions w;_; are Gaussian white noise contributions with finite variance 03, > 0.
[8] The p coefficients (amplitudes) ¢ - - - ¢ describe the contributions of the p past
values of the underlying signal and the ¢ coefficients (amplitudes) ¢, - - - 6, describe the
previous/lagged white noise contributions to the observed signal; ¢ is a constant. We use
a software package (MATHEMATICA v12.4 from WOLFRAM Technology) to find a
fit for the maximum p and ¢ (and their numerical estimators) using AICc (Akaike’s
Information Criterion, corrected for finite sample size) as the optimality criterion. We
also tested for weak stationarity.

Since we are interested in whether the time series of the raters depended on whether
they were controls or were stressed, we tallied all numbers of amplitudes p for each
stimulus, both for the stressed and for control. Because the largest number (by far) was
for p = 3 (see below), using a ¥ >-test for homogeneity is not meaningful, because we
will find the probability of homogeneity to be very low. Instead, we use a Bayesian
approach by comparing, for each p = 0...p = 6 for each stimulus, the frequencies of
the stressed and the controls. We then use the machinery of computing the likelihood
function A(s) [1] and determining the uncertainty interval HDIgsq, [3].

the controls is A(s) =
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Fraction

Discarded (%)

[:l Control
[:l Stressed

9.0
8.0F
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1.0
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Fig. 2. A bar chart of fractions of time series that had to be discarded, prior to statistical analyses.
because of extremely large departures from the predominantly occurring amplitudes. We note that
these departures occurred more often when the raters were stressed, but the fractions were still
small. No time series needed to be discarded for the stimulus “Pain’. A Bayesian analysis of the
fractions ‘control’ versus those ‘stressed’ showed a significant difference only for ‘Laugh’ and
‘Fear’ (at 5% significance level).

Laugh
Pain
Fear

Neutral

Pleasure

Table 1. The results of the Wilks lambda test of whether the peaks for one stimulus versus that
of another stimulus is significantly (at 5% significance) different: control (light blue background)
versus stressed (light orange background) raters. The percentages are the fractions of the compared
stresses that were significantly different.

Laugh Pain Pleasure Fear Neutral
Laugh 16.7% 33.3% 33.3% 41.7%
Pain 33.3% 33.3% 16.7% 25.0%
Pleasure 33.3% 26.7% 41.7% 8.3%
Fear 46.7% 40.0% 40.0% 33.3%
Neutral 33.3% 40.0% 40.0% 40.0%

3 Results

Abar chart of the 32 discarded time series is shown in Fig. 2. Table 1 shows the fractions of
pairwise significant differences in peak distributions of stimuli. A tests for significance
(using Wilks lambda) of numbers of peaks control versus stress show that only one
pair (‘Fear’ control versus ‘Fear’ stress) is significantly different (results not shown).
Likewise, a test for a significant difference for intervals/gaps between peaks showed
no significant difference (results not shown). Per individual, the ML distributions of
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numbers of peaks as well as the modes of their distributions are most often Weibull

J. Binter et al.

distributed, a few Gamma distributed and only one log-normally distributed (Fig. 3).
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Very rarely was the observed signal dependent on more than three previous signals (as
opposed to the noise component of the signal; Fig. 4). For all stimuli, the amplitudes ¢,
(p < 3)are collinear and do not significantly differ between controls and stressed (Fig. 5).
For every p (the number of nonzero contributions ¢, to the AR part of the ARMA(p,q)
time series), there was no significant difference between control and stressed individuals

(Fig. 6).

Frequencies of Peaks

Weibull

|r‘, amma

i
Fig. 3. The frequencies of peaks and modes for each individual for each stimulus, along with the
ML distributions of these peaks. The largest number of peaks is Weibull distributed, very few are
Gamma distributed, and only one is log-normally distributed. Most modes are Weibull distributed,

very few are Gamma distributed, and only one is log-normally distributed. No modes are greater
than 1.

LogNormal

=1

B

Modes of Distribution of Peaks
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Control | Stressed Control Stressed

Neutral
Neutral

Pleasure Fear
Pain Pleasure Fear

Pain

Laugh
Laugh

Number of Coefficients p Number of Coefficients g

mo m1 Ez2 EB3 E4 HE5 N6
Fig. 4. The heat map of the frequencies of the coefficients ¢y k = 1...pand t;j = 1...g
in the ARMA(p.q) time series models for the signals supplied by the wearables’ data sets. The
numbers of coefficients for # are randomly distributed, whereas those for ¢ are not. In fact, by
far the most gpk = 1...p are for p = 3. There is no significant statistical difference between the
frequency distribution of coefficients for & between ‘control’ and “stressed’; nor is there any for
the coefficients for . In this latter case, very, very many are p = 3.

These results show that the BVP signal for each individual provides no evidence that
inducing stress altered the distribution of peaks nor the distribution of the amplitudes ¢y
in the ARMA(p,q) time series, except for some features of ‘Fear’.
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4 Discussion

The data set we analyze here is large: there are 1350 time series with 384 data points
each. The measurement routine can be considered reliable, as only 32 of 1350 (2.4%)
time series had to be discarded. It is remarkable that the non-noise amplitudes gy in the
ARMA(p,g) time series are co-linear (Fig. 5). We cannot explain this and have found
no reference to such a relation in the literature. This linearity implies, for example, that
the amplitudes ¢ and ¢, are anti-correlated with each other and anti-correlated with 3.
In other words, if a BVP signal (without noise) is strongly dependent on the previous
amplitude, then the dependence on the ‘pre-previous’ amplitude is strongly suppressed,
and by almost the same amount. Whether this effect depends on latencies in the blood
vessel dilation, we do not know (yet).

. 3
o 2 ¥
A » Control c' 1
I * Stressed
3 -
2r .
¥3 i
1l g
o
i “a

0 ¥2

Fig. 5. A graph of the amplitudes ¢ &k = 1...3 for all ARMA(3,q) time-series registered by
the wearables as the raters rated the stimuli showing ‘Pain’—color-coded according to whether
the raters were control or stressed. Not all time-series are rendered in this graph, because some
have been discarded, and some have ARMA(p,q) models with p > 3. Displayed are 110 ‘control’
time-series and 146 ‘stressed’ time-series. In this graph, for all ¢y k = 1...p < 3 we observe
that ¢ =0V2 < k < 3. These (few) ¢; can be seen as a short row of dots at ¢3 = 0. (Color
figure online)

The primary goal of the study was to investigate whether the wearables can detect an
alteration in the time series, after the cortisol level is raised. We find no significant effect.
One possible explanation for this may be that 6.00 s (384 measurements) is too short for
the circulatory system to respond. Another possibility is that effects are only detectable
in a multivariate setting: we have not investigated a vector time series. In any case, the
univariate signal BVP provides no evidence for a significant difference between stimuli
for an individual (control versus stressed). Outside a laboratory setting, the decision to
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decrease the sampling frequency is probably motivated by extending battery life and
maintaining state tracking, which lasts longer than stimulus exposure.

The outcome regarding the distribution of the ML distributions is important for the
development of algorithms that will be applied in future computations. We expect most
ML distributions to be Weibull.

p=1 p=1
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6.0} 51=0.403 5120307
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a0 7.0
3.0 5.0
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Fig. 6. The result of testing whether the amplitudes ¢ k = 1...p of the ARMA(p.q) are sig-
nificantly different for the controls versus the stressed. The probability s is the probability that
amplitudes for a given p are more probable for the ‘controls’. For all six p, the HDIg5¢, uncertainty
interval (sq, s7) overlaps the probability s = %, so there is no evidence of a significant difference
between the amplitudes ¢ k = 1...p for *stressed’ versus ‘controls’. All modes are very close
tos = % The short, red, vertical lines show the borders of the HDlgsg;, interval. (Color figure
online)

We point out that in one case a significant difference was found, namely in case
of ‘Fear’. This is an important finding involving several research fields. In the field of
psycho-physiological research, there is an ongoing debate about the problem of fear
perception regarding categorization (positive vs. negative), and classification (labeling
the stimulus with a correct name). It is present in many sensory fields (visual-facial
perception, and acoustic-vocalization perception). Our study may resolve this problem
by providing support for involvement of an inner state (in our case stress) in ambiguous
stimuli perceptions.
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5 Conclusion

This paper shows that there are shortcomings when using wearables related to monitoring
stimuli data. Although their use is on the increase, it should be pointed out that, currently,
wearables are not precise laboratory devices; they have limitations due to short battery
life, sensitivity to movement artifacts (accelerations), and data gathering frequencies
incompatible with several physiological variations (such as blood vessel dilation). In
our case, the sampling rate only allowed us to use one sensor output, namely BVP.

It should be pointed out though that the proportion of discarded data is below 3%,
which is a very good result, indicating that the wearables could handle almost any
challenges posed by the wearer.

Usually, wearables are used in applications that last several minutes or more. While
we argue that the six-second period is insufficient, we have no conclusive evidence
other than the hint of a very small signal-to-noise ratio (Fig. 4). We point out that this
novel approach (using time series analyses) is one rigorous method of quantifying noise.
We have not found literature analyzing noise in wearables applications with such short
sampling times. The oftentimes used analysis deals with amplitudes of peaks; we point
out that perhaps too many (noise-related) artefacts are then included in the analyses.
If wearables are to be used as assistance to human-computer-interaction, the sampling
rate needs to increase, with sufficient battery-life, the wearables all the while remaining
sufficiently unobtrusive for the wearer. It should be further noted that the future use
of human-computer-interaction should also include rapidly changing signals, e.g., EEG,
combined with several signals from wearables so as to generate a multivariate time series.
Thus, high-sampling rate wearables could supply valuable input about the individual s
psychological state, such as stress-level, which will inform researchers about the central-
nervous system response measures. There is an urgent need to develop the methods in the
near future since in many situations the state of the individual may be a life-threatening
one.
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ABSTRACT

Inferring the emotional state of an individual by viewing his/her fa-
cial expression seems to be present in all human cultures. Numerous
studies have shown that various changes in facial muscles deter-
mine the resulting facial expression. The analysis of images of faces
expressing emotional states promises to contribute to quantification
of the claimed observations. Here, we use a suite of Al (artificial
intelligence) algorithms, along with ML (maximum likelihood) esti-
mated distributions to quantify the shift in facial expression from
“neutral”—“fear” and “pain”—“pleasure”. The images are single
frames of five emotional states (neutral, fear, pain, pleasure, laugh)
expressed by actors and actresses in BDSM videos. We extract a fea-
ture vector for each image, dimension-reduce these feature vectors
by mapping them onto a two-dimensional manifold and calculate
the norms of the normalized displacement vectors for each emo-
tional pair. We then find that the ML distributions of the norms are
Gamma-distributed and that the modes for each pair are different
for both males and females. We use Wilks lambda to determine
significance. We find that the distributions for the females are signif-
icantly different, but not for the males. The methodology we present
here has widespread applications: monitoring the emotional states
of humans in various settings; among these: determining whether
participants in BDSM and similar videos are indeed volunteering
their participation or are victims of criminal activity.
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1 INTRODUCTION

Interpersonal interaction is often thought to be conveyed by verbal
exchanges, albeit not exclusively. Facial expressions are considered
a further natural method to “advertise” one’s emotional affective
states during the majority of social interactions. This latter claim is
supported, it is argued, by their universal perception [3, 9].

