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Abstract

Human sexuality research can only enter the world of modern rigor if it no longer adheres to
questionable and often outright fallacious data analysis and hypothesis constructing. It is
insufficient to merely consider the acquisition of previously unused parameters as a
modernization. Some of the paradigm shifts I present in this thesis will modernize human
sexuality research.

Beyond a traditional comparison of stimuli, primarily pairwise, modern methods, such as
neural networks, allow for the detection of interrelatedness that cannot be tested via a

priori hypotheses. With the immersion of individuals into VR-type environments, stimuli
presented by avatars, etc. can generate responses that will further insights into the working of
the sexual mind. Individuals inadvertently reveal behaviors when they are involved in an
entertainment setting. The overlap between VR for research and VR for entertainment is a
further modernity that researchers can use.

Sadly, the tradition of using fallacious statistical methods, such as NHST for hypotheses
rejection(s) and correlation analyses of categorical variables (because the mapping into
computable integers is impossible) is still widespread. Introduction of more recent
distributions (Dirichlet), rigorous applications of Bayesian statistics, dimension reduction
techniques, and clustering algorithms will move the field forward.

The availability of modern devices (wearables) allows for fast, inexpensive and almost
unlimited data collection of metrical variables. Use of online questionnaires allows for both
anonymity and inclusion of samples beyond traditional WEIRD data sets. Online behavior
tracking by the use of cookies introduces a third way of data acquisition which supplies
heretofore unknown accuracy.

Human sexuality research benefits from modern approaches not only by the above
improvements, but encompasses paradigm shifts because of the necessary abandonment of
traditional hypotheses constructs. By merging methodologies adopted from other fields, the
resulting multidisciplinary framework is a decisive feature of the modernization. Insights that
can be gained with vast, multi-dimensional data sets necessitate the adoption of paradigms

that become more comparable to those of modern natural science.



Abstrakt

Jedinou moznosti, jak se vyzkum lidské sexuality stane rigor6znim, v modernim slova smyslu, je
odklon od metod, které jsou znamé svou nespolehlivosti a testovani na nich zalozenych hypotéz.
Pouhé¢ rozsitovani zdrojii novych dat neni feSenim a nemélo by byt povazovano za modernizaci oboru.
Zmeény paradigmat, z nichZz n¢které budou diskutovany v této diserta¢ni praci, modernizuji vyzkum
lidské sexuality.

Je tfeba jinych metod, nez je pouhé porovnavani stimull — ¢asto parovych. Skutecné moderni metody,
jako jsou umélé neuronové sité, nam dovoli odhalit vzajemnou provazanost zkoumanych vlastnosti, na
rozdil od vytvateni hypotéz a priori. S tim, jak se populace stale vice sziva s prostfedim virtualni
reality (VR), s vyuzitim stimuld tvofenymi avatary a pocitacem generovanou grafikou budeme ziejme
pozorovat dal$i neocekavana odhaleni fungovani lidské sexuality. Takova odhaleni jsou nevyhnutelna,
kdyz jedinec jedna podle vlastni touhy se bavit. Prave prolnuti na zdbavu a na vyzkum soustfedéné VR
muze byt dal$im impulzem pro vyzkum sexuality.

Je s podivem, zZe je neustale udrzovana tradice uzivani metod statistické analyzy, které jsou zndmé
svou nespolehlivosti, jako je testovani statistickych hypotéz za ucelem hypotézy zavrhnout a uzivani
korelacni analyzy pro hledani vztahii mezi kategorickymi proménnymi (protoze jejich konverze do
pocitatelnych ¢isel je nemozna). Vyuzivani novejsich distribuci (Dirichlet), rigordzni aplikace
Bayesovské statistiky, technik redukce rozmeéri a klastrovacich algoritmti je to, co vyzkum lidské
sexuality posune vpred.

Dostupnost modernich zatizeni (jako nositelné elektroniky se senzory) z nich déla idealni rychly,
levny a snadny zdroj metrickych dat. Uziti online dotaznikti dovoluje anonymitu a zatazeni vzorki
mimo takzvané WEIRD populace. Sledovanim skute¢ného chovani online pomoci naptiklad
trackovani, tzv. cookies, je pak tfetim zdrojem dat, u kterého (na rozdil od dotaznikl) si mizeme byt
jisti jeho pfesnosti.

Vyzkum lidské sexuality miize zapojenim novych pristupti profitovat. A ne pouze téch, které byly
zminény vyse, ale také zménou paradigmatu a oprosténim se od tradi¢niho testovani hypotéz.

Splyvanim s riznymi dal$imi, zejména technickymi, metodologickymi piistupy a dovolenim vzniku
multidisciplindrniho pfistupu je kli¢ovym faktorem modernizace oboru. Poznatky, které tak bude

mozné ziskat, budou v mnohém srovnatelné s t€mi, které jsou typické pro prirodni veédy.
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1 Introduction: Is There a Human Sexuality Research Paradigm?

The beginning of the genus Homo was at least 2.3, but possibly 2.6 millions of years ago (Villmoare et
al., 2015). The existence of psychological adaptations (as we understand them today) has an
approximately 12-thousand-year history (Symons, 1992). Mating and production of offspring is an
elementary activity of any mobile fauna. The systematic research of human sexual behavior is only
135 years old; it began with Psychopathia sexualis by Richard von Krafft-Ebing (1886).

Initially, and for a long time, the majority of sexuality researchers originated from Europe (among
them Bloch and Hirschfeld). Much later, North America also produced leaders in this field (e.g.,
Kinsey, Masters and Johnson, Freund). Europe and North America, being heavily industrialized and
economically at the forefront, had a very specific cultural environment. This shaped the paradigm of
sexual research to a large degree, notably its orientation towards science (largely natural science), and
towards a systematic approach based on data collection — both metrical and observational — leading
to a large overlap with the medical and biological fields. Human sexuality research was oftentimes
inspired by insights gained from animal research and derived the theories from comparative studies
between humans and other mammals. This resulting large overlap with primarily animal-oriented
studies led to the emergence of ethology and sociobiology (Harlow, Madlafousek, Wilson, Kolarsky,
Phaus).

Historically, this development did not mean that social sciences and therapeutic approaches would not
get involved in the field. It was none one other than Sigmund Freud who rippled the seemingly smooth
waters of approach to a claimed understanding of human sexuality — irrespective of whether this
‘rocking the boat’ was good or bad. Freud certainly inspired many to pursue research topics (and it is
claimed, still does) as we can see in relatively recent examples (Hartmann, 2009). Freud’s field of
work also inspired developmental psychoanalytic Bowlby to further Harlow’s researches on
attachment alongside with Ainsworth to research the emotional side of sexuality; the latter is recently
gaining more and more attention.

These socio-biological, anthropological and psychological approaches have led to the development of
a novel field of study: evolutionary psychology (Tooby, Cosmides). Some branches of sexuality
research today adopted this evolutionary framework. However, there are still many researchers who do
not connect the two fields and to this day only focus on testing hypothesis based on Freud’s
psychoanalysis (Brody & Costa, 2008).

These developments have come to shape the current paradigm from a theoretical point of view. But the
methodology of sexuality research should also be discussed, as it deals with two main sources of
information acquisition about human sexuality. The most typical method of sex research would use
questionnaires, suitably adopted from general psychological research. Typically, they are standardized
questionnaires to allow for comparisons between samples drawn from varied populations. Currently,
for example, there were 22 different standardized questionnaires used for studying sexual addiction

(Karila, et al., 2014).



The invention of questionnaires is sometimes attributed to Galton (Fancher, 2009) who is also
considered one of the founding fathers of psychometrics (Jensen, 1982; Goldstein, 2012). Spearman
introduced factor analysis in 1904. To this very day it has remained one of the evaluation methods of
questionnaire structure. One further analytical tool is Cronbach’s alpha, also still in use despite
mathematicians’ publications showing its uselessness (Sijtsma, 2009). For those who remain oblivious
to the underlying mathematics, all items belonging to one scale or subscale have to score higher than
0.7 (Taber, 2018) — ideally higher, but not too much higher. In this same vein, we can see that the
interrelation between measures mapping similar topics is considered another valued outcome; in the
context of the research presented in this text, it claims to have demonstrated such interrelation for
sexual satisfaction measures (Mark et al., 2014).

There are potentially very many sources of error when the questionnaires are completed by
participants. The designer of the questionnaire has to be aware of these when constructing it,
especially if behavior aspects are to be targeted via the queries (Schwarz & Oyserman, 2001). The
advantage of questionnaires is its ease of data collection; more recently, this has even become easier
due to the existence of online tools for data collection.

A small part of sexuality research is experimental. Therein, one measures, on the one hand,
physiological responses on the peripherals of the tested individuals (e.g., electroencephalography,
galvanic skin response, heath rate variability, temperature, etc.), as well as, on the other hand, internal
ones: the hormonal (typically testosterone) and other biological markers. Even rarer is the use of brain-
scans, such as fMRI. Whenever diagnostic decisions have to be made, these measured metric
responses dominate (Miiller et al., 2014; Murphy, et al., 2015; Knott et al., 2016; Murphy & Fedoroff,
2019; Murphy et al., 2021).

For testing of physiological responses in the context of sexuality research, erotic and pornographic
stimuli are often used, mainly visual (stills) or audiovisual (clips). These are primarily produced by the
commercial pornography industry. The physiological responses have been generally better tested on
males, whose physiological (genital) sexual response is highly concordant their preferences, while
testing females is, to a large degree, less conclusive, because females seem to exhibit a discrepancy
between physiological arousal and preference (Suschinsky et al., 2009). There are recent studies that
show that vaginal lubrication is not a revealing indicator, but a specific type of lubrication is the
decisive factor (Suschinsky et al., 2009). Sexual orientation is one of the predictors of reactivity, again
predominantly in men (Chivers et al., 2007).