The ability to express emotional affective states and the further
ability to ascertain the displayed emotional affective state has been
shown to be universal. A considerable body of intercultural studies
have provided evidence that the particular emotional expressions
joy, fear, sadness, and anger are to a large degree universally un-
derstood; the same seems to hold for the expression of pain (which
is not a basic emotion) [3, 6].

Some emotional expressions are so closely linked to emotional
states that there exists a consensus among psychologists that a
small number of pure emotions can be considered basic states,
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much like base vectors in a coordinate decomposition of a point in
some high-dimensional space. These base states are characterized
by specific — and identifiable — facial muscle contractions [6]. They
are identifiable not only by researchers active in psychological field
work, but also by anyone observing these facial expressions in
someone else’s face.

This has led to codification of facial muscle movements called
FACS (Facial Action Coding System) which is based on so-called Ac-
tion Units. Each Action Unit is a collection of facial muscle contrac-
tions (and releases) that create, through an as yet-to-be-determined
synchronization, a particular facial expression [6]. The method is
used descriptively (in order to analyze the emotional status of an
individual) but also prescriptively as a template for the animation of
facial expressions [11]. Animations are routinely used in the com-
puter graphics industry, where the distinction between the facial
expressions of pain and of sexual climax is particularly interesting;
furthermore, a difference of mental representations of these two
emotional expressions could be derived [5].

One can, of course, down-regulate the expressiveness and
thereby affect the amount of information shared between the experi-
encing person and his/her observer (the proverbial poker face comes
to mind) but there may be limits that apply to extreme experiences.
In the context of sexuality, this grimace issue has already been
described in the “Kinsey Reports” [7]. Recently, other examples
from other social situations have also been observed [12].

Pain, pleasure and fear are three emotional states suspected to
be ambiguous to observers/raters whenever these states are not
presented within the encompassing context of the communication.
Interestingly, the accuracy of judgement of these emotional states
can be even lower when actors/actresses are instructed to act the
emotion rather than when it is expressed in genuine, real-life set-
tings [1]. Thus, BDSM (Bondage-Dominance-Sadistic-Masochistic)
sexual acts, performed by professional actors in commercial for-sale
videos are a data set we can use to investigate the expressions of
these emotions and pain.

Use of BDSM videos of private persons would infringe on their
right to privacy and we could not reliably infer which emotion is
being expressed (we would have to rely on their statements). In the
case of BDSM videos with professionals, on the other hand, we are
certain that the displayed emotion is intentionally expressed, per-
haps not genuinely. If the intensity is insufficiently displayed, the
video, along with the actor/actress, would disappear from the mar-
ket. We cannot expect the emotions expressed by the actor/actress
to be translated into a genuine grimace, but this uncertainty is the
leverage point we use for our analysis.

Here, we pursue an image analysis regimen, including Al to
focus on high-intensity states during which the facial muscles are
contracted to a grimace, putatively communicating an otherwise
difficult-to-identify intensive experience. We quantify the differ-
ences in grimaces by using the Euclidean distance between normal-
ized dimension-reduced feature vectors, extracted from the images
of the grimaces, to derive the statistics of differences and their
significance.

We pursue this analysis methodology because we are not cer-
tain whether the emotion pair transitions “neutral”— “fear” and
“pain”— “pleasure” are quantifiable and whether they are sufficiently
useful for a large range of image analysis applications.

Hermann Prossinger et al.

2 MATERIALS

One of the authors (T.H.) scanned ten BDSM videos with profes-
sional participants, five of females and five of males. Based on the
development of the plot in the video, five frames (one frame of
neutrality, one of fear, one of pleasure, one of pain, one with laugh-
ter) were chosen from each video. The data base thus consists of
50 images of these five emotions expressed by five actors and five
actresses.

3 METHODS

We could not expect the emotions expressed by the actor/actress
in a pornographic video to be grimaces that express genuinely
felt emotions, but the pornographic industry and its marketing
mechanisms ensure that the grimaces in successfully sold videos
must be convincingly genuine for the viewer. We therefore used
such videos in this investigation.

‘We (a) used Al image recognition software to extract the rec-
tangle containing the face with negligible borders in each of the
50 frames (one for each of the five emotions expressed by the 10
actors/actresses); (b) used a suite of image analysis routines sup-
plied by the software package [13] to align the five faces for each
actor/actress in each video; (c) applied a feature extraction func-
tion to the five images thus aligned to generate four 4D feature
vectors (one for “neutral”, one for “pleasure”, one for “fear”, and
one for “pain”) for each actor/actress; (d) dimension-reduced each
of these 4D feature vectors to coordinates on a 2D manifold via an
auto-encoder neural network with 7 layers; and (d) calculated the
Euclidean distance between (normalized) pairs of these dimension-
reduced 2D feature vectors for each video (Fig. 1 & 2).

‘We then estimated the ML distribution of these Euclidean dis-
tances and calculated the modes as well as the HDIos55 uncer-
tainty for the distance distribution between the emotion pairs
“neutral”— “fear” and “pain”—“pleasure”. (The HDIysy, interval is a
confidence interval; it is the generalization of the +1.96s interval
for the normal distribution, where in this formula s is the point
estimator of the standard deviation of the sample. The HDlg5¢ is
derived from the ML distribution, not from the point estimators of
the sample.) We then used Wilks lambda to determine whether the
ML distributions (and, by implication, their modes) for the emotion
pairs “neutral”’—"fear” and “pain”— “pleasure” are significantly
different.

4 RESULTS

For the females, the ML distributions for the emotion pairs
“neutral”’—“fear” and “pain”— “pleasure” are Gamma distributions
with modes 1.177 and 0.791, respectively (Fig. 3a); Wilks lambda is
5.985, so the probability that both emotional distances are drawn
from the same statistical population is 5.0%. In other words, the two
populations of (normed) distances are significantly different. We
also observe that the mode of the normed distance “neutral”— “fear”
is greater than the mode of the normed distance “pain”— “pleasure”,
We observe that the HDIgs¢, uncertainty for the females during the
transition “neutral”—“fear” is not only least of all four (males and
females), but remarkably narrow.

For the males, the ML distributions for the emotion pairs
“neutral”’—“fear” and “pain”— “pleasure” are Gamma distributions
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Figure 1: The shifts in emotion manifest in the images of the five females, obtained by dimension-reduction of the feature
vectors of the image frames. Color-coding is unique for each female; arrows show the direction we investigated in this study;
capital letters identify the females. There are two arrows per female, because we investigated two shifts. We observe that the
shifts “neutral”—“fear” are oftentimes longer than “pain”—“pleasure”.

with modes 0.801 and 1.158, respectively (Fig. 3b); Wilks lambda
is 3.658, so the probability that both distances are drawn from the
same statistical population is 16.1%. In other words, the two pop-
ulations of (normed) distances are insignificantly different (at 5%
significance level). We also observe that the mode of the normed
distance “neutral”—“fear” is less than the mode of the normed dis-
tance “pain”— “pleasure” — opposite the mode shifts for the females.
However, because the different distributions are not significantly
different, this inequality is of no consequence.

5 DISCUSSION

We looked for the five leading ML distributions (from more than a
dozen, including mixture distributions) in order to choose one. We
used three criteria for our choices: (a) the domain of the distribution
must be positive (thus, the normal distribution must be excluded),
(b) AIC (Akaike’s Information Criterion) must be a minimum, and
(c) if there are competing distributions meeting criteria (a) and (b),
the ones that agree for both the emotion pairs “neutral”— “fear”
and “pain”— “pleasure” (but not necessarily the same distribution

family for males and females). Using these three criteria, we find
that all the emotion distances are Gamma distributed (Fig. 3).

To assume that the normed distances are Student ¢-distributed
is fallacious, so a t-test is not possible. Furthermore, because ML
methods estimate both ML parameters of the distribution in one
sweep, an ANOVA test is doubly useless (ANOVA assumes that
the sample points are drawn from a normal or nearly-normal dis-
tribution and that the variance estimated from the data is a good
estimator of the variance of the distribution).

Each stimulus/image used in this study was one single frame
taken from the video at the moment an intensive affective state was
shown/experienced by the actor/actress; we relied on the researcher
making the choice, based on his following the plot while watching
the video (or relevant parts of it). The resolution of the extracted
image was occasionally as low as 500 x 550 pixels (because the face
was within a BDSM scene); furthermore the orientation of the head
was not predetermined. We used an image alignment algorithm
[13] to ensure reasonable alignment of the faces via image rotation.
The feature extraction software is minimally dependent on the
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Figure 2: The shifts in emotion manifest in the images of the five males, obtained by dimension-reduction of the feature
vectors of the image frames. Color-coding is unique for each male; arrows show the direction we investigated in this study;
capital letters identify the males. There are two arrows per male, because we investigate two shifts. We observe that the shifts
“neutral”—“fear” are not always longer than those for “pain”—“pleasure”.

exactitude of the alignment, so we could (and did) assume the results
are neither biased by the alignment issue nor the smallness of the
image of the face (if the image is not too small). Consequently, the
result is remarkable in terms of accuracy, far more so than a result
obtainable by some human rater. Evidence: we have previously
applied the same method of feature vector extraction of images in
short horror-video game clips [9] where 50 frames (with chosen
maximum expression in the 24'h frame) were used to successfully
distinguish neutral facial expression from expressions of joy and
fear, respectively.

6 CONCLUSION

The differentiation of distinct facial expressions can be further used
in the implementation of safety fuses during personal use of horror
videos at home as suggested by [2] but also for maintaining the
well-being of smart-city inhabitants (for a review see [8]).

The method we presented here can potentially be used in the
analysis of already existing video materials (typically online) to

determine whether the depicted individuals are personally endan-
gered or are experiencing discomforting — or worse — situations
[2]. Needless to mention, it is important to determine the bor-
der between BDSM videos that have voluntarily participating ac-
tors/actresses and those that inflict criminal violence. The proof-of-
principle we demonstrate here can contribute to keeping the market
for BDSM videos legal. The method definitely has its limitations if
and when the quality of the data set is insufficient.

This novel approach we have presented here demonstrates that
the emotional pairs pain and pleasure are easily distinguishable
from each other in males and females with surprisingly high accu-
racy — likewise for the pairs consisting of neutral facial expression
and fear. The outcomes bring novel approaches to emotion dif-
ferentiation applied to semi-naturally occurring videos (typically
depicting the interactions of two adult individuals participating in
BDSM activities). Other novel approaches to be developed are the
analysis of the highly salient expression of ambiguous emotions by
employing further Al algorithms available in MATHEMATICA®
[13].
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Figure 3: The ML distributions of the shifts “pain”—“pleasure” (dark magenta) and “neutral”—“fear” (dark blue) for the nor-
malized Euclidean distances (females: Fig. 1 and males: Fig. 2) for the females (above left) and the males (above right). The
color-coded rug plots in both graphs show the normalized Euclidean distances. All ML distributions are Gamma distributions;
the shaded areas (from s1 to s2, respectively) are 0.95 for each distribution; these define the HDIg5¢ confidence intervals. We
observe that the modes of all distributions differ and for both males and females the HDIgss confidence intervals overlap.
However, the two sets of normalized distances for the female shifts are significantly different (at 5% significance level), while

for the males they are not.

These methods generate numerous implications for emotion
research, namely in health care, in on-the-spot diagnostics (such
as when a potential witness is being interviewed by a detective),
and in applications in the fields of information and communica-
tion technologies. The method can be used to not only estimate
one’s affective state with high accuracy during certain activities
and to trigger safety fuses [2] but also to retrospectively evaluate
existing visual materials. Importantly, since video-recording is a
non-invasive type of data collection and real-time analysis is avail-
able, we stress that it should become a method of choice to benefit
people.
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Abstract

Our research consists of studying the probability of humans being able to assess the differences
between the valence of human faces in combination with simultaneous human vocalizations of high
(pain and pleasure) and low (smile/laughter and neutral expression/speech) intensities. The study was
conducted online and used a large sample (n = 902) of respondents. The task was to categorize
whether human vocalizations and facial expressions that can be considered semi-naturalistic were
rated positive, neutral, or negative when presented with audio stimuli and pictures of faces. These had
been extracted from freely downloadable online videos. Each rating participant (rater) was presented
with four facial expressions (stimuli), accompanied by the simultaneous vocalizations. Two of these
were highly intense (pain and pleasure) and two of low intensity (laugh/smile and neutral). Using a
Bayesian statistical approach, we could test for consistencies and due-to-chance probabilities. The
outcomes support the prediction that the results (ratings) are not due to chance in all cases (so some
ratings were not guesses, even though they might have been incorrect) — findings agreeing with result
from unimodal auditory rating but not in agreement with unimodal facial expressions ratings. The
highly intense displays are incorrectly attributed. Therefore, we can assume that the auditory
information is dominant in terms of certainty of the rating; yet it does not provide extra information for
the case of highly intense affective expressions.
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Introduction

When interacting, in real life with others (an ecologically valid scenario) and interpreting their
affective states, we humans are exposed simultaneously to a dynamic multitude of
information about the expresser (i.e. facial expression, body posture, vocalization, etc.) and, in
many cases, about the situation eliciting such states (i.e. context, antecedents, etc.) [1, 2, 3, 4,
5,6,7].

The concerto of information that is processed via different channels (often auditory or visual
channels; olfaction is yet to be evaluated but suggestions exist — e.g., [8]). In such a
situation, it is hard to assess the importance that single elements (i.e. facial expression or
vocalization) have in determining the interpretation of the affective states.

The study of the ability to correctly attribute emotional and affective expressions of others
was impacted by recent papers showing counterintuitive evidence that affective states with
high intensity are more difficult to correctly assess from facial expression [9, 10, 11, 12] or
vocalization [ 13, 14] without further context.

There are two main characteristics of affective states and emotion valence and intensity that
have been studied. The approach postulates that the two vectors of all effects be placed
somewhere in the plane. The same rules apply for all modalities; this two-dimensional model
of emotion [15, 16] can also be used when physiological measures or self-report measures are
implemented, making it an ideal tool. In special cases, we can limit one the analysis to one
vector — for example, when testing extremely intensive affect displays or displays
specifically pre-selected to address this issue [9, 11, 12].

This approach has been used in previous studies in which the visual (facial expression) and
auditory (vocalization) stimuli were presented separately to investigate the ability to correctly
identify the emotional valence (positive/negative) of the stimulus while being presented with
only one modality. The published literature on the topic suggests that the facial expression of
affective states was correctly attributed with high accuracy when their intensity was low (i.e.
laugh and neutral expression) but they were not correctly assessed when the intensity was
high (i.e. pain and pleasure). This effect was found also for emotional vocalization, leading to
the conceptualization of the “emotional intensity paradox™ (a terminology first so named by
Holz and colleagues [14]; even though earlier publications on the topic exist): vocalization
emitted in high arousal effective states are harder to correctly categorize as a positive or
negative emotion [14, 17].

Other studies showed, however, that further information provided to the observer can increase
the correct identification of the highly intensive emotion. For example, the facial expressions
when winning or losing are not recognized alone but they are correctly categorized when the
accompanying body posture was also shown. This may be an effect of some specific source of
information: body posture is better recognized than the face in the specific case of winning or
losing [9], therefore the clarity of one source of cues (the body) may disambiguate the less
clear source of the other cue (facial expression). Alternatively, the better rating could be
explained by the extra information presented to the observer and another type of information
source (i.e. vocalization) could bring about the same effect.

The most recent studies show that there are further important measures — other than
correctness — that should be taken into account. Two studies [12, 17] suggested (each for a
different modality) that the results need to be consistent, and not due to chance (equivalent to
guessing).

The use of Bayesian statistical analysis by the above-mentioned researchers shows that the
respondents were highly consistent (they reliably rated the stimuli twice in differently
randomized orders) and not guessing (see the description in the Appendix) when rating the
affective states of low intensity (neutral and laugh in both modalities).— distributed almost
equally between the positive and negative rating options. The ratings were due-to-chance (the
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possibility of not guessing was under 1%; [12]) for the visual modality. An interesting
comparison is provided by the results of auditory stimuli ratings — the outcome is equally
unsuccessfully assessed but there but the ratings were not due to chance — the chance of
guessing was under 1% [17].

It should be pointed out that the stimuli used in the last two aforementioned studies are semi-
naturalistic and were not produced in a laboratory since the laboratory approach was highly
criticized for its low ecological validity [12, 17, 18]. The used stimuli also were not pre-tested
(a step that is often used by researchers to evaluate the stimuli being in concordance with the
mental representation of the population). Furthermore, this pre-testing is impossible for
extremely intensive facial and vocal displays since they are inherently ambiguous [9,11, 12,
17].

Previous studies of two modalities show an additive effect when they are congruent and
competitive when incongruent [19, 20, 21, 22, 23, 24, 25, 26].

Therefore, it is highly interesting to investigate whether the congruent combination of visual
or auditory stimuli will increase the accuracy of judgment (an additive effect) and whether the
due-to-chance probability will be shifted towards one of the senses (sensory dominance).

The Current Study

Our study is designed to overcome some of the aforementioned methodological limitations.
Aim: to quantify the consistency of the ratings of affective facial expressions and
vocalizations, focusing on the (biological) sex of the rater as well as the (biological) sex of the
rated (the expressers). The stimuli used were images of facial expressions and audio records
of four emotional vocalizations, with high (pain and pleasure) and low (neutral and
smile/laugh) intensity. The facial expression and the vocalization were presented
simultaneously, but randomized. As in previous studies, the stimuli were produced by
different male and female expressers [27] to avoid biases due to the expressivity of the
expresser.

We generated our set of stimuli by using picture frames and audio records from videos that
depict consensual acts of extreme sexual activities. The stimuli were previously used in three
studies: Prossinger [28] used facial expressions to evaluate the differences between facial
expressions of pain and pleasure using Al (Artificial Intelligence) based methods; it showed
there is a difference between these facial expressions. The same set of stimuli was used by
Boschetti [12] to further support the claim that human raters are unable to correctly categorize
facial expressions. The vocalizations during the same time points as the picture frames were
used by Binter [17] to evaluate the ability of raters to assess the valence of vocalizations; they
obtained similar accuracy of ratings outcomes.

We retained the categorical methodology; there are three rating categories: positive, negative,
or neutral. We predicted that, if the individual is exposed to a negative stimulus (pain, for
instance) — the grimace on the picture and the vocalization on the audio record (with the
expected high intensity) — will be rated as negative. In a manifestly opposite stimulus
(pleasure, for instance) the rating should be positive.

The general expectation is that female raters perform better than male raters when rating
negative emotions [29, 30, 31, 32]. In one study, female raters performed better in recognizing
female expressions of pain [10]. However, female raters were not more successful in rating
the valence of stimuli in the previous two studies using unimodal highly intensive affect
stimuli (facial expression: [12]; vocalization: [17]).

We also expect that ambiguous stimuli of high intensity presented as bimodal (though audio
and visual channels) will have a higher probability of correct identification in comparison
with the same stimuli presented in a unimodal presentation (only audio or only visual
channel).
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Materials & Methods
Raters and Stimuli

Expressers’ vocalizations and Expressers’ Facial Expressions: In order remain consistent with
the published terminology, we use the terms “expressers”, “faces”, “vocalizations”, and
“vocal displays” to describe what was presented in the video frames and audio records as
stimuli. We specify the biological sex of each expresser (evident from the videos) with male
and female.

Raters: In order to remain consistent with the published terminology, we use the terms
“expression raters” and “respondents” to describe the individuals who were presented with the
stimuli and who provided their ratings. We specify the biological sex of the expresser with the
terms male and female. The biological sex we list is the respondent’s self-reported one. We
deleted all ratings (n = 4) who did not report their biological sex.