The current paradigm of sexuality research can be characterized as mainly acquiescing its foundations
in psychological research, sharing the majority of the methodologies with it. The studies relying on
physiology and biological markers are used as stepping stones when testing hypotheses, but are
invariably accompanied by considerably large numbers of questionnaire evaluations. The tools used
for measurements are improving (better MRI scanners, EEG devices with more electrodes, novel

techniques of arousal measurement — including measurements from a remote field, such as a tear



drop strip). The main aim of the research within the current paradigm is to find relationships
(expressed as correlations) or differences (derived via ANOVA and/or #-tests) between two groups,
two conditions, etc. The paradigm therefore rests on a ritualized form of testing (Gigerenzer, 1998b).
The herein proposed paradigm shift evolves from two developments. On the one hand, the
incorporation of many more laboratory-based measurements (necessitating a shift from how
hypotheses can emerge and be modified with subsequent research) and, on the other hand, a disposal
of fallacious statistical approaches. Novel statistical approaches, most prominently those involving
neural networks, can lead to inferences that need not rely on testing hypotheses, neither novel nor
established. As I document in an extensive piece below, the discovery of more than two clusters of
individuals for the same empirical data collection regimen implies that comparison approaches
(characteristic of many current, ritualized hypotheses) become impossible. At the same time,
developing hypotheses that predict the number of clusters is an artificial intelligence approach.
Modern statistical methods that incorporate metric data generate what can be called an inference-based
paradigm, not one which derives from traditional humanities-based (or humanities-derived)
perceptions of humanness.

In this exposé, | specifically avoid discussions of belief-based and politically-oriented studies. Authors
of gender studies and of feminist advocacy base their paradigms on constructivism-derived
philosophical positions (granted, primarily political philosophy). Many claim these approaches
constitute a paradigm shift of its own. Due to space limitations, I also exclude sexuality research
concerning individuals with non-binary and fluid sexuality. There is just not enough space in this
thesis to take these approaches into account. The proposed paradigm shifts [ document and elaborate
on herein are topics that relate to sexuality of the overwhelming majority of the population. Needless

to say, these paradigm shifts could very well be extendable to other manifestations of human sexuality.



2 Stimuli Standardization for Human Sexuality Research

2.1 Prior: Unsystematic Stimuli Selection

Stimuli used in sex-research are oftentimes pornographic materials that were created as downloadable
commercial products for consumers that were later also chosen by the researchers (Chivers et al.,
2010; Prossinger et al., 2021). The prudency of such an approach is justified because the sex-industry
market is overwhelmingly large and economically very viable. Some basic numbers: one third of all
internet searches are related to pornography; every fourth respondent to studies has pornography
stored in their mobile devices; one third of the internet content is pornographic (Smutny & Sulc,
2018).

In sex research, auditory sexual stimuli are rarely investigated — arguably because the major source of
the arousal for consumers of pornographic materials is visual stimulation (Chivers et al., 2010). Thus,
we rarely find published studies of auditory stimuli, specifically for cases of unusual sexual
preferences, where creation of visual stimuli borders on ethics limiting such research (Miner et al.,
1995; Hawk et al., 2007). Last year, when the impact on psycho-physiological arousal was published,
a comparable impact of audio-visual and solely auditory stimulation was also found (Ramos et al.,
2021).

Nonetheless, there is an important role of the auditory aspect of pornography in audio-visual
production. The auditory component of arousal, namely the roars and screams during orgasms,
remains an understudied topic with a large potential of finding interesting insights. In one of our
studies, we have demonstrated that individuals who watch BDSM pornography are unable to
distinguish between orgasmic-pleasure and pain-induced screams, but are well aware of their high
intensity; perhaps it leads to a super-stimuli response, a mechanism responsible for a change of
preferences and compulsive behavior (Boschetti et al., 2021).

There are also rare cases of olfactory stimuli being involved, rarely in direct sexual responsiveness, but
rather on partner preference — males finding visual and olfactory cues equally important while for
females the olfaction is the single most important information carrier, albeit in a mostly negative
sense. (If the smell is perceived negatively, the rest will not matter.) This female reaction is probably
caused by the major histocompatibility index (Herz & Cahill, 1997). Auditory stimulation was found
to be not as important (Karthikeyan & Locke, 2015), even though it is known to be also linked to
attraction (Saxton et al., 2009; Valentova et al., 2019). Future technologies may bring the possibility of
affecting olfaction; currently, there are attempts but they have not yet yielded satisfactory results.
Sexual stimuli in the form of texts are, of course, also available, and we tested those specifically on
female participants — an approach which is beneficial since explicit visual triggers are avoided and
imagination is given space (Krejcova et al., 2016). If, in the future, augmented reality can be combined

with texts, they may create unique types of stimuli.



Visual (stills) and audio-visual (clips) stimuli are by far the most employed stimuli in human sexuality
research. There exists a long history of discussing how visual stimuli should be created, and it is rarely
well described as a problem of sex-research. It is known that each of the laboratories involved in such
research only uses their proprietary materials and none of the stimuli are made available to others,
justified (in their view, perhaps) by fear of criticisms.

It is known that, generally, women respond well (based on analyses of self-rated responses and on
measures of physiological arousal) to the same materials that men find preferable (Mosher & Maclan,
1994). We should remain aware of a possibly large self-selecting mechanism when we expect female
research participants to enter a sterile, hospital-like room, allow for devices to be connected to their
bodies (one usually inserted into their vagina), because most females would abhor such a situation.
Similar effects may be detected when using online studies (see below a discussion about sampling and
self-selection bias). There is a growing market for so-called female pornography which highlights the
sensual topics and interest in female arousals (Grana, 2002; Mosher & Maclan, 1994). Generally,
women now consume pornographic materials much more often than in the past, and benefit from
doing so in several ways; examples include sexual openness and their improved ability to define their
sexual preferences and needs (Daskalopoulou & Zanette, 2020).

It should not be surprising that one of the key stimuli is the physical attractiveness of the potentially
interesting other. It seems that during human evolution physical attractiveness provided a means to
filter potential partners who are healthy and are able to successfully reproduce (Weeden & Sabini,
2005). However, concepts of physical attractiveness and sexual desire have often been conflated. An
attractive individual may not be de facto sexually desirable or vice versa. Other effects also contribute;
nonverbal behavior is very important, mainly during courtship, and is often responsible for triggering
greater sexual desire.

The difference between physical attractiveness and sexual desire can be compared to the distinction
between liking and wanting. Reward-based behavior comprises three dissociable components;
responses to pleasurable stimuli (liking) are based on prior experience (learning) and are linked to the
motivation to act (wanting; Berridge, 1996). This mechanism has been applied to the appraisal of
sexual stimuli (Janssen et al., 2000); stimulus is affectively assessed before being conveyed to memory
for potential sexual reward; it can then prime attentional resources towards relevant indicators, thus
giving rise to subjective sexual arousal.

Moreover, the majority of research on partner preferences has focused on the details of single
determinants. However, decisions pertaining to partner choice derive from multiple sources (Wells et
al., 2013). Although female face and body attractiveness have been shown to correlate, and it has been
proposed that information from the face and body together provide a more accurate estimate of
phenotypic quality (Thronhill & Grammer, 1999), the face in isolation better predicted long-term

mating preferences, while body perception was more important for evaluating short-term mating



events (Currie & Little, 2009; Confer et al., 2010). This is an important insight to sexual stimuli
creation whenever intending to elicit briefly-lasting sexual response.

Body shape mainly informs about the actual health state of the person; facial appearance may carry
information about long-term partnership features — including personality traits — since facial shape
is a more stable physical feature when compared to body shape (Herman et al., 2009). In the study by
Thornhill & Grammer (1999), the claim was that face and body of a female constitute a single
ornament.

The results of a recent study of a Czech population (Hladky et al., 2017) showed that ratings of female
physical attractiveness and sexual desirability are positively and strongly correlated. Face effects were
greater than physical attractiveness ratings while body effects were greater than ratings of sexual
desire. Hence it was inferred that sexual desire is more directly connected to the short-term
relationship strategy, while physical attractiveness is connected to the long-term relationship strategy.
It was argued that the variance in each model was attributable to the variance of the (numerical)
differences between stimuli and individuals’ specifics. However, the inclusion of rater sex did not
improve either model; there were no apparent differences between the ratings by males and females.
Based on these outcomes, as well as those of other previous studies (Bauser et al., 2011; McKone et
al., 2013; Szatmari & Labadi, 2015) one must conclude that the face and the body do not form a single
ornament as had been suggested previously (Thornhill & Grammer, 1999). While perceiving, these
two areas — the face and the body — are evaluated by different cognitive mechanisms and they
differently impact the overall rating. Furthermore, the two ratings independently predict overall
attractiveness.

The independence of physical attractiveness and sexual desirability is more evidenced when the
movement (nonverbal behavior) is part of the shown context. In addition to context, which is indeed
important in estimation of attractiveness and desire by others, it is always the nonverbal behavior of
women which predicts the outcome of courtship (Beach, 1976; Perper, & Fox, 1980). Therefore, in
physiological measurements of sexual arousal, movements as visual stimuli are more important than
appearance (Binter et al., 2016; Riha et al., 2016).

In one study of a Czech population (Binter et al., 2018), we investigated the ratings by both female
and male raters of women as to their sexual desirability, their physical attractiveness and their non-
verbal behavior in four situations (clothed during an interview, naked during stills, naked during
foreplay, and naked during penetrative sex). The outcome was unexpectedly different for male and
female raters. During stills, foreplay and penetrative sex, ratings were homogeneously high for some
women. The inhomogeneity that we observed for these was only in the ‘clothed’ situation; therein,
males rated them highly, and females did not. We note that non-verbal behavior contributed
negligibly.