A total of 902 individuals (aged 18—50; Mage = 32 years, SD = 8.9 years) completed the
questionnaires; 526 women (Mage = 30.9 years, SD = 8.3 years) and 376 men (Mage = 33.6
years, SD = 9.5 years). 61,08% of the participant has secondary education or lower and
61.75% live in an area with less than 100000 people.

Criteria for inclusion were: (a) age of respondents between 18 and 50 years, and (b) at least a
minimal experience with adult media, since the vocalizations used in this study were extracted
from such materials.

The data were collected in the Czech Republic in 2021 via the agency Czech National Panel
(narodnipanel.cz) and a science-oriented online portal pokusnikralici.cz using the online
platform for data collection Qualtrics™. Participants submitted responses either via computer
keyboard or touchscreens of mobile devices (smartphones or tablets).

The stimuli (4 affective states — laugh, neutral, pleasure, and pain — expressed by female
and male expressers) were presented to the subject in random order for 1.5 seconds and rated
as positive, negative, or neutral.

Stimuli generation

From the numerous audio-visual materials ten were chosen (five with female expressers and
five with male expressers). Based on the plot in each of these ten, five frames with faces and
simultaneous vocalizations were selected (one each of neutrality, fear, pleasure, pain, and
smile/laughter). Three of the authors (S.B. J.B. & T.H.) are researchers in field of human
sexuality with more than ten years of experience of focusing on extreme sexual behavior and
on consumption of erotic materials. All three authors (one female and two male) provided
their opinion on all of the chosen stimuli. All agreed on stimuli choice and what expression is
to be expected, based on the contextual information. The agreement on stimuli choice was
debated among all three researchers in dedicated meetings.

We point out that a common misconception is that the individuals taking part in such
exchanges derive sexual pleasures from pain and the two (pain and pleasure) happen
simultaneously. Although this may be possible, we have found no mention for such evidence
in the published scientific literature. Rather, it should be noted that sensitivity is increased by
the experience of pain in various parts of the body (in our case mainly slapping the buttocks
and thighs) and only after the painful procedure is over is climax achieved. All the chosen
visual and audio stimuli were derived from the context of the video. Specifically, we could
rely on the images/scenes to identify the displayed emotions and affects. There is no doubt,
due to the camera perspective, about the occurrence of the climax in male expressers. No such
explicit judgment can be used for female expressers, but all signals of the occurrence of
climax were identified by the researchers (involving breathing, contraction of pelvic
musculature, twitching of anal sphincter muscles, facial blushing, vocalization, etc.; [33]), and
further supported by expressers’ self-reports at the ends of the videos.
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In each video, male/female faces and vocalizations expressed pain and pleasure during the
session, while smile and laughter and neutral facial expressions and vocalization (speech)
were filmed and recorded during an interview prior to the pain and pleasure experiences. All
picture stimuli presented to the raters were scaled to 600 X 600 pixels; we used triangulation
between the tip of the nose and pupils to ensure that the proportions of the face on the screen
were comparable among all frames. No background was visible within the frames presented.
All audio stimuli were adjusted to the same sound level and lasted from 0.5 seconds to 1.5
seconds— depending on the stimulus.

Ratings

Previous literature [34] has noted that it is a challenging task to correctly identify the facial
expression (e.g., to categorize the expression of pain as pain). The same can be claimed about
human vocalizations. We, therefore, asked our participants to rate the observed expression as
either positive, neutral, or negative. We thereby avoided the problem of correct labeling and
avoided any intricacies associated with a verbal categorization system. The ratings were
communicated either via using keyboard keys or a touchpad with dedicated areas (specified
by icons); they were subsequently stored in a dedicated database.

Statistical Analyses

Due to the inherent advantages of Bayesian statistics when dealing with our research
questions, we implemented this approach. General descriptions follow, while more detailed
descriptions, augmented by a graphical display, are provided in the Appendix L.
The statistics we evaluate is the mode of the pdf of each rating distribution, which is a 3-
parameteric Dirichlet distribution. The components of each mode are the probabilities of
rating positive, negative or neutral by the raters of the expressers.
Confusion matrices: The method of determining whether two groups are significantly
different (or not) is to calculate the confusion matrix; it is the obligatory method to use when
sample sizes are small. One sample (F) has a distribution distr and another sample (G) has a
distribution dist;. When there is an overlap of the pdfs (probability density functions) of
these two distributions, a fraction of F is TRUE (and a fraction is FALSE); likewise, for G. The
confusion matrix has four entries:
TRUEF  FALSEp
(FALSEG TRUE )

If both off-diagonal elements ({FALSEr, FALSE;}) are small, there exists a significant
difference between the distributions of F and of G (the significance level being chosen by the
researcher). Observe that the sum of each row in the confusion matrix is 1 = 100%. The
fractions in the confusion matrix can also be calculated using Monte Carlo methods.
Possibility of effects being due to chance: In Bayesian statistics, the probability s is a random
variable (0 < s < 1). For each combination of raters and expressers s is the probability of a
correct rating. Thus, the likelihood function is the probability density function of a Beta

distribution (Appendix 1). The crucial separator for determining chance is s = % The
probability is either the integral of the likelihood function L(s) over the interval 0 < s < % or

the integral over the interval% < s <1, depending on which side of s = %the mode is. In

either case, the integral determines whether an observation is due to chance. (A graphical
description is shown in the Appendix I).
Results

Age distributions by biological sex
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Table 1 and Fig.1 show that the distributions of the male and female raters have different
modes. We use KDE (kernel density estimation) with a Gaussian kernel because, as Fig. 1
shows, it is not to be expected that raters of either sex have a parametric distribution or even a
superposition of one or two such parametric distributions. We also note that modes and
expectation values differ between the sexes and also for the same sex. The HDIoso, uncertainty
interval is very broad, so we can consider the distributions for both sexes to be comparable to
a uniform distribution of respective ages. The confusion matrix shows that the two
distributions are not significantly different.

Table 1
Estimator Male Raters Female Raters
N 376 526
Range (years) 18-50 18-50
Mode (years) 41.7 27.0
[E (years) 33.6 30.9
Mean (years) 33.6 30.9
HDlIosy, (years) 16.4-50.3 15.8-49.8

Table 1 The descriptors and the estimators for the ages of the raters, separated by (biological) sex. [E is the
expected value (estimated by E = | 060 u X pdf (KDE, u) du, where KDE is the kernel density estimation),
and HDIysv, (highest density interval: the interval with a 95% probability of observing an age;[35]).

Figure 1

KDE Distributions of Ages of Male and Female Raters
pdf

FEMALE Raters
MALE Raters

P RN N .l L. A A age
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Figure 1 The distributions of the ages of males and of females estimated using a KDE (kernel density
estimation) with a Gaussian kernel. Superimposed of the graphs of the pdfs is a histogram of the registered
ages (scale of frequencies on the right). Modes, expected values, means, and HDIoso, of both distributions

are listed in Table 1. The two distributions are not significantly different; the confusion matrix is

(363 717)%

Confusion Matrices: Sex Difference in Ratings

We used the confusion matrix to test for significant differences between male and female
raters, separately for male and female stimuli. An example of the Beta distribution used for
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the calculation of the confusion matrix is in Fig. 2. We assume that the results are significant
if both of the off-diagonal entries in the confusion matrix are less than 10% [36]. The
Dirichlet distributions of the stimuli rating are in Appendix II.

Figure 2

PLEASURE female stimuli

FEMALE Raters

MALE Raters
15

10

L 1 . L i
0.2 0.4 0.6 0.8 1.0

Figure 2 One example of the two Beta distributions for the affective state pleasure for female stimuli —
female and male raters. s is the probability of correct rating; L is the likelihood of the probability s. The
thin, dashed, vertical line is the boundary between true/false for each distribution. The integrals to the left
and right of this vertical line are used for the calculation of the confusion matrix (numerical values in Table
2). Details are described in the text. The modes of the probabilities (the abscissa values) are the ML (most
likely) probabilities of the likelihoods of each distribution; numerical values are in Table 2.

For the stimuli produced by female expressers (Table 2), we observed significant differences
between the ratings of female and male raters for the high arousal affective states (pain and
pleasure), while we do not observe any significant differences for the low arousal affective
states (laugh and neutral). In this last case, the accuracy of the rating was high for both, male
(modepeytral = 0.832; modej,ugn = 0.832) and female (modeyeytrar = 0.855; modey,ygn =
0.819) participants. The ratings for pain expressed by a female expresser were incorrect for
both rater sexes but significantly worse for male raters (modep,i, = 0.229) than for female
raters (modep,in, = 0.295). The ratings for pleasure were also incorrect and significantly
different between male and female expressers; but, in this case, male raters (modepjeasyre =
0.619) were more correct than the female raters (modepjeasure = 0.534).

Among the male stimuli, we found that all the affective states were significantly differently
rated by male and female participants (Table 2). We found the highest accuracy in rating for
low arousal affective states (laugh and neutral) and in both cases female raters (modej,ygn =
0.930; modeeyiral = 0.939) were significantly more accurate than male raters

(Imodej,ugn = 0840; modepeyiral = 0.904). The ratings for the male expression of pain
were incorrectly rated by both the male and female raters in both sexes, but significantly less
correct for female raters (modep,i, = 0.093) than for male raters (modey,,;, = 0.139). For
the expression of pleasure (also rated incorrectly) we found the opposite: female raters
(modepjeasure = 0.606) were more accurate than the males (modepjeasure = 0.536).
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Table 2

Affective female stimulus male stimulus
States FEMALE raters MALE raters FEMALE raters MALE raters
mode 0.295 0.229 0.093 0.139
Pain Confusion (94.9 5.1 ) (93.8 6.2 )
matrix 6.6 934 7.2 92.8
pdtC 0.00 0.00 0.00 0.00
mode 0.534 0.619 0.606 0.536
Pleasure Confusion (96.7 3.3 ) (93.8 6.2 )
matrix 41 959 7.7 92.3
pdtC 0.058 2.01x107° 5.95 x 1077 0.082
mode 0.819 0.832 0.930 0.840
Laugh Confusion (72.9 27.1) (99.9 0.1 )
matrix 443 55.7 0.1 999
pdtC 3.39 x 107°? 2.86 x 10741 4.64 x 107102 2.15x 10743
mode 0.855 0.832 0.939 0.904
Neutral Confusion (78.7 21.3) (92.2 7.8 )
matrix 28.1 719 89 911
pdtC 6.07 x 1076 2.86 x 1071 8.33 x 107108 1.76 X 10763

Table 2 The modes, the confusion matrices, and the probability due-to-chance (pdtC) of the ratings of the

affective states. For probability of due to chance rating we consider the 5% level adequate.

Ratings Due to Chance

One of the advantages of the Bayesian approach is the possibility to test whether the result
obtained is consistent (‘real’ in common parlance) or if it is obtained due to chance. The
probability of the result being due to chance (Table 2) ranges between 0 and 0.5; the closer to
0.5, the more probable that the result is due to chance.
Apart from pleasure, the ratings of all of the affective states were rated with a chance
probability below 1 X 10~° (Table 2). We could conclude the ratings for all stimuli except
pleasure, were not guessed and the result is reproducible. We highlight again that this does not
imply that they were accurate, only that the ratings are not due to guessing and the raters were
convinced of their ratings. In the case of pleasure, we found that the ratings of female raters
rating the female stimuli (pdtCpjeasure = 0.058) and the male participants for male stimuli
(pdtCpieasure = 0.082) were not due to chance. This result affects the interpretation of the

statistical difference of rating distribution for pleasure: if the stimuli were not rated due to
chance, then the differences (if significant) are important.

Discussion

There are numerous ways to produce stimuli for testing. Most often, trained actors and/or
actresses are asked to produce facial expressions and vocalizations that are later rated by
professionals or naive respondents in a pre-test. Whenever the within-rater agreement is
sufficiently high, the stimulus is used for testing [37].
In our case, this approach is not possible for two reasons: (a) Because our hypothesis
postulates that the two expressions that are of highest interest to us (pain and pleasure) are
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putatively indistinguishable, asking pre-test raters to distinguish these would not be sensible.
(b) Using stimuli labeled during the pre-test as pleasure or pain, for example, would
inherently lead to testing whether the participating raters agree with the pre-test evaluators on
representations of pain and pleasure. That is to say, whether there is a common mental
representation as discussed by Chen [38]. The ethological validity of such a result would be
extremely limited and has recently been criticized [12, 17, 18].

Instead, we followed the methodology of two pioneering studies on this issue [7, 9]. To do so,
we searched for videos online with distinctive facial expressions and vocalizations by
expresser(s) — restricting our search to webpages that allowed a free download option. As an
extension to the previously mentioned articles, we went one step further in our stimuli choice
and insisted on finding (and using) individuals of both biological sexes who each expressed
all the five desired facial expressions (together with the simultaneous vocalizations).

Our findings concerning (bimodal) stimuli are in agreement with recent research about
affective states: for both sexes, the accuracy probability for low-intensity affective states
(laugh/smile and neutral/neutral) is higher than for high-intensity affective states (pain and
pleasure).

Male raters showed a tendency to rate more positively the high arousal stimuli produced by
female expressers than did the female raters. This tendency has been found to be significant
for both pain and pleasure. These results could be explained by a theory of sexual
overperception bias, for which male would be more susceptible to false-positive errors when
inferring female sexual expressiveness. As an extension of this bias, males may rate female
expressions as more positive than female raters. Men generally exhibit a tendency to over-
perceive sexual signals [39, 40, 41].

Indeed, when analyzing stimuli produced by male expressers, female raters rated pain and
pleasure expressions significantly more positive than did male raters. Importantly, we note
that male ratings of male pleasure stimuli and female ratings of female pleasure stimuli are
due to chance. The raters were guessing the valence of the stimuli and they were not
convinced of their judgment. The due-to-chance analysis is important because, in this case it
indicates that even if the ratings are significantly different among the sexes of the raters, they
are not reliable: the same participant could rate differently in a hypothetically different
moment.

We found no significant differences between male and female raters rating low arousal stimuli
produced by female expressers. The raters rated these stimuli with very high accuracy (and
not due to chance). Our finding is in agreement with previous studies using the same
methodology [12, 17].

Interestingly, for male expressers, we found that the low intensity affective states were
significantly better rated by female raters and were not due to chance. Our finding supports
the previously suggested female superiority regarding emotion detection and interpretation
(females are faster and more accurate in the attribution of the displays; [29, 30, 31, 32, 42]).
However, our results do not support a female superiority in expressing the affect by facial
expression in isolation (suggested by [41, 42]) nor vocal display in isolation (suggested by
[44, 45]). The stimuli of low arousal affective states produced by male expressers showed
higher mode component than these same stimuli expressed by females. However, these
stimuli (low arousal affective states expressed by males) are rated significantly more
accurately when rated by female participants (Table 2).

When we compare the obtained results with the findings in previous studies that presented the
same stimuli in an unimodal regime — solely the visual (facial expression) and solely
auditory (vocalization) modality — we should be aware that these stimuli were found to be
different when using Artificial Intelligence methods [28, 46]; we find the present findings
clearly confirm these differences. The main finding of the study on facial expressions in
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isolation [12] is that the mechanism to distinguish between extremely intensive positive and
extremely negative displays (pain and pleasure) has a consistently very low accuracy (among
repeated rating tasks), whereas the low-intensity displays (neutral and laugh/smile) are
consistently identified with high accuracy. Similar results were obtained for the vocalizations
presented in isolation [17], confirming outcomes we obtained in the current study. What
differs for high-intensity affective states in the different modalities of presentation is the
participants’ convictions regarding their choice: while in the case of facial expression the
ratings were always due to chance [12] and in the case of vocalization they were never due to
chance (even if the decision was not correct, the raters still were convinced of their decision;
[17]). Herein, in the case of bimodal stimuli presentation for the expressions of pain, the
ratings were never due to chance while for pleasure they were due to chance in only two
conditions (female stimuli rated by female raters and male stimuli rated by male raters). These
results highlight that, even if the bimodal presentation did not improve the accuracy of the
ratings, it changed the level of confidence that the raters had in their answers. Generally, they
are more confident than when rating only the facial expression but less confident than when
rating only the vocalizations. Furthermore, the findings of our current study supply a strong
evidence that the sex of the rater and that of the expresser is important when guessing is
involved.

Limitations and Future Directions

One seeming limitation would be the prediction of null results. In a statistical sense, it is not to
be considered problematic to test for a null effect (but perhaps it was when Null Hypotheses
Statistical Testing conventions/paradigms, and the associated fallacies, were widespread).
Bayesian statistics is not susceptible to such an issue (because the methods we use do not
violate Bayes’ Theorem) and specifically includes testing for a null result. Therefore, this
approach is promising for future research.

We tested for two types of null results. One null result (often observed): the outcome of a
statistical test shows that the observed effect is due to chance. The other type we tested for: that
the observed difference of a result that is not due-to-chance but the detected difference is valid
with a very small probability.

In both studies presented here, the samples of both stimuli expressers and raters consisted of
members of a Caucasian population, since the diversity of the population in the Czech Republic
is minimal. The results, although very strong, may not be directly generalizable to other
populations.

Female sexual pleasure is objectively difficult to assess, but this difficulty applies to all related
research. There are claims that even self-reports would not be sufficient. Devices used for
measuring female sexual arousal are insufficiently reliable [47, 48, 49], so we did not use them
in this investigation. As in other studies that attempt to relate arousal with female pleasure
expression, we use the pragmatic approach: for stimulus creation, it is sufficient to adopt the
convention of relying on using already existing, freely downloadable videos with distinctive
human vocalizations. Researchers who question this pragmatic approach must then reject the
validity of a vast number of studies dealing with vocal expressions of pleasure, not only those
using videos. However, it should be pointed out that applying the Al methods to human
vocalizations (as was done for facial expressions, [28]) has the potential of resolving this
impasse. By the same token, we feel the need to address the possibility that the expression of
the stimulus need not match the inner feeling of the expresser. This is not a design flaw but
involves an inherently biological aspect in the field of research using naturalistic stimuli.

Lastly, it should be pointed out that the situation of sexual play is not transferable to other types
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of interaction where such mismatches can be found, e.g., sport, fighting, and injury infliction.
Consequently, the generalization of our findings to such fields may have to be used with
caution.

Conclusion

The manuscript presents the results of bimodal stimuli presentation of affective states
expressions and also compares the outcomes to previous articles that used the same
methodology but had only focused on unimodal stimuli presentation. Our study found that the
probability of highly accurate assessment is confirmed for low-intensity affective states
(laugh/smile and neutral) whereas for high-intensity affective states (pain and pleasure) this is
not the case. Furthermore, the male raters tended to rate the bimodal stimuli by female
expressers far more positively than female raters, which could be due to a theorized sexual
overperception bias found in some previous studies.

We did not identify any significant differences between the male and the female raters rating
low arousal stimuli produced by female expressers. However, for male expressers, low-
intensity affective states were better rated by female raters. We found no evidence of female
superiority in expressing emotions through facial expressions or vocalizations in previous
studies, but we did find that, when the bimodal stimuli are used, the low arousal affective
states expressed by a male were rated more accurately by female raters.

As a consequence of our findings, we suggest that future studies should focus on the pleasure
perception being rated due to chance in case of within-sex rating conditions. Studying this
phenomenon may bring important insights into research on sexual consent.

References

1. Donato G, Bartlett MS, Hager JC, Ekman P, Sejnowski TJ. Classifying facial actions. /EEE
Transactions on Pattern Analysis and Machine Intelligence. 21(10):974-989 (1999).

2. Kibrik, A., & Molchanova, N. Channels of multimodal communication: Relative
contributions to discourse understanding. In Proceedings of the Annual Meeting of the
Cognitive Science Society, Vol. 35, No. 35 (2013).

3. Martinez, L., Falvello, V. B., Aviezer, H., & Todorov, A. Contributions of facial
expressions and body language to the rapid perception of dynamic emotions. Cognition
and Emotion, 30(5), 939-952 (2016).

4. Zhou, W. & Chen, D. Fear-related chemosignals modulate recognition of fear in ambiguous
facial expressions. Psychological Science, 20, 177-183 (2009).

5. Wieser, M. J. & Brosch, T. Faces in context: a review and systematization of contextual
influences on affective face processing. Frontiers in psychology 3, 471 (2012).

6. Kayyal, M., Widen, S., & Russell, J. A. Context is more powerful than we think:
Contextual cues override facial cues even for valence. Emotion, 15(3), 287 (2015).

7. Aviezer, H., Ensenberg, N., & Hassin, R. R. The inherently contextualized nature of facial
emotion perception. Current Opinion in Psychology, 17, 47-54 (2017).

8. Roberts, S. C., Havlicek, J., & Schaal, B. Human olfactory communication: current
challenges and future prospects. Philosophical Transactions of the Royal Society
B, 375, 20190258 (2020).