The stimuli in real-world images can be messy. Improvements can be achieved by using computer-

generated stimuli. These can be derived from scans of a real human to allow for a higher degree of



realism (Feng et al., 2017). Even though the process of generating the stimuli is yet to meet the
engineer’s dream — fast, of high quality, and inexpensive — several ways are being suggested to
speed up the process (Achenbach et al., 2017).

Another option is to generate avatars (also for VR) that extract and emphasize (perhaps over-enhance)
the important arousal-relevant stimuli, and techniques to efficiently produce them are being reviewed
(Binter et al., 2016).

What is so special about VR? The answer is so-called immersion. Immersion is the degree to which
the user is feeling the sensory fidelity. Stimuli perception is more immersive when VR is used (for
example, when it is made available with a head-mounted display). It is not only immersion but also
presence that is an important measure of subjective psychological response to presence in VR
(Bowman & McMahan, 2007). It is important to highlight that it is not necessarily the aim of the VR
to be photo-realistic.

That VR impacts the physiological responses of the individuals differently can be also objectively
measured; concretely: galvanic skin response (under sympathetic control only and can be activated
both in vivo and in VR environments) and hearth-rate-variability, which is under both sympathetic and
parasympathetic control, and solely activated in vivo (Wilhelm et al., 2005). These responses should
allow for designing safety-fuses for VR environments that would help decease the danger of

psychological damage (Binter at al., 2020).

2.2 Future: Interrelatedness of Stimuli

The current investigation of stimuli, as characterized in the previous section, results in presentation of
studies as to the relative strengths of the stimuli. These studies compare stimuli but do not, as we will
demonstrate shortly when describing the usefulness of Al for stimuli analyses, consider
interrelatedness of stimuli. Comparison of the relative effects of stimuli is not a study of
interrelatedness of stimuli.

If stimuli (we are focusing on those pertaining to sexual desirability) are interrelated, then the concept
of “type’ is useful (Stérbova et al., 2019). The concept deals with real-world effects, such as in long-
term partnerships, yet it is not unreasonable to extend this ‘type’ concept to ‘types’ of porn actors and
actresses. The reactions by the sex industry to market preferences is, as always, a very reliable field
study about stimuli pertaining to human sexuality. Types and type preferences are reflected in
frequencies of sold porn videos and downloaded porn clips. The offerings are subdivided into
categories such as hair color, race (primarily skin pigmentation), body type (skinny, obese, puerile, ...)
and so on. The categories on offer are not, please note, solely restricted to the types of sexual activities
(or combinations thereof) shown. The ‘type’ categories in the for-sale market are thus a very reliable
— and non-controversial — indicator as to the existence human sexuality related stimuli.
Interestingly, such mechanisms were discovered prior to the advent of porn movies and porn clips: in

so-called ‘sex magazines’, among which Playboy and Hustler are probably the best known. Their



varying the types of women displayed in the centerfold from issue to issue indicated variations in
preferences (Regan, 2021).

Computer-generated stimuli allow for the variation and accommodation of all pertinent stimuli, be it
hair, race, body type, age, presence or absence of pubic hair. Whenever age categories are taken into
account, the presence or lack of pubic hair becomes very important — a first indication that stimuli are
interrelated. Those programming pornography for the virtual reality market must, almost by definition,
include interrelatedness of stimuli when producing computer-generated characters (Renaud et al.,
2014). Saleable products are therefore not solely successful because of the effective 3D background,
or the plot, but also the interrelatedness of stimuli reflecting consumer preferences. As a consequence,
researching the interrelatedness of stimuli in the porn industry market is a promising endeavor.

Neural network methods are the most fitting purview for interrelatedness analysis. The paradigm shift
from analyzing human responses to sexuality-pertinent stimuli to responses based on their
interrelatedness is a goal I claim needs to be pursued. Neural networks can and do find interrelations
(see details in Section3.2) that humans cannot. The fear of a ‘black box’ scenario is, however,
unwarranted. There exists a suite of statistical analyses methods that reveal the interrelatedness in an
informative way — without requiring the investigator to numerically reproduce the weightings in
some external manner (for most recent insights, see, Hernandez et al., 2022).

I present an example that illustrates how multidisciplinary approaches can produce a paradigm shift in
human sexuality research in the case of visual stimuli. Consider the problem of whether the
appearance of women posing naked in a photo studio, hoping to be cast as a participant in a porn
video. It is clear that the director of the video cannot choose women that he/she finds sexually
arousing, because then he/she is guessing how arousing the hired woman would be for prospective
buyers of the video. One set of stimuli generate saliences — regions of the image where texture is
pronouncedly different from the surrounding pixels. There exist three algorithms (called Itti
algorithms; Itti & Koch, 2001) that can detect such regions; these are called saliences. Not only do
these saliences vary from female to female, but they can be altered by the female with suitable
interventions (such as shaving off pubic hair, having tattoos, wearing bejeweled piercings, and so on)
and these regions vary in their effect of sexually arousing the onlooker. The crucial point is that the
regions can vary among females that have the same sexually arousing effect on a subset of all potential
consumers of the video.

In the context of human sexuality research, a rather radical departure from established project
methodology is precipitated. Why? Because the Itti algorithms involve neural networks. Neural
networks perform independently of the user in the sense that a user cannot control the weightings of
the edges between the nodes and thus cannot control the output. A traditional human sexuality
researcher may postulate the arousal effect of, say, tattoos; but the effect is not discoverable in this
way, because the tattoos interplay with the other saliences of the naked woman’s image — and the

interplay not only varies from woman to woman but also varies from viewer to viewer.






3 Statistical Method Advances for Human Sexuality Research

3.1 Prior: Fallacious Methods and Limitations of Current Methods

3.1.1 Fallacious NHST: Null Hypothesis Significance Testing

The Neyman-Pearson statistical approach to quantitative data analysis is based on null hypothesis (or
significance) testing (NHST). NHST has been the most prevalent method of testing in the last 70 years
in all fields of social sciences and is — sadly — still ubiquitous. The criticism and rejection of this
‘method’ appeared within a few years of its presentation (Nickerson, 2000). Sadly, the rejection of its
rejection had political overtones (Fisher versus Neyman, who was a Polish Jew) and was based on not
realizing that hypotheses purportedly being tested were conditional probabilities (specifically:
probabilities of the data, given the hypotheses) and not probabilities of a hypotheses (which are
Bayesian probabilities).
The null hypothesis itself has been defined in various ways (all of which are fallacious):
1. The residual hypothesis that cannot be rejected unless the test statistic used in the hypothesis
testing problem lies in the critical region for a given significance level (Carver, 1978, p. 242).
2. ... in particular, especially in psychology, the hypothesis that certain observed data are a
merely random occurrence. (Borowski & Borwein, 1991)
3. A particular hypothesis under test, as distinct from the alternative hypotheses, which are
under consideration. (Kendall & Buckland, 1957)
4. ... the logical contradictory of the hypothesis that one seeks to test. If the null hypothesis can
be proved false, its contradictory is thereby proved true. (English & English, 1958)
5. Symbolically, we shall use Hy for whatever hypothesis we shall want to test and Hx for the
alternative hypothesis. (Freund, 1962)
6. Except in cases of multistage or sequential tests, the acceptance of Hj is equivalent to the
rejection of Ha, and vice versa. (Carver, 1978)
7. The null hypothesis states that the experimental group and the control group are not different
with respect to [a specified property of interest] and that any difference found between their means is
due to sampling fluctuation. (Carver, 1978)
According to its designers, the purpose of presenting a null hypothesis is to test, based on level of
significance, the presence or lack of support, typically between two samples drawn at random (e.g., in
case of a #-test the difference between the means of the two samples). The confidence level (almost
exclusively labeled o) is supposed to provide us with a criterion on which we base our rejection of the
null hypotheses; the criterion is whether, when p < «, then the result is statistically significant at level
a.
Continuing with this saga of fallaciousness: The outcome is then twofold. Either p < a (then Hy is to be
rejected) or it is not (in which case there is insufficient evidence for the null hypothesis to be rejected)
(Gill, 1999; Krueger, 2001). The following is a bizarre summary of the NHST paradigm (Carver, 1978):
There are two ways to be right: rejecting the null hypothesis when it is false (when the samples

were drawn from different populations) and failing to reject it when it is true (when the samples were
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drawn from the same population). There are also two ways to be wrong: rejecting the null hypothesis
when it is true and failing to reject it when it is false. The first of these two ways to be wrong is
usually referred to as a Type I error, and the second as a Type II error, after Neyman and Pearson
(Neyman & Pearson 1933a).
By definition, a Type I error can be made only when the null hypothesis is true. The value of p
that is obtained as the result of NHST is the probability of a Type I error on the assumption that the
null hypothesis is true.
The unconditional probability of the occurrence of a Type I error is the product of and the
probability that the null hypothesis is true. Failure to make this distinction between the probability of
a Type I error conditional on the null being true and the unconditional probability of a Type I error
has been the basis of some confusion, which I discuss further below. Similarly, by definition, a Type
II error can be made only when the null hypothesis is false. The probability of occurrence of a Type 11
error—when the null hypothesis is false—is usually referred to as B (Greek letter beta). The
unconditional probability of occurrence of a Type II error is the product of B and the probability that
the null hypothesis is false, p is generally assumed to be larger than p but not known precisely.
Closely related to the concept of statistical significance is that of power (Chase & Tucker, 1976;
Cohen, 1977; Rossi, 1990), which is defined as (1 — ). Power is the probability of rejecting the null
hypothesis conditional on its being false, that is, the probability of detecting an effect given that there
is one, or the probability of accepting the alternative hypothesis conditional on its being true. It is
possible to compute power to detect an effect of a hypothesized size, and this is what is typically
done: One determines the probability that a specified sample size would yield significance at a
specified alpha level given an effect of a hypothesized magnitude.
The danger of the adopting the fallacy is greater for certain fields than it is for others. One of the most
affected one is, according to Gigerenzer (Gigerenzer, 1998a), psychology. Here it is important to
highlight the fact that psychology (and the majority of current sexuality research relies heavily on the
psychological approach to hypothesis creation and testing) has multiple items prone to the misuse of
NHST. First, the test where @ = .05 implies a greater tolerance to failing to reject the null hypothesis
when it is false (Rindskopf, 1997).
Gerd Gigerenzer (a German statistician at the Max Planck Institute of Human Development, and a

highly vocal propagator of the fallacious use of NHST) extends the critique beyond its fallaciousness

to its ritualized use:
“Null hypothesis testing provides researchers with no incentive to specify either their own research
hypotheses or competing hypotheses. The ritual is to test one's unspecified hypothesis against
“chance,” that is, against the null hypothesis that postulates “no difference between the means of two
populations” or “zero correlation.” (Gigerenzer, 1998a, p. 200).

Cohen (1994) went even further and described the situation in following words:
“[The NHST] has not only failed to support and advance psychology as a science but also has seriously
impeded it.” (p. 997).

Schmidt and Hunter (1997) went even further than Carver and stated that:
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“Statistical significance testing retards the growth of scientific knowledge; it never makes a positive

contribution.” (p. 37).

3.1.2 Questionnaire studies
Self-administered questionnaires and surveys are frequently used methods for collecting data
concerning individuals’ perceptions. A questionnaire consists of a set of fixed queries developed by a
researcher concerning some specific topic or research theme. Open-ended questions, on the other
hand, are used in qualitative research. Types of (administered) questionnaires can be further
subdivided according to the format in which the responses are offered: multiple choice, Likert scale
rating, and ranking queries. The quantitative data collected through questionnaires and surveys are
analysed with regard to the types of answers collected (and, in the preliminary bean-counting phase,
the frequencies of the responses to a given query). Through the use of online questionnaires and a
careful sampling process, it is possible to collect vast data sets, possibly representative of the general
population, or of a specific community underrepresented in the general population; the latter is
important when investigating some specific sexual behaviour or paraphilia (Mustanski, 2001).
Collecting data through internet-available questionnaires offers an economic advantage (as well as
being less time-consuming). The quality of the data may be impacted, however; this happens when
large surveys with many queries impact attention and motivation by overwhelming the participants
(Fenton, 2001). The lack of control over when and how the questionnaire is to be completed, together
with the impossibility of the researcher supplying further explanations when needed (because he/she is
not present during the questionnaire administration), highlight the importance of carefully selecting
the words used and the instructions supplied.
There are three major problems relating to the current use of questionnaires. Typically, questionnaire
standardization was achieved by computing and interpreting Cronbach’s alpha. However, Cronbach’s
alpha never achieves what it was designed for (Sijtsma, 2009).
In the case of Likert scale type responses, statisticians pointed out more than 60 years ago one grave
error of using Cronbach’s alpha for ordinal variables; the following quote from Blalock’s book Social
Statistics (Blalock, 1960) well demonstrates the problem:

“It should be pointed out that numbers may be arbitrarily associated with each category, but this fact

in no way justifies the use of the usual arithmetic operations on these numbers. The function of

numbers in this case is exactly the same as that of names, i.e., the labeling of categories. It would

obviously make absolutely no sense to add social security numbers or room numbers in a hotel.

Although we would never be tempted to carry out such a ridiculous operation, there are other

instances in social science research where the absurdity is by no means as obvious.” (p. 13).
By far the most standardized questionnaires supply ordinal responses (ordinal responses are also
nominal responses). Typical examples are scaled (for example, degree of agreement on 5-point Likert-
type scale, perceived degree of sexual attractiveness exhibited by supplied images, etc.) The table
below shows a 5-point version of SOI-R (Penke & Asendorpf, 2008), in which the responses are coded

in following manner:
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Ordinal Categories  Response In Sub- Scale

Behavior Attitude Desire
A .

Zero Strongly disagree Never
B .

One Disagree Very seldom
C

Two to three Neutral About once a month
D

Four to seven Agree About once a day
E .

Eight or more Strongly agree Nearly every day

Table A selection of 5-point responses to a SOI-R questionnaire

The further problem when using Cronbach’s alpha is that the computed numerical value does not test
internal consistency — even though it often advertised as doing so (Taber, 2018).

The inherent problem of questionnaire evaluation arises when proceeding to compute indexes. In the
erroneous method, after each individual has provided his/her responses, an index is calculated by first
mapping the responses into cardinal integers (this is what Blalock describes as ridiculous) and then
adding these or computing an average.

For example, if the query offers a 7-point Likert scale, and a linear mapping into cardinal integers is
used, then a computed index is contained in the discrete set of integers between 1 and 7, inclusive. If
there are several queries — five, say —, each with a 7-point response scale, the traditional mapping
will generate a set of cardinal integers with elements between 5 and 35. Implied in such a calculation
is, furthermore, the (highly questionable) assumption of equal weighting of each query.

To be concrete: the score (or index) of 26, say, as the sum of the responses to seven questions (each

response on a 7-point scale) can be achieved by scoring2 +3+4+5+4+4+4=260r2+7+
4+1+4+1+7 =26, and many, many more; in total, there are % x 72 x 7! = 123480 possible

combinations that yield the sum 26. This multiplicity issue becomes even more evident when only one
response is extreme (e.g., 1+1+1+14+14+14+7=11versus1+7+14+1+14+1+1=11).
Even though the total score for both these cases is the same (11), it is not difficult to argue that the
response sets {1,1,1,1,1,1,7} and {1,7,1,1,1,1,1} are very different.

It is also not uncommon for subscales to be used (branching options). This makes any kind of

traditional data analysis impossible and inferences dubious.
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3.2 Future: Bayesian Statistics and Neural Network Methodology

3.2.1 Bayes Theorem
Knowledge of Bayes Theorem makes the fallacy inherent in NHST manifest: Given a hypothesis H

(do not call it the ‘null hypothesis’, because there is nothing special about it) and a data set D. Bayes
Theorem relates two conditional probabilities (namely: P(D|H) ... the probability of observing the
data, given the hypothesis, and P(H|D) ... the probability of the hypothesis, given the data) with two
probabilities (P(D) ... the probability of observing the data and P () ... the probability of the
hypothesis being true). Bayes Theorem states that

P(HID) x P(D) = P(DIH) x P(H).
(The multiplication signs have been added in order to enhance readability).

The quantity P(D|H) is the hypothesis used in NHST. It is not P(H). Rewriting Bayes Theorem:

P(DIH)
P(HID) = X P
(HID) = ~5 55~ % PCH)
makes the fallacy in the NHST formalism manifest. The NHST fallacy assumes that the factor P}()I(>[I)¢)O

is 1 (and it isn’t; the mistake of setting this fraction equal to 1 is known as the Prosecutor’s Fallacy —
so named because it is the basis of many erroneous verdicts occurring in court proceedings when
Bayes Theorem is not or is incorrectly applied). I note that Bayes Theorem shows that P(H) (the
probability of a hypothesis being true/valid) cannot be tested with an experiment, as it does not contain
any information that can be gathered from an experiment (because the data set does not appear in the
mathematical expression).

I also want to point out that Bayes Theorem is a theorem in mathematics (as are, for example, the
Pythagorean Theorem, Fermat’s Last Theorem, the Four-Color Theorem, or the Fundamental Theorem
of Algebra). Bayes Theorem is valid in many branches of data analyses — even ‘outside’ Bayesian
statistics.

Bayesian statistics relies on Bayes Theorem (as do all other paradigms in statistics), but Bayesian
statistics deals with conditional probabilities when data has been collected/obtained. Its advantage (see
below) over statistics using the Laplace paradigm is its usefulness even for small data sets (which

cannot be dealt with within the confines of the Laplace paradigm).
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3.2.2 Prosecutor’s Fallacy

A celebrated and pernicious example of how the Prosecutor’s Fallacy can lead to a miscarriage of
justice is the case of the solicitor Sally Clark, whose two sons died shortly after their births (in 1996
and 1998, respectively) while they were sleeping in their crib. According to the defense, the boys died
of SIDS (Sudden Instant Death Syndrome, popularly known as ‘Cot Death’); according to the
prosecution, on the other hand, Sally had murdered her two sons. The prosecution named the
pediatrician Sir Roy Meadow as an expert (observe that he was not a statistician); he subsequently
calculated the probability that the sons died of SIDS as 1 in 72250000 = 850072 (1 in 8500 was the
estimated probability of SIDS of one child at the time of the trial). Despite the numerous other flaws in
this calculation (constant probability for two subsequent events, independence of events, etc.), the
main one we are concerned with here is the violation of Bayes Theorem. Sir Roy had calculated

P (DIH), the probability of observing two cot deaths, given the hypothesis that SIDS occurs 1 in 8500.
He did not calculate the probability P(H|D), the probability of the hypothesis being valid, given the
two observed cot deaths. Bayes Theorem requires him to calculate the denominator in Bayes Theorem,
which would be obtained by integrating over all probabilities of all (competing) hypotheses.

Based on the dramatically low probability presented by Sir Roy (and accepted by the judge and the
jurors), Sally Clark was convicted of murder. The case was well covered by the press and professional
statisticians were very upset. The President of the Royal Society of Statisticians wrote to the Lord
Chancellor that there had been a miscarriage of justice; the reason being that Sir Roy was not a
statistician and he was not the expert the prosecution claimed him to be — and that his calculations
were incorrect, and that he violated Bayes Theorem in his presentation during the trial. After
considerable delay(s), a retrial took place, in which Sally Clark was acquitted. Sadly, she was not
acquitted because of the Prosecutor’s Fallacy having been committed. Also sad: Sally Clark’s death
was brought on by the psychological problems incurred by her three-year-long imprisonment and
subsequent alcohol poisoning due to heavy drinking.