9. Aviezer, H., Trope, Y., & Todorov, A. Body cues, not facial expressions, discriminate
between intense positive and negative emotions. Science, 338, 1225-1229 (2012).

10. Hughes, S. M. & Nicholson, S. E. Sex differences in the assessment of pain versus sexual
pleasure facial expressions. Journal of Social, Evolutionary, and Cultural Psychology
2(4), 289 (2008).

11. Wenzler, S., Levine, S., van Dick, R., Oertel-Knochel, V., & Aviezer, H. Beyond pleasure

192



and pain: Facial expression ambiguity in adults and children during intense situations.
Emotion, 16(6), 807 (2016).

12. Boschetti, S., Prossinger, H., Hladky, T., Machov4, K., & Binter, J. “Eye can’t see the
difference”: Facial Expressions of Pain, Pleasure, and Fear Are Consistently Rated Due
to Chance. Human Ethology, 37, 046-072 (2022)

13. Atias, D. et al. Loud and unclear: Intense real-life vocalizations during affective situations
are perceptually ambiguous and contextually malleable. Journal of Experimental J Exp
Psychol Gen., 148(10), 1842 (2019).

14. Holz, N., Larrouy-Maestri, P., & Poeppel, D. The paradoxical role of emotional intensity
in the perception of vocal affect. Scientific reports, 11(1), 1-10 (2021).

15. Russell, J. A. A circumplex model of affect. Journal of Personality and Social
Psychology, 39(6), 1161 (1980).

16. Posner, J., Russell, J. A., & Peterson, B. S. The circumplex model of affect: An
integrative approach to affective neuroscience, cognitive development, and
psychopathology. Development and Psychopathology, 17(3), 715-734 (2005).

17. Binter, J., Boschetti, S., Hladky, T., & Prossinger, H. "Ouch!" or "Aah!": Are
Vocalizations of 'Laugh', 'Neutral', 'Fear', 'Pain' or 'Pleasure' Reliably Rated?. Preprint
at https://psyarxiv.com/rf7vw/ (2023).

18. Van Der Zant, T., & Nelson, N. L. Motion increases recognition of naturalistic postures
but not facial expressions. Journal of Nonverbal Behavior, 45(4), 587—600 (2021).

19. Pourtois G, de Gelder B, Vroomen J, Rossion B, Crommelinck M. The time-course of
intermodal binding between seeing and hearing affective information. Neuroreport, 11
(6): 1329-1333 (2000).

20. Shimojo S., Shams L. Sensory modalities are not separate modalities: plasticity and
interactions. Curr Opin Neurobiol 11(4) 505-509 (2001).

21. de Gelder B, Pourtois G, Weiskrantz L. Fear recognition in the voice is modulated by
unconsciously recognized facial expressions but not by unconsciously recognized
affective pictures. Proc Natl Acad Sci USA. 99 (6): 4121-4126 (2002).

22. Bertelson, P, Aschersleben, G. Temporal ventriloquism: crossmodal interaction on the
time dimension. 1. Evidence from auditory-visual temporal order judgment. Int J
Psychophysiol. 50 (1-2): 147-155 (2003).

24. Wada Y., Kitagawa N., Noguchi K. Audio-visual integration in temporal perception. Int J
Psychophysiol. 50(1-2) 117-124 (2003).

25. Pourtois G, de Gelder B, Bol A, Crommelinck M. Perception of facial expressions and
voices and of their combination in the human brain. Cortex 41(1): 49-59 (2005).

26. Vroomen J., Driver J., de Gelder B. Is cross-modal integration of emotional expressions
independent of attentional resources? Cogn Affect Behav Neuroscience 1(4) 382-387
(2001).

27. Belin, P., Fillion-Bilodeau, S., & Gosselin, F. The Montreal Affective Voices: A validated
set of nonverbal affect bursts for research on auditory affective processing. Behavior
research methods, 40(2), 531-539 (2008).

28. Prossinger, H., Hladky, T., Binter, J., Boschetti, S., & Riha, D. Visual Analysis of
Emotions Using Al Image-Processing Software: Possible Male/Female Differences
between the Emotion Pairs “Neutral”’—“Fear” and “Pleasure”—“Pain”. The [4th
PErvasive Technologies Related to Assistive Environments Conference 342-346
(2021).

29. Rotter, N. G., & Rotter, G. S. Sex differences in the encoding and decoding of negative
facial emotions. Journal of Nonverbal Behavior, 12(2), 139-148 (1988).

30. Thayer, J., & Johnsen, B. H. Sex differences in judgement of facial affect: A multivariate
analysis of recognition errors. Scandinavian Journal of Psychology, 41(3), 243-246

193



(2000).

31. Hall, J. A., & Matsumoto, D. Gender differences in judgments of multiple emotions from
facial expressions. Emotion, 4(2), 201 (2004).

32. Hampson, E., van Anders, S. M., & Mullin, L. I. A female advantage in the recognition of
emotional facial expressions: Test of an evolutionary hypothesis. Evolution and Human
Behavior, 27(6), 401-416 (2006).

33. Dubray, S., Gérard, M., Beaulieu-Prévost, D., & Courtois, F. Validation of a self-report
questionnaire assessing the bodily and physiological sensations of orgasm. The Journal
of Sexual Medicine, 14(2), 255-263 (2017).

34. Roberson, D., Damjanovic, L., & Kikutani, M. Show and tell: The role of language in
categorizing facial expression of emotion. Emotion Review, 2(3), 255-260 (2010).

35. Kruschke, J.K. Doing Bayesian Data Analysis. A Tutorial with R, JAGS, and STAN. (2nd
Edition. Elsevier/Wiley, Waltham, MA, USA, 2015).

36. Caelen, O. A Bayesian interpretation of the confusion matrix. Annals of Mathematics and
Artificial Intelligence, 81(3), 429-450 (2017).

37. Kitsyri, J., & Sams, M. The effect of dynamics on identifying basic emotions from
synthetic and natural faces. International Journal of Human-Computer Studies, 66(4),
233-242 (2008).

38. Chen, C. et al. Distinct facial expressions represent pain and pleasure across cultures.
Proceedings of the National Academy of Sciences, 115(43), E10013—-E10021 (2018).

39. Perilloux, C., Easton, J.A., Buss, D.M. The misperception of sexual interest.
Psychological Science, 23(2), 146—151 (2012).

40. Brandner, J. L., Pohlman, J., & Brase, G. L. On hits and being hit on: Error management
theory, signal detection theory, and the male sexual overperception bias. Evolution and
Human Behavior, 42(4), 331-342 (2021).

41. Younis, I., & Ibrahim, M.A. A beautiful noise: women’s coital vocalizations. Human
Andrology 5(1), 5-12 (2015).

42. Gregori¢, B. et al. Recognition of facial expressions in men and women. Medicina
Fluminensis 50(4), 454-461 (2014).

43. Hess, U., Blairy, S., Kleck, R.E. The intensity of emotional facial expressions and
decoding accuracy. Journal of Nonverbal Behavior, 21, 241-257 (1997).

44. Banse, R., & Scherer, K. R. Acoustic profiles in vocal emotion expression. Journal of
personality and social psychology, 70(3), 614 (1996).

45. Scherer, K. R., Banse, R., & Wallbott, H. G. Emotion inferences from vocal expression
correlate across languages and cultures. Journal of Cross-cultural psychology, 32(1),
76-92 (2001).

46. Prossinger, H., Hladky, T., Boschetti, S., Riha, D., & Binter, J. Determination of
“Neutral”—"Pain”,“Neutral”—Pleasure”, and “Pleasure”—Pain” Affective State
Distances by Using Al Image Analysis of Facial Expressions. Technologies, 10(4), 75
(2022).

47. Meston, C. M., Levin, R. J., Sipski, M. L., Hull, E. M., & Heiman, J. R. Women's
orgasm. Annual Review of Sex Research, 15(1), 173-257(2004).

48. Cooper, E. B., Fenigstein, A., & Fauber, R. L. The faking orgasm scale for women:
Psychometric properties. Archives of Sexual Behavior, 43(3), 423-435 (2014).

49. Meston, C. M., & Stanton, A. M. Understanding sexual arousal and subjective-genital
arousal desynchrony in women. Nature Reviews Urology, 16(2), 107—-120 (2019).

Author Contributions
JB, SB and TH conceptualized the project. JB, SB and TH participated in stimuli creation and
the data collection. HP analyzed the data. JB, SB, TH and HP participated in the drafting and

194



in the revision of the manuscript. All authors read and approved the final version of the
manuscript.

Acknowledgments

The study was preregistered on the OSF portal: https://osf.io/bhk6m/.

Funding

This research was funded by the Czech Science Foundation in the project with number GACR
19-12885Y and titled “Behavioral and Psycho-Physiological Response on Ambivalent Visual
and Auditory Stimuli Presentation”.

Ethics

Institutional Review Board Statement

This study was conducted in accordance with the Declaration of Helsinki and approved by the
Institutional Review Board of the Faculty of Science, Charles University, Prague, Czech
Republic (Protocol Code 2018/08, approval date: 2 April 2018).

Ethics of using isolated audiovisual materials as stimuli

Although the affliction of pain in the context of extreme, yet consensual, sexual activities is
typically due to the actions of some other person, the individual experiencing it knows that
he/she consented beforehand and has the ability to demand termination at any time while the
scenario evolves; he/she thus retains a high degree of control. Typically, a ‘safe-word’ is used
to terminate such physical and/or psychological activities, and, subsequently, after
termination, nurturing behaviors are then provided to such an individual. Pain itself is not an
aim of the behavior but rather the goal of increasing sensitivity and priming for greater
pleasure (in a sexual sense). It is rare that injuries (apart from bruises) are inflicted on the
pain-receiving individual. As stated on the production webpage, all participants in the video
clips were informed (not by us, but by the directors) about the to-be-filmed scene contents;
they agreed to participate and were interviewed by members of the production team after the
scene had been completed.

We consider the use of such stimuli as beneficial for science (granted: these stimuli are
perceived as controversial by some). They offer the possibility of novel understandings about
the problems of the perceptions of human facial displays (accompanied by vocalizations) in
several of the evolutionarily most relevant contexts. The acquired knowledge (some of which
we have obtained and are presenting in this paper) can, and will certainly be, used in the fields
of education, sexuality-related prevention, law enforcement, and therapy. We, therefore,
maintain that the benefits by far outweigh the objections to using such stimuli.