Arguably, any researcher using NHST has blood on his/her hands.

3.2.3 Bayesian probability

As pointed out in Bayes Theorem, probability calculations in Bayesian statistics become technically
quite involved.

Bayes Theorem, written in in a way so as to be convenient for statistical analysis is:

P(HD) = 2O p(gyp).

P(D)

We note that many hypotheses (actually: all hypotheses) must be used to calculate P(H|D); more
specifically, this expression (the probability of a hypothesis, given the data) must be calculated for
every competing hypothesis. The most difficult computation involves the denominator in Bayes
Theorem: P(D) = [ P(DIH)dH, in which the integral is over the domains of all hypotheses. (In one
introductory Bayesian statistics text, the author (Lambert, 2018) uses the phrase “The devil is in the

denominator.”) As Bayesian statistics has become a method of choice for many challenging problems,
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a vast literature exists on how to use Bayes Theorem as well as how to calculate this integral (the most
often methods used are: Random Walk, Metropolis, Gibbs Sampling, and Hamiltonian Monte Carlo).
This text does not intend to present a crash course in Bayesian statistics (such a course doesn’t exist).
So I adopt the following approach. I present an example of how Bayesian statistics is used in a
straightforward problem, which — it turns out — is very useful for the psychology research I will be
presenting.

In Bayesian statistics, probability is a random variable. (In the Laplace paradigm, probability is a

i.e. as the sample size N, approaches

Nfavorable)
Naj—o

number — the limit of a ratio Pyapjace — ( Nan
infinity.)
Consider a game of football (soccer in USA parlance). The challenge is: what is the probability that
the winning team was successful due to chance? The teams are Team A and Team B. If Team A scores
a goal, the probability is s; if Team B scores a goal, the probability is (1 — s). Note that, in both cases,
0 < s <1 and therefore 1 = (1 —s) = 0.
If team A scores 3 goals, then the probability is s3. If Team B scores 2 goals, then its probability is
(1 — s)?. The likelihood function (of the probability s) is

L(s) = constant x s3 x (1 — 5)?
The constant normalizes the likelihood function: 1 = fol L(s)ds. (In this case, constant = 3600)

A Bayesian Likelihood Function with further properties
L)
20f
15f

1.0p

05

mode = 0.600

The graph of the likelihood function of the example (Team A wins against Team B with a score 3:2).
s is the probability of success of Team A; the ML (most likely) probability that Team A has won is
0.600. Note that, in Bayesian Statistics, any probability of success can have occurred. The shaded

11

5~
0.34375 .... This means that the probability that Team A was the winner of the match due to chance

1
area under the likelihood curve is the probability that s < % (numerically, fOE L(s)ds =

is (roughly) i— not a very small probability. Fans of Team A will not be too happy with this
Bayesian insight. However, when thinking about the match and the data, a total of 5 goals is not very
decisive; so — arguably — Team A was quite fortunate. The graph also shows that statistically
rigorous statements for small sample sizes can be made — when using Bayesian Statistics.
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How does this relate to Bayes Theorem? If I rewrite Bayes Theorem in the following way:
P(HID) = evidence X P(H)
then it is obvious that the data has updated the probability of H. For this reason, a useful rewrite of the
formula is:
Pyost = P(HID) = evidence X Ppyyior
where Py = P(H) is called the prior (of the hypothesis; i.e. before collecting any data/evidence)

and Pp,s¢ = P(HID) is the posterior (i.e., the conditional probability of 4 after data has been

collected). Note the many mistakes that are made by users of NHST because their fallacious approach
ignores these many mathematical truisms.

After additional data has been collected, the posterior probability becomes the prior probability for a

further refinement of the likelihood function of the conditional probability of H.

Consider, again, the football match. If Team A scores a further two goals, then:

Ppost = P(HIDscore=s:2) = constant x (1 —s)* x s°
as I have used in the graph below. A word of caution: the constant in the above equations changes
whenever a further goal has been scored. That doesn’t matter, because I can integrate to find the
normalizing constant after having collected all the data.
The graph below shows the change in Bayesian probability (both the curve of the likelihood function

and the value of the maximum likelihood).

A Bayesian Likelihood Function with further properties
L)

2.5pF
2.0F
1.5F

1.0

0.2 0.4 + 0.6 0.8 1.0
1
2

mode = 0.714

I note that the ML probability has shifted to sp;;, = 0.714 ... (a respectable probability). More
important for the analyst of the football match (and for the fans of Team A) is the change in
probability that Team A was the winner due to chance. The shaded area is now 14.4%. Team A is the
decisive winner, although the probability of this event being due to chance is still not significant at the
5% level. The 5% significance level is something of a religious creed (Gigerenzer, 1998b); In

Bayesian statistics, one need not specify a significance level; one simply compares these probabilities

17



due to chance for different data sets. In the football match of this example, the probability of the win
by Team A due to chance decreased from 34% to 14%, and the ML probability of the win by Team A
shifted from 0.600 to 0.714. Fans of Team A can be jubilant about Team A’s performance! Note that
the shift in the probability of the evidence (the data set) can be dealt with at any sample size; one
observes that the reliability of the observation not being due to chance increases with increasing
sample size. The probability calculated in the Laplace paradigm is hopelessly below any reliability for
such a small sample size (shift from N = 5 to N = 7) — and therefore not allowed.

There is another benefit, of using Bayesian statistics to calculate the probability due to chance.
Consider rolling an icosahedral die (a Platonic solid with twenty equilateral triangles as faces). The
probability (in the Laplace paradigm) of observing any face is 5%. Therefore, in the religious zeal of
adhering to the significance level of 5%, any throw of the die is significant — a clearly ridiculous
interpretation of the (single!) observation.

A further limitation of the Laplace paradigm is apparent when the cardinality of the event space is
huge. Consider a draw in Lotto. The chance of correctly drawing 6 correct numbers out of 45 (in

Austria) or out of 49 (Germany) is

49!

45! -
= 8145060 (Austria) and 61(49—0)!

61(45—6)!

= 13983816 (Germany)

If one wants to determine whether the mechanism that produces the winning sample of 6 is fair via the
Laplace paradigm, then one would need to repeatedly produce a drawing of a number. Even for a
rough guess of checking the reliability (fairness) of the drawing mechanism, one would have to
produce way beyond 81450600 (more than 80 million) repeats — a coverage of only a factor 10,
please note. Not only is such an approach of checking for the fairness of the mechanism impossible,
due to lack of time; but also the mechanism cannot mechanically stay reliable for so many repeats —
the balls would become seriously deformed, eroded, etc. as would the transparent sphere holding all
balls. In other words: the fairness is no longer guaranteed, and so the repeats are not the same in the
sense of sampling from a statistical population. The very important conclusion for psychology and
related fields is: it is impossible to ensure repeats from the same statistical population (many

observations in psychology have a very small number of repeats).

3.2.4 Bayesian Likelihoods for more than a binary outcome
Consider a data collection scenario, in which more than a binary outcome is possible. A binary
outcome is, for example, biological sex (s for chromosome spectrum XX, say and (1 — s) for
chromosome spectrum XY). If, as in one data collection scenario, there are 3 outcomes, such as
“agree”, “neutral”, and “disagree”, then one can simply generalize the Bayesian statistics analysis. We
have 3 probabilities: sq, S5, and s3 = (1 — (51 + 52)) and we observe n,, n,, and n; outcomes The
likelihood function is then

(ny + ny + n3 + 3)!

L= L0525 = G DG, + DG + DI

Mg, M2g,Ms
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This likelihood function is a somewhat unusual way of writing the pdf (probability density function) of
the Dirichlet distribution with three parameters and three random variables.
This limitation to 3 probabilities is, of course, only for presentation reasons. A graph of this likelihood
surface will be presented below.
If a data analysis includes a query with 7 responses on a Likert scale, say, then the Bayesian likelihood
function becomes

(ny+ny+-+n,+7)!
(i + DIy + Dy + D1
I note that the likelihood function (and the pdf of the Dirichlet distribution) has no limit to the number

L= L(Sl, S2, "',57) =

n152n2 S7n7

of responses that can be collected — as long as the number of options is finite!
Technical note (which will be important in the discussion of Neural Networks): The pdf of the
Dirichlet distribution does not require the parameters to be (cardinal) integers — they can be non-
integer real numbers. In general, for n responses,

Iy + -+ ay)
F(a) X X T(ay) !

pdf(Dir(ali Tty an)l S1,°0, Sn) =

In this formula, I have inserted the X symbol to improve readability.
The graph below shows an example of the likelihood function of a Dirichlet distribution for three

variables. The details that produced this graph are in the figure caption.

19



Fear PIC both Tasks

0 010 0.20 030 040 050 060 0.70 080 090 1.00

T T T 1 T T T T T T
1.00 - 1.00
Females Rating
0.90 - 0.90
Actors ¢
0.80 B*° = 0.80
0.70 = 0.70
0.60 & -0.60
wn
P
L >
0.50 & =050
=
o
£
0.40 § - 0.40
0.30 - 0.30
0.20 - 0.20
0.10 - 0.10
0 -0
mogde, = 0.0598
v A
| 1 1 1 1 1 1 1 1 1

0 010 0.20 030 040 050 060 070 080 090 1.00

Figure A contour plot of the likelihood surface of a Dirichlet distribution. The Dirichlet distribution
is based on three variables, hence its likelihood surface can be rendered in a 2D graph. The data set is
the rating of five actors, each expressing fear visually (hence ‘PIC’) twice (hence ‘both’), by 532
females. s4 is the (Bayesian) probability that fear is being confused with the expression of pleasure,
sc is the (Bayesian) probability that fear is being expressed, and sy is the Bayesian probability that
neither fear nor pleasure is being expressed in the faces of the actors. Note that the sample size of
female raters is large, but the number of facial expressions is small. The contour lines are in steps of
ﬁ of the maximum likelihood, purple is lowest, red is highest. The data points are small dots with a
white center, the mode of the likelihood function is the large dot (with a white center). We observe,
for this data set, that females are not likely to rate the actors as expressing pleasure, but the likelihood
of the actors expressing fear is 52.4% — not a very convincing expression of fear in the perception of
the 532 females. The likelihood surface is defined only over the rendered triangle, because, since

sg = (1= (s4 +5¢)), it follows that, for sz = 0,0 = (1 — (54 + s¢)) or s¢ = 1 — s,, which is the
equation of a straight line with slope —1 and intercepts ((1)) and (2) Therefore, the likelihood

function, defined by the three conditions 0 < s, < 1,0 < sz < 1,and 0 < s, < 1, can only be
rendered in the (colored) triangle.