Informed consent

An online information text and consent form was supplied. After reading it, a box was to be
ticked by each participant (indicating their informed consent) prior to their participation.
Post-study Support and Debriefing

All parts of the design and debriefing were conducted in co-operation with a trained
psychologist who also supervised all data collection.

We supplied the participants (after they finished the response process) with a list of contacts:
(1) to the principal investigator, (2) to a psychological counseling center, and (3) to an
organization that deals with sexuality-related issues.

Data Availability Statement

The data are available on the OSF portal at https://osf.io/yhfv8

The frames were extracted from commercially available online videos. As these videos are
proprietary, we can only make the extracted frames we used available from the corresponding
author (upon reasonable requests originating from a serious institutional email address).
Conflicts of Interest

The authors declare no conflict of interest.

195



Appendix I

Bayesian estimation of guessing

Each stimulus is rated as exhibiting one facial and one vocal expression. We do not expect,
but do postulate — as a test — that both the facial expression smile (for example) and the
vocal expression will be rated positive, while any other rating is considered incorrect. We use
a Bayesian approach to determine the maximum likelihood of a correct probability(!). For
each stimulus of each facial expression rated by the females (say), let n; be the number of
ratings that agree with the postulated rating, while n, is the number of ratings that disagree
with the postulated rating (then n,; + n, = n; n = 526 for female raters; n = 376 for male
raters). In Bayesian statistics, in which the probability s is a random variable, the likelihood
function, for this situation, thelikelihood function £(s) = pdf(s) is the pdf of a Beta
Distribution

I'(a+B)
()T (B)

I'(n{ +n, + 2
Sa—l(l _ S)ﬁ—l _ ( 1 2 ) sM(1 — s)"

L(Be(a,p),s) = " T(ny + DI(ny + 1)

The probability (in Bayesian statistics) of observing a result disagreeing with the postulate of

guessing is then, either

L(Be(a,B),s) ds

O uin

or

L(Be(a,B),s) ds

NIH'\O

depending on which side of % the mode occurs.

The most likely probability sy, is the mode, and for a Beta distribution, sy, = ai;iz =
~ T:Lln . We note that (a) the postulate is always s, even if the postulated rating is negative (as
1 2

in the case of pain), and (b) these results are independent of n, even though n may be small

(for small n, the uncertainty interval HDIoso, becomes large).

196



Appendix 11

The Dirichlet distributions of (a) male raters rating male and female pain stimuli, (b) female
raters rating male and female pain stimuli, (¢) male raters rating male and female pleasure
stimuli, (d) female raters rating male and female pleasure stimuli, (e) male raters rating male
and female laugh/smile stimuli, (f) female raters rating male and female laugh/smile stimuli,
(g) male raters rating male and female neutral stimuli, (h) female raters rating male and
female neutral stimuli. The A axis shows the probability of positive rating; the C axis shows
the probability of negative rating. The domain of each of these Dirichlet functions is shown

by the (purple) triangle, because s; + s, + s3 = 1. In all figures, contour lines are color-
coded according to sex of stimulus. Contour lines are in steps of iLmaX of the distribution.
For neutral, for example, the mode is expected to be very close to s, = 1; therefore the other
two modes should be very close to s; = 0 and s; = 0. Fig. 3g and 3h show that this is indeed
the case. For laugh, the mode is expected to be very close to s; = 1; therefore the other two
modes should be very close to s, = 0 and s; = 0. Fig. 3e and 3f show that this is indeed the
case. The corresponding expectations for the modes of pain and pleasure are not met — for
neither sex of the raters.
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Abstract

Our research consisted of two studies focusing on the probability of humans being able to
perceive the difference between valence of human vocalizations of high (pain, pleasure and
fear) and low intensity (laugh and neutral speech). The first study was conducted online and
used a large sample (n = 902) of respondents. The second study was conducted in a
laboratory setting and involved a stress induction procedure. For both, the task was to
categorize whether the human vocalization was rated positive, neutral or negative. Stimuli
were audio records extracted from freely downloadable online videos and can be considered
semi-naturalistic. Each rating participant (rater) was presented with five audio records
(stimuli) of five females and of five males. All raters were presented with the stimuli twice (so
as to statistically estimate the consistency of the ratings). Using a Bayesian statistical
approach, we could test for consistencies and due-to-chance probabilities. The outcomes
support the prediction that the results (ratings) are repeatable (not due to chance) but

incorrectly attributed, decreasing the communication value of the expressions of fear, pain,
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and pleasure. Stress induction (in study two conducted on 28 participants) did have an impact

on the ratings of male neutral and laugh — it caused decrease in correct attribution.

Introduction

Previous studies that deal with acoustic channels

Complex language-based communication is a quite remarkable human characteristic. Thus,
paraverbal communication is highly important in social species, such as humans. Much can be
deduced from the vocalization e.g., biological sex (Puts et al.,

2012), attractiveness (Feinberg et al., 2005), body size (Pisanski & Reby, 2021).
Furthermore, prosody plays a vital role in the communication of sexual interest (Hughes &
Puts, 2021), of dominance towards listeners (Leongémez et al., 2021), and — importantly —
also of affective states (Pisanski et al., 2018).

The communication of affective and emotional states is fundamental for our everyday lives.
The interaction among and between humans mainly involves the visual and acoustic channels
(Kibrik & Molchanova, 2013). The concerto of the information occupying the senses is what
creates the final assessment of the communicator’s state, being based on context, (linguistic)
content, postures, facial expressions and prosody (Leongomez et al., 2022). If the linguistic
content is not taken into account, the communicative value of one single signal (i.e. facial
expression or vocalization alone) is difficult to extract from the overall multimodal
perception.

When only emotional vocalization was rated, the specificity and universality of the vocal
production was supported in the case of a negative emotion (Sauter et al., 2010; Gendron et
al., 2014) by a cross-cultural study of emotional prosody in both speech (Pell et al., 2009) and
emotional vocalization (Gendron et al., 2014). In other studies, the specific role of emotional
categories had important implications, with the emotions belonging to the “basic emotions”
(anger, fear, disgust, happiness, sadness, and surprise) — presumably because these were
more easily recognized in cross-cultural contexts (Bryant & Barrett, 2008; Sauter et al., 2010).
Indeed, publications that focused on the communicative value of one single component of the
complex expression process showed outcomes that were not in accordance with both major
theories of emotions, one conceptualizing emotion as discrete-categorical (Izard, 1994;
Ekman & Cordaro, 2011) and one which focused on emotion dimensions (i.e. valence and
arousal, Russell, 1980; Posner at al., 2005). Both theories predicted that emotions that are
categorically different (discrete category theory) or on opposite sides in terms of valence

(emotion dimension theory), are not misunderstood because they are related to very specific
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and distinct psychophysiological activation.

Following these theories, we could expect that, even when taken out of context, emotional
expressions would be distinguishable among each other’s; but data-driven research provides
us with counterintuitive results.

Recent results on emotional vocalizations have discovered a novel phenomenon — the
misattribution of very intense emotions, called “emotion intensity paradox” (a name given by
Holz et al., 2021; even though earlier publications on the topic exist): when the intensity of
the emotion is very high, it is more difficult to extract the valence (positive or negative) (Atias
et al., 2019).

This misattribution not only occurs for acoustic stimuli; it was previously found in the facial
expressions of emotion as well (Aviezer et al., 2012; Hughes & Nicholson, 2008; Wenzler et
al., 2016; Boschetti et al., 2022). Facial expressions of emotions of high arousal are not only
very difficult to rate correctly, but are oftentimes rated due to chance (‘guessing’) and
inconsistently (Boschetti et al., 2022). The due to chance probability is rarely studied but is a
very important metric that allows, based on data distribution, for interpretation related to

repeatability of the outcome. It is calculated as the probability by integrating the likelihood
function of the Beta distributions over the integral from 0 to % or from % to 1, depending on

which side the mode is; these areas are the probability of the observed distribution of the
ratings being due to chance.

A further metric related to the reproducibility is the consistency. The stimuli are presented
twice in randomized order; the probability of the same rating being repeated (irrespective of
the correctness of the rating) is reported to evaluate how consistent the rated phenomenon is
for the raters. It should be pointed out that the two are not dependent on each other, and are
not necessarily related to correctness. The ratings may be incorrect, consistent and due to
chance or any other combination of the three.

We note that guessing can be inconsistent; therefore, any study dealing with rating issues
must test for both guessing and inconsistency. Artificial intelligence (Al) analysis conducted
on the facial stimuli identified a further interesting phenomenon. While humans are unable to
rate correctly due to inability to extrapolate sufficient cues present in the facial expression, Al
can correctly categorize the facial expressions with high accuracy (Binter et al., 2021;
Prossinger et al., 2022). The rating inconsistencies by humans is due to their inability to grasp
such subtle cues; consequently, the facial expressions of intense emotions are guessed.

This destroys foundations of the communicative value of the extreme affective state as
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previously discussed by Aviezer et al. (2012). Since the intensity of the experience (by the
expresser) is very high and the situation that evokes it is rich in contextual information
regarding the valence, the aim of the behavior may be mainly to capture and orient the
attention of those observing (i.e. the receivers). In particular, acoustic stimuli function
primarily to gain attention; this has been previously found when comparing screams (intense
emotional vocalizations) with regular speech with regard to accuracy and rapidity of
localization (Arnal et al., 2015). The results showed that screams were faster and better
localized and no differences between natural and synthetic screams (the latter constructed by
adding roughness to neutral vocalizations using dedicated software) were found. A recent
publication extends this finding and suggests that the ratings of the perceived affects are
shifted towards the negative end of the valence scale (Anikin et al., 2020).

Another variable that can have an impact on the success of correct rating is the sex of the rater
as well as the sex of the expresser. Previous studies showed that women are better at correct
attribution, especially in case of negative emotion evaluation (Thompson & Voyer, 2014).
Belin and colleagues (2008) found that male participants rated the expressions as more
intense. In that same study, the sex of the expresser was also found to have a significant
impact on the ratings of valence and arousal — with a greater arousal but smaller valence
attributed to the vocalizations produced by women. The (statistical) association between the
sex of the rater and the sex of the expresser was not significant and two groups of authors
recommended further studies to clarify this point (Belin et al., 2008; Thompson & Voyer,
2014). In a third study (Vasconcelos et al., 2017), the effect of the sex of the rater was specific
for the emotional category (i.e. better recognition of anger and sadness by females in contrast
to surprise by males); thus, this (third) study confirms the better recognition of negative
expression of vocalizations by women.