3.2.5 Outliers, Noise, and the Curse of Dimensionality

Every time data is processed, there is some amount of information gained (signal) and there is a
fraction of noise (Zhu & Wu, 2004; Aggarwal, 2013). Data collected from the real world not only have
flaws, mistakes and corruptions (abnormalities, discordants, deviants, anomalies, mistakes, etc.); there

is also a noise contribution that cannot be attributed to a descriptive source. The noise contribution is a
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consequence of the 2" Law of Thermodynamics — noise is due to the fact that the entropy of a system
cannot be zero (Boltzmann, 1877). A typical ritual employed to deal with such noise by disciples of
the NHST fallacy is to remove outliers and fill in missing data with the mean or the median of the
collected data (Kwak & Kim, 2017).

In the fallacious NHST paradigm, outliers are often used to check the quality of the data and control
for unexpected events (Barnett & Lewis, 1984). The main reason is that, in most cases when NHST is
used, it is applied to a comparison of means. Means are very sensitive to outliers (Yang & Berdine,
2016). The underlying problem is that this approach assumes the data is drawn from a statistical
population that is normally distributed. Numerous authors (see, for example, MacKay, 2015) have
pointed out that real world data is hardly ever normally distributed.

The missing data issue is also an important part of data handling in case of NHST testing because
missing data reduce the statistical power and complicate drawing a statistical inference (Kwak & Kim,
2017). I note that the formulae for statistical power rely on the assumption of a normally distributed
statistical population from which the data has been drawn. Whenever the statistical population from
which the data has been drawn in non-normally distributed, power calculations are void of validity.
Bayesian methodology is immune to this issue, because, for one, there are techniques based on random
number use, concretely MCMC (Markov Chain Monte Carlo), and secondly, there are other inference
methods (Murphy, 2012) that rely on the distribution of the data available. MCMC is a method that
allows for sufficiently reliable inferring of missing values because these have been obtained from

posterior distributions.
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3.2.6 Use of Feature Vectors as Codes

The mapping of test scores into vectors has for a long time been known as the way to do away with the
fallacy (Murphy, 2012). Different test scores differ by which component of a response vector is
nonzero (only one!); the response vectors are then linearly independent; this algorithm is called ‘one
hot encoding’. Because these vectors with different nonzero components are orthogonal, no linear
combinations of response vectors can be used to construct a further response vector (and therefore no
indices can be computed). If there are 4 possible responses (for ease of explanation) to a query, then
the mapping A, B, C, D into the linearly independent vectors (100 0),(0100),(0010),(0001)
does not allow linear dependency. One-hot encoding is therefore used extensively in the statistical
analysis of categorical variables, especially when applying Al (artificial intelligence) methods,
discussed further below.

The feature vectors obtained by a concatenation of the test score vectors have a (very) high dimension,
so a conventional analysis using SEM or some other model will be invalid because of the ‘curse of
dimensionality’. The ‘curse of dimensionality’ occurs because, as sample sizes increase and, as the
number of variables increases, the variance increases. (Variances are additive, and they are squares of
scores, so the total variance can never decrease.) In the real world of field work, such as questionnaire
administration and response analysis, noise due to the larger variance buries the signal, unless methods
I present below are employed to recover the signal that I, the human sexuality researcher, am
interested in.

Components for each participant’s feature vectors are not linearly independent, and the feature vectors
of all participants have (nonlinear) interdependencies among one another as well. It is these two

interdependencies we are interested in.

3.2.7 Neural Networks

Neural networks derive their name from computer programmers and algorithm developers’ initial
attempts to reproduce the cognitive behavior of brains. The data consists of vectors — one for each
data point in the sample, and each component of these vectors is inputted into a node (historically
called the neuron) of the input layer. Each input neuron/node outputs a signal to every node of the next
layer. The strength of the output can (and usually does) vary from node to node of the next layer. Each

node of the next layer then outputs its signal to every node of a further layer.
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Figure: An example of a very simple neural network. This network consists of three layers, with the
nodes colored in light blue, yellow and light purple. There are seven nodes of the first layer, five nodes
in the hidden layer and four nodes in the output layer. The seven inputs are represented by seven blue
arrows; the four outputs are represented by 4 magenta arrows. Each node of one layer is connected with
every node of the next layer. The connections between the nodes (called edges) have weights. These
weights multiply the output of a node with some number, which is then the input of the node in the
next layer. There are 7 X 5 = 35 connections between the input layer and the hidden layer; there are
5 X 4 = 20 connections between the nodes of the hidden layer and the output layer. The neural network
algorithm optimizes the weights of the edges.

Comments: a) The number of nodes in the input layer equals the number of components of the feature
vector. b) The number of nodes in the second layer is chosen by the programmer designing the neural
network. ¢) The number of layers in the neural network is chosen by the programmer designing the
neural network. d) The number of nodes of the last layers (the output layer) is determined by the
analysis desired by the user of the neural network. (For example, if the input feature vector has 102
components — in the real world of neural network applications nowhere near an unusually large
number of components — and the strategy is to overcome the curse of dimensionality by using the
neural network to dimension-reduce, then the output layer will have the number of nodes equal to the
dimensions of the dimension-reduced feature vectors.) ) Neural networks can (and practically always
do) output signals that are nonlinearly related to the input signal. There exist many options on how to
do this; most often the output is then multiplied by sigmoid function. f) The neural network is trained

by computationally adjusting the weights of the connections between nodes.
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Figure: An graph of a very simple autoencoder. This neural network consists of five layers, colored in
light blue, yellow, orange, yellow and light blue. There are seven nodes in the first layer and in the last
layer, five nodes in two hidden layers and four nodes in the middle (also hidden) layer. The seven
inputs are represented by seven blue arrows; the outputs by blue dashed arrows. The autoencoder
attempts to generate an output that is as close (usually in a least-squares sense) as possible to the input.
The encoding in the orange layer is then a mapping into a dimension-reduced space (here: from 7D to
4D).

For the example of analyzing the responses of the SOI and BIS/BAS questionnaire: We generate
dimension-reduced feature vectors by using a multi-layered neural network (specifically: an auto-
encoder with seven layers). For all combinations of SOI and BIS/BAS, we dimension reduce to 2D
and to 3D. For all SOI-R and BIS/BAS combinations: (a) We search for clusters in the dimension-
reduced feature vector space, using the unsupervised Spectral and DBSCAN algorithms. We thus have
4 cluster spectra for each combination. (b) We maximize size of clusters by choosing membership
probabilities above 20% in the clusters of each combination. (c) We “backtrack” for positions of

cluster membership to feature vector positions. (d) We construct heat maps of the chosen clusters.

3.2.8 Clustering Dimension-Reduced Feature Vectors

Dimension-reduced feature vectors are points in the dimension-reduced feature vector space. In
psychology research and, in particular, in human sexuality research, these points are not uniformly
distributed in this space.

The task is to then find clusters of these points based on some criterion (usually nearness). There are
many clustering algorithms that have been developed over the years (an incomplete list includes: K-
means, K-medoid, agglomerating, DBSCAN, Jarvis-Patrick, spanning tree, Gaussian mixture, spectral,
mean shift, neighborhood contraction). For each cluster detected by the clustering algorithm, a heat
map is constructed. The comparison of the heat maps then offers insights into the mechanisms that

generate the clustering of the data set.
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3.3 Exemplary Exposition: CGN

In the following example, we search for Gender Nonconformity of Italian Women who responded to 7
queries in a questionnaire. | emphasize that the analysis of the data set (the many responses)
demonstrates how my research team generated one-hot encoded vectors, dimension-reduced the
concatenated feature vectors and then used KDE (Kernel Density Estimation) using a algorithmically
optimized Parzen window to find clusters.

One outcome (“discovery”) is the presence of 4 clusters. The heat maps show the degree of similarity

in the responses of women in each of the clusters.
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Abstract

There exists an ongoing debate concerning gender nonconforming (GNC) behavior in childhood. Most
research has been focusing on samples of sexually non-typical individuals. We, on the other hand,
analyze the responses by 357 young post-puberty females from northern Italy to the queries of the
Childhood Gender Nonconformity questionnaire, irrespective of the females’ typicality status.
Furthermore, the sampled individuals are demographically homogeneous regarding religiosity,
religious practice, degree of urbanization and education level. Their response scores are realizations of
categorical variables, so the conventional linear mapping of ordinal integers into cardinal (computable)
integers is fallacious and therefore cannot deliver statistically rigorous results. We overcome this
fallacy of linear mapping by using a suite of Artificial Intelligence algorithms after constructing
feature vectors by one-hot-encoding the response category scores of each participant: (a) dimension
reduction with an unsupervised auto-encoder neural network, (b) kernel density estimation of the
projection on a two-dimensional manifold, and (¢) using likelihood contours to identify clusters. We
find that there are four such clusters of CGN membership (three — 53.7% in total — with
nonconformity) with various occurrence probabilities. We observe the differing inhomogeneity of
response distributions within these three distinct clusters via heat map analysis. These distribution
properties of the three clusters containing the gender-nonconforming females enhances understanding
of specific types of challenges experienced by them. This understanding will undoubtedly enable
better targeting-their needs in future supportive approaches. Our detailed description of how to apply
these novel Al methods for statistical analysis should enable discoveries in many types of

questionnaires.
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1. Introduction
1.1 Gender Non-Conformity

With “gender non-conformity” (GN), the literature refers to a construct of (dis)agreement between the
culturally defined set of gender roles, expectations, scripts, attitudes and behavioral displays exhibited
by an individual and the cultural, social roles, behaviors, cognitions, and preferences that the

individual of a certain sex is expected to display (van Caenegem et al., 2015).

During childhood, the gender non-conformity indicators are motor behaviors, physical appearance,
interests, speech patterns, wardrobe choice, and play-friend preferences (Rieger et al., 2020).
Furthermore, gender non-conformity is one of the main features of gender dysphoria (American
Psychiatric Association, 2013). The diagnostic criteria for gender dysphoria in children include some
of the items queried by the Childhood Gender Non-Conformity Questionnaire (Rieger et al., 2008; its
outcomes are analyzed in this paper), such as preference for typical boys’ clothes, their activities, their
toys and boys as playmates. These items are indicative but not definitively predetermining the
diagnosis of gender dysphoria, since without significant distress and impairment in other important
areas of functioning, the differential diagnosis would be Non-Conformity to Gender Roles (American

Psychiatric Association, 2013).

Some studies showed that, in both men and women, the non-conforming behaviors displayed during
childhood are often related to non-heterosexual orientation during adulthood (Lippa, 2008; Mathy &
Drescher, 2020) but there is no definitive, unique theory regarding the relationship between non-
conforming behaviors in childhood and ad sexual orientation (Bailey et al., 1994). There are fractions
of a population with heterosexual orientation in adulthood that were gender non-conforming as
children. Consequently, the associations with other characteristics, such as socio-sexuality (Bartova et
al., 2020), prevalence of mental disorders (Gordon et al., 2017), self-perception (Zentner & von

Aufsess, 2020), and career choice (Broussard & Warner, 2019) change gender by adulthood.

Moreover, the GNC construct seems to have broad implications that differ in the two sexes, since the
female non-conforming behavior is usually less restricted and less penalized by other members of
society (Broussard and Warner, 2019; Skidmore et al., 2006). Additionally, males questioning their
masculinity could have stronger implications for their status, social power and acceptation by peers
(Carter et al., 2019). On the other hand, in women, conformity to the gender role includes conformity
to a quasi-normative ideal of appearance and, consequently, has been shown to increase negative body
imaging and body consciousness and also contribute to body objectification, sexual objectification,

and eventually to eating disorders (Aparicio-Garcia and Nieto, 2019; Sigel and Calogero, 2019).

There are cultural differences in perception of “otherness” regarding sexual typicality (Semenyna et

al., 2017) but there are also varying perceptions of gender-nonconforming individuals’ perceptions of
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other non-conforming individuals, mainly driven by western stereotypes of sex-typicality (van

Beusekom et al., 2020).
1.2 Problems Concerning Conventional Statistical Methods

Reliably assessing psychological and cognitive features that measure the behavior indicators or
attitudes related to these features has been a point of contention in the psychological and social
sciences. Indeed, these features are often not directly observable and hence difficult to measure and
quantify. One attempt to solve this problem was to develop numerous scale and rating systems, most
often as evaluations of responses to psychological tests or questionnaires. Most of them, it is assumed,
measure cognitive phenomena (as constructs) relying on qualitative assessments of postulated

indicators of these.

Already 61 years ago, Blalock (Blalock, 1960) wrote an admonishing paragraph: “It should be pointed
out that numbers may be arbitrarily associated with each category, but this fact in no way justifies the
use of the usual arithmetic operations on these numbers. The function of numbers in this case is
exactly the same as that of names, i.¢., the labeling of categories. It would obviously make absolutely
no sense to add social security numbers or room numbers in a hotel. Although we would never be
tempted to carry out such a ridiculous operation, there are other instances in social science research
where the absurdity is by no means as obvious.” Consequently, one shortcoming of mapping the
categories (ordinal integers, such as hotel room numbers) into computable integers is the dependency
of the outcome on the mathematical function used for the mapping. To wit: the CGN responses are
categorical variables and summing cardinal number labels is therefore a fallacious diagnostic method
for quantitative research dealing with the statistics of categorical random variables. We show how to

remove this fallacy in this paper.

A further fallacy occurs when constructing indices. In the widely-used Likert scale (Joshi et al., 2015),
each item is considered as a separate component of the putative true score of the construct. By this
definition, therefore, the putative score must be a vector. If one (erroneously) calculates the trace (the
sum of response scores) then a single numerical measure of the construct is all that is left. This sum —
or some other linear combinations of responses — decreases the error of measurement, it is claimed.
The argument goes: the errors average approximately to zero, as the errors are assumed to be randomly
normally distributed; consequently — so the argument — after multiple observations they will become
negligible. Alas, the traces are not normally distributed (Fig. 2); the trace calculation is devoid of

mathematical and statistical cogency.

The CGN scale (as many others) consists of many responses that map various domains of non-
conforming behaviors or preferences into cardinal integers (the response labels). After the individual
has responded to all the queries on Likert-type scales (in our version 7-point scales were used) the

conventionally used score is generated by summing the responses. This allows for a continuous scale
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ranging from 7 to 49. This procedure is fallacious because it does not take in account which responses

drive the score.

To be concrete: the score of 26, say, as the sum of the responses to seven questions (each response on
a 7-point scale) can be achieved by scoring2 +3+4+5+4+4+4=260r2+7+4+14+4+
1+ 7 = 26, and many, many more (there are 56854 different possibilities; see Appendix II). This
multiplicity issue becomes even more evident when only one response is extreme (e.g., 1 +1+ 1 +
1+1+1+7=11versus1+7+1+1+1+1+1=11).Itisnot difficult to recognize that the
two response sets {1,1,1,1,1,1,7} and {1,7,1,1,1,1,1} are very different even though they both score the
same sum (11) with the wide-spread linear mapping {A - 1,B—-2,C—>3,D > 4,E—>5F—>6,G—
7}. Conforming with the usual nomenclature, we call this total sum for the responses the index; this
index assumes, of course the linearity of the mapping of Likert scale responses into cardinal

(computable) integers.
1.3 Resolving the Fallacy

Recognizing this fallacy is a first step in moving forward to applying modern statistical analyses that
do not fall victim to it. The rejection of the aforementioned linear mapping and its attendant fallacy is

achieved by using vector mappings instead (details will be elaborated below).

Our scoring the questionnaire responses in the modern, rigorous way (being standard in Al
publications) does not infer this fallacy. Vector mappings may even be counter-intuitive to many.
Technological progress both in computational power and in the availability of novel algorithms have
enabled rigorous statistical analysis of categorical variables using vector mappings. We present a suite
of Al algorithms (these include vector mappings) that succeed in analyzing CGN differences between
individuals and to define these in a proper manner. We discover CGN categories by using this modern

statistical approach.

2. Materials
Descriptor Age (years)
Range 18-46
Sample Mean 21.1
E 20.7
Mode 19.7 23.9
HDIyse, 16.2-27.7

ML Distribution (od) 0.715 X Ga(208.6,0.0945)
0.285 X Cau( 23.96,1.377)

Table 1 The descriptors, estimators, and the mixture distribution parameters of the ages of the 355
females that responded to the CGNC questionnaire. Only the (arithmetic) mean is a point estimator.
We use ML to estimate the mixture distribution (a Gamma distribution Ga plus a Cauchy distribution
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Cau) and derive the descriptors (mode, expectation value and HDlose,) from it. HDIosy, (Baguley,

2012; Kruschke, 2015) is the 95%-CI (confidence interval) about the mode; it corresponds to, but is

very different from, the 95%-CI (£1.960) for the normal distribution.
The sample was collected in Italy in 2019 via Facebook online advertisements in websites related to

dating and life as a couple. The criteria for inclusion were ages between 18 and 65 years. The
questionnaire consisted of the seven standardized CGN questions, age duration of relationship (if it
existed at time of questionnaire), and the categorical variables listed in Table 3. 357 questionnaires

were completed.

ML Distribution: GammabDistribution[2.01, 0.0970]
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Figure 1 The probability density function (pdf) of the ML distribution of the duration of the
relationships of the participants. The rug plot illustrates the raw data points. The HDIysy, interval is
the confidence interval for asymmetric distributions at 95% confidence level, which indicates that

essentially the full range of duration has been observed.
Age distribution predictors and point estimators are listed in Table 1 and the ML probability density

function with parameters and the uncertainty interval are shown in Fig. 3. Most of the participants
(85.1%) were in a long-term relationship, the statistical descriptors of relationship duration are listed
in Table 2 and the probability density function is shown in Fig. 1. The majority of the participants self-
identified as exclusively or predominantly heterosexual (87.5 %). The education level of the majority
was equivalent to completion of secondary school (66.9 %) or higher (21.2 %) (Table 3). The

distribution matrix of municipality size, education level, religious beliefs are listed in Table 3.