There are several limitations in the experimental designs of the majority of the
aforementioned studies.

First, because the vocalizations were staged (i.e. often performed by ‘neutral’ actors who do
not elicit the acted emotion, because they did so in a laboratory or in a recording studio). The
role of ecological validity clearly emerged as a limiting in case of real versus artificial laugh.
The two are not only perceived differently but also cause the activation of different brain
regions (McGettigan et al., 2013).

Second, the sex of the raters and the expressers is not always taken into consideration. In light
of previous studies (Thompson & Voyer, 2014; Belin et al., 2008; Vasconcelos et al., 2017)

showing that this characteristic may systematically affect the correctness of the ratings, it is
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important to explore the effect of this characteristic — especially the interaction between the
sex of the raters and sex of the expressers. Extending on this point, the expressivity of the
specific expresser should also be taken into account: some individuals may be more
expressive or more stereotypic (or both) in their emotional expression and, therefore, the
stimuli produced from such individual may be easier to correctly identify.

Third, a further limitation of the previous studies, which also contributes to the differing and
oftentimes contradicting findings, is the presenting of pre-identified emotion categories and/or
the use of a rating scale (Bryant, 2021). The pre-identification of categories (i.e. requesting
the respondent to choose whether the emotion displayed is anger, fear or surprise) is more
likely to capture the complex psychological representation of the emotion and increase the
variance, because it could then be more affected by culture and linguistic differences — as
criticized by Boschetti at al. (2022). The focus of previous studies was often on the emotions
and affects as categories (without attention for the how intense these emotions are) or on the
dimensions of the emotions (high vs. low arousal or positive vs. negative), without
categorizing the emotions. Consequently, outcomes of a study avoiding these limitations
(such as the present one) are very difficult to compare with previous research that focused on
the universality of specific categories (such as basic emotions) but not on others (the
secondary emotions —the affects).

Fourth, a limitation that should be mentioned is the rater’s state. In the real world scenario, it
is almost impossible to be calm and remain in a neutral state while being exposed to a high
affect situation that includes the presentation of the extreme vocalizations of pain, pleasure or
fear. It was previously shown that the vocalization itself changes (Tolkmitt et al., 1986;
Sherer, 2003; Cowie & Cornelius, 2003). Others are also able to differentiate whenever the
sender is stressed (Kreiman & Sidtis, 2011; Piskanski et al., 2019) as well as when it can be
detected by computer algorithms (Han et al., 2018; Praseito et al., 2019).

There are researches that focused on affect rating while under condition of stress. In all of the
previous cases it was facial expression that was rated. One study has identified the shift
towards the negative valence of surprised faces (Brown et al., 2017); another study has found
this shift in unambiguous faces (neutral and smile) but not in ambiguous faces (pain and
pleasure expression) while the physiological changes were found only in response to fear
expressions by the same researchers (Boschetti at al., 2022, Binter et al., 2022).

Studies presented in this paper

Our studies are designed to overcome some of the aforementioned methodological limitations.

Aim of Study I: to quantify the consistency of the ratings of such vocalizations, focusing on
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the (biological) sex of the rater as well as the (biological) sexes of the rated (expressers). The
stimuli used were audio records of five emotional vocalizations, with high (pain, pleasure and
fear) and low (neutral and laugh) intensity. As in previous studies, the stimuli were produced
by five different male and five different female expressers (Belin et al., 2008). Each emotion
is expressed by five male and five female expressers (so there are 25 stimuli), and each rater
rated each of these stimuli twice, presented in random order. We thereby control for the sex
and the expressivity of the rated individual (the stimulus expresser).

We generate our set of stimuli by using audio records from videos that depict consensual acts
of extreme sexual activities. We adopted a categorical methodology in which there are three
ratings: positive, negative, or neutral. We predicted that, if the individual has been exposed to
a negative stimulus (pain, for instance) — the vocalization on the audio record (with the
expected high intensity), will be rated as negative. In a manifestly opposite stimulus (pleasure,
for instance) the rating should be positive. We expect female raters to perform better then
male raters in recognizing negative emotions.

Aim of Study II: to evaluate the impact of the physiological state of the rater on his/her
ratings. The procedure followed that of Study I with the addition of a stress inducing
procedure (Cold Pressure Task; described in more detail below).

Materials & Methods

Sample

Expressers’ vocalizations: In order to be consistent with the published terminology, we use
the terms “expressers” and “vocalizations” to describe what was presented in the 50 audio
records as stimuli. We specify the biological sex of the expresser with the terms male and
female. The biological sex of the expressers is documented in the audio records, so we (the
authors of this paper) could rely on this information.

Raters: In order maintain consistency with the published terminology, we use the terms
“expression raters” and “respondents” to describe the individuals who were presented with the
stimuli and who provided their ratings. We specify the biological sex of the expresser with the
terms male and female. The biological sex we list is the respondent’s self-reported one. We
deleted all ratings (n = 4) of respondents who did not report their biological sex.

In Study I: A total of 902 individuals (aged 18—50; Mage = 32 years, SD = 8.9 years)
completed the questionnaires; 526 women (Mage = 30.9 years, SD = 8.3 years) and 376 men
(Mage = 33.6 years, SD = 9.5 year). In Study II, 28 individuals (aged 19-30; Mage = 22.3 years,
SD = 2.3 years) participated; 13 women (Mage = 22.7 years, SD = 2.8 years) and 15 men (Mage
=21.9 years, SD = 1.8 years).
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Study II: The data were collected in a laboratory in Prague, Czech Republic. 15 participants
were presented with the same stimuli as in Study I; the lower right legs of target group
members (n = 15) were immersed in cold water (2—4 °C) for 1’2 minutes, which subsequently
increased their stress level (Cold Pressor Task, CPT; Bullinger et al., 1984; Brown et al.,
2017). The control group’s 13 participants’ lower right legs were immersed in water at room
temperature.

Criteria for inclusion were: (a) age of respondents between 18 and 50 years, and (b) at least a
minimal experience with adult media, since the vocalizations used in this study were extracted
from such materials.

The Two Studies

Study I The data were collected in the Czech Republic in 2021 via the agency Czech National
Panel (narodnipanel.cz) and a science-oriented online portal pokusnikralici.cz using the online
platform for data collection Qualtrics®. Participants submitted responses either via computer
keyboard or touchscreens of mobile devices (smartphones or tablets).

Study II: The data were collected in a laboratory in Prague, Czech Republic. The participants
belonging to the experimental group (n = 15) were presented with the same stimuli as in
Study I after that the lower right legs had been immersed in cold water (2—4 °C) for 1%
minutes, which subsequently increased their stress level (Cold Pressor Task; Bullinger et al.,
1984; Brown et al., 2017). The control group’s 13 participants’ lower right legs were
immersed in water at room temperature before being expose to the stimuli.

Stimuli generation

From the numerous audio-visual materials viewed, ten audio records (five with female
vocalizations and five with male vocalizations) were chosen. Based on the plot in each of the
audio-visual materials, five vocalizations were selected (one of neutrality, one of fear, one of
pleasure, one of pain, and one with laugh). Three of the authors (S.B., J.B. and T.H.) are
researchers in field of human sexuality with more than 10 years of experience, specifically
focusing on extreme sexual behavior and on consumption of erotic materials. All three
authors (one female and two male) provided their opinion on all of the chosen stimuli. Based
on the contextual information, all agreed on stimuli chosen and what expression is to be
expected. Prior to agreement, stimuli choices were debated among all three researchers in
dedicated meetings.

We point out that a common misconception is that the individuals taking part in such
exchanges derive sexual pleasures from pain and the two (pain and pleasure) happen

simultaneously. Although this may be possible, we have found no mention of it in the
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published scientific literature. Rather, it should be noted that sensitivity is increased by the
experience of pain by various parts of the body (in our case mainly slapping the buttocks and
thighs) and only after the painful procedure is over is climax achieved. All the audio stimuli
we chose were derived from the whole context of the video. Specifically, we could rely on the
images/scenes to identify the emotions and affects (which the raters could not, as they only
heard the vocalizations). There is no doubt, due to the camera perspective, about the
occurrence of the climax in male expressers. In the female expressers, no such explicit
method of judgement can be used, but all signals of the occurrence of climax were identified
by the researchers (involving breathing, contraction of pelvic musculature, twitching of anal
sphincter muscles, facial blushing, vocalization etc.; Dubray et al., 2017), and further
supported by expressers’ self-reports at the ends of the videos.

In each audio record, male/female vocalizations expressed fear, pain and pleasure during the
session, while laugh and neutral vocalization (speech) were recorded during an interview prior
to the pain and pleasure experiences. All stimuli (audio records) were adjusted to the same
sound level and lasted from 0.5 seconds to 1.5 seconds — depending on the stimulus.
Procedures

In Study I, the set of stimuli was presented twice (Task 1 and Task 2), each time with a
different randomization sequence: each stimulus was played for approximately 1.5 seconds at
random intervals ranging from 1 to 3 seconds (so as to avoid constant/rhythmic preparedness
for the stimulus presentation). Thus, a total of 100 ratings (two for each of the 50 different
stimuli) were collected for each rater.

In Study II, each rater was presented with the set of stimuli (25 male and 25 female
vocalizations from five male and five female expressers) only once. The reason is that the
Cold Pressor Task (CPT) has limited impact on the cortisol release and this allowed us to
finish the procedure within 20 minutes after the effect of the CPT ended.

Ratings

Previous literature (Dolan et al., 2001, Bryant, 2021) has noted that it is a challenging task to
correctly identify human vocalizations (e.g., to categorize the expression of fear as indeed
fear). We therefore asked our participants to rate the observed expression as either positive,
neutral, or negative. We thereby avoided the problem of correct labeling and avoided any
intricacies associated with a verbal categorization system. The ratings were communicated
either via using keyboard keys or a touchpad with dedicated areas (specified by icons); they
were subsequently stored in a dedicated data base.

Statistical Analyses
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Due to the inherent advantage of Bayesian statistics when dealing with our research questions,
we implemented this approach. General descriptions follow, while more detailed descriptions,
augmented by a graphical display, are provided in the Appendix.

(a) Confusion matrices: Both female and male ratings are Dirichlet-distributed (in our case: 3-
parametric). The (Bayesian) method of determining whether two groups are significantly
different (or not) is to calculate the confusion matrix; it is the obligatory method to use when
sample sizes are small. One sample (F) has a dis