Descriptor Relationship duration (months)
Range 2-180
Average 35.15
Mode 17.69
Expectation E 35.07
HDIyse, 0.776-83.57
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Table 2 The descriptors of the duration of the relationship of the participants. The ML distribution of
the duration (scaled to the interval 0—1) is a Gamma distribution (Figure 1). The average is the point
estimator of the data registrations by the participants; it is well approximated by the expectation E of

the ML distribution.
The responders were anonymous. The questions were posed in Italian (see APPENDIX I). The

translation of the questionnaire was checked by trained psychologists with appropriate language skills
via comparison with the original after back-translation into English. The participants read an informed
consent form prior to participation and were required to tick the option of agreement with terms and

conditions. We collected the responses using Google Forms, an online data collection tool.
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Figure 2 The histogram of average Likert score responses of the survey analyzed in this study. This
is a histogram (yellow rectangles), not a bar chart, because the scores are the result of having —
fallaciously — converted response categories to cardinal numbers. Cursory visual inspection shows
that Likert scores are not normally distributed; assuming the linear mapping of categorical variables
into computable (cardinal) integers, the ML distribution (purple) is the sum of three Beta distributions
(red, blue, green), where, for the parameter estimation of the distribution(s), the Likert scale scores
from 1-7 were re-scaled to the interval O—1. For all distribution parameter estimations, a Jeffreys
prior was used (resulting in poles at Likert scores 1 and 7). The intervals labeled (purple) below the
abscissa are the quartile ranges. Vertical axes ticks on the right are frequencies; vertical axes ticks on
the left are likelihood values.

3. Methods
3.1 Categories as Random Variables

The lack of statistical cogency is due to erroneously assuming that numerical scores of test item
responses are cardinal numbers. They are not; rather they are ordinal and therefore no numerical

operations using them exist.

It is easy to recognize this error described by Bablock (1960). Rather than mapping the categorical

responses into computable integers, replace responses numbered “17, “27, “3”, with “A”, “B”, “C”.
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Because the ‘numbers’ are actually labels (Blalock, 1960) of categorical variables (as are verses in a
Gospel chapter, say, or surahs in the Quran), no numerical operations are possible (or permitted). As a
consequence, it is fallacious to assume that they are sampled from a normally distributed statistical

population. Categorical variables cannot be normally distributed.
3.2 One-hot Encoding the Responses

The mapping of test scores into vectors has long been known as the way to do away with the
aforementioned fallacy (Murphy, 2012). If, for example, there are 4 possible responses to a query, then
the mapping A, B, C, D into the vectors (100 0), (0100), (0010), (000 1) does not allow
linear dependency, nor calculation of sums/indices. Different test scores differ by which component of
a response vector is nonzero (only one!); the algorithm is called ‘one hot encoding’. Because these
vectors with different nonzero components are orthogonal, no linear combinations of response vectors
can be used to construct a further response vector. One-hot encoding is therefore used extensively in
the statistical analysis of categorical variables, especially when applying Al (artificial intelligence).

We also use it in this paper.
3.3 Response questionnaires and ANNs (artificial neural networks)

Questionnaires consist of sets of queries (‘indicator statements’), not questions. Presented response
options assess the extent of agreement or disagreement with an indicator statement. Clearly,
researchers interested in cognitive and/or emotional features of humans must construct these indicator
statements; these query the extent of agreement with the proposition(s) derived from theory constructs.
In this paper, we do not challenge the putative nature of propositions nor of theory constructs. We note
that is unlikely for a single query to capture unobservable features sufficiently. The conventional way
to overcome this difficulty is to use the responses to a set of queries and then register the spectrum
(not: distribution!) of responses, individual by individual. These response sets will be elements of

some unknown statistical population, which we specify later.

Because this empirical approach relies on the claim that there exist statements that relate in a to-be-
determined extent with unobservable (latent?) variables, the approach of one-hot encoding is a great
empowerment. The different response vectors that encode the categorical variable realizations can be
concatenated into a feature vector, whose components are therefore no longer independent. Fallacious
approaches, such as using a pre-determined (and statistically unjustified) distance metric between

cardinal numbers generated by an unjustified mapping will not occur.
3.4 Auto-encoder and Dimension Reduction

The feature vectors of response sets to questionnaires include an important extra property, which is
why it is not only useful but also necessary in modern research using Al, especially in unsupervised
learning: while the possible one-hot encoded response vectors for each question are orthogonal (and

thus independent), the feature vectors constructed via concatenation of many responses are not
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orthogonal. These concatenated feature vectors include two interdependencies: one, among the
components for each feature vector of each respondent and two, interdependencies among the feature
vectors from different respondents. Suitable Al algorithms detect these interdependencies. We
reiterate: one-hot encoding a) does not fallaciously assign cardinal numbers to categorical variables via
a linear mapping, b) ensures that the response vectors for each single question/statement are mutually
independent (orthonormal), ¢) introduces no a-priori metric, d) allows for the detection of
interdependencies among the components of the feature vectors, and e) allows for the detection of

interdependencies among the feature vectors from the different respondents.

Here, we follow standard Al methodology, namely, the construction and use of neural networks to
detect these two interdependencies. These neural networks, called auto-encoders, look for nonlinear
interdependencies between the feature vectors (Murphy, 2012; Mohri et al., 2018; Strang, 2019). We
use auto-encoders to map these very high-dimensional feature vectors onto points in a lower-
dimensional space. Each 49-dimensional feature vector of an individual’s response set is mapped as a

point in a two-dimensional plane (Fig. 5).

The components of the individual’s response scores in the dimension-reduced vector space derive a
metric. This metric, therefore, is not imposed by questionable mappings beforehand, but detected by
the neural network. The distances between points in the dimension-reduced vector space can be the
basis of statistical analysis; various clustering algorithms, or non-parametric probability density
functions are further options, as we show below. In many other fields dealing with categorical
variables (such as medical injury states), the suite of one-hot encoding, feature vector construction,
auto-encoder neural network and distances in dimension-reduced vector spaces with a derived metric

have become commonplace.
3.5 Kernel Density Estimation

We analyze the non-parametric distribution of the points in this plane using KDE (kernel density
estimation; Murphy, 2012; Hastie et al., 2017). We can (and do) use the machinery of probability
density functions, segmentations based on likelihood, and Monte Carlo methods to determine
probabilities. We construct a non-parametric pdf (probability density function) of the random variable

u, estimated by using a kernel K}, (a Parzen window density estimator; Murphy 2012)

1 n
pafa) =2 Kn—u)

over the data points uy, using the training/test paradigm of Al learning to minimize the bandwidth 4.
The very many possible kernels are not restricted to u being one-dimensional (in our application, u is
two-dimensional); there exist several algorithms to minimize /; we use Silverman’s rule-of-thumb.
The resultant pdf has peaks separated by troughs (regions where the occurrence of dimension-reduced

response-vector points are unlikely). We construct contours that characterize these regions of high
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likelihood (which we call segments) and identify the individuals within these segments. We find
commonalities of response statistics that characterize these segments. By implication, these segments
therefore characterize different CGN female categories. As we communicate in the Results section, we
find three segments (and thus three female CGN personalities/categories) using this suite of
algorithms. A fourth segment contains those individuals whose responses characterize them as ‘highly

conforming’ females (that is to say ‘typical’; their responses were all “A’’s).
4. Results
4.1 Age

The ML parametric distribution of the participants’ ages is a mixture distribution (a Gamma
distribution plus a Cauchy distribution) with two modes (Fig. 3). The overlap between the pdfs of
these two distributions is so large that we may not assume that the sample consists of two populations.

Statistical descriptors are in Table 1.

pdf

0.20F

0.15F

0.10F

0.05

| | Age
35 40 45 (years)

0.00

Figure 3 The pdf of the ML (maximum likelihood) distribution of the ages of the questionnaire
respondents. The pdf'is the superposition of two parametric distributions: A Gamma distribution
(orange) and a Cauchy distribution (green). (Parameters are listed in Table 1). The gray vertical lines
represent a rug plot of the 450 ages of the sample; the thickness indicates the multiplicity of the
reported ages. We observe that the distribution is bimodal, but the overlap is so large that the
confusion matrix cannot be considered close to diagonal.

4.2 Demographics

The KDE-derived likelihood surface for the dimension-reduced categorical variable registrations of
the participants showed 72 ‘spikes’ and no clustering (Fig. 4), implying no associations. The lack of
clustering shows that the participants are homogenous with regard to the four categorical variables

listed in Table 3.
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Municipality -
. . . Religious
Category Population Education Level Belief .
Practice
(thousand)
A <10 102 Primary 1 Atheist | 117 Never 128
B 10-50 138 Practical 41 Christian | 166 Rarely 103
c 50-100 | 41 High Schoolor | g |\ o ostic | 36 | . FeW 69
equivalent times/year
D > 100 68 Bachelor’s 56 | Buddhist 1 ~Biweekly 18
E Master’s 2 Muslim 4 Weekly 26
F Specialist beyond 13 Other o5 More than 5
Master weekly

G PhD or higher 3

Table 3 The categorical variable encodings of the demographic parameters of the questionnaire
respondents and the frequencies of occurrences.

4.3 Clustering

Based on the women’s responses about their childhood, we discovered that the feature vectors cluster
(Fig. 5). Remarkably, there exist only four childhood clusters; they have statistically identifiable
characterizations. Three labels exist in the literature (“Tomboys”, Carr, 1998; “Ladylikes”, Ullman,
2014, and “Conformists”, Hornsey et al., 2015). We adopt these labels, but do not imply that the
characterizations we succeeded in identifying completely match those described by the naming
authors. We label the other identified cluster “Noncompetitors”. We have labeled each cluster based
on the typical preference or avoidance of certain activities derived from the responses and made

manifest in the associated heat maps (Fig. 6).

We used a low-likelihood contour outputted by the Al methods to identify the different clusters (Fig.
5). The volume enclosed by each cluster is the probability of cluster membership. The “Conformists”
cluster (C,) has the highest probability of membership (46.3%). The “Tomboys” cluster (C;) the
second highest (19.5%), while the other two, the “Noncompetitors” cluster (C,) and the “Ladylikes”

cluster (C3), have almost the same membership probability (17.2% and 17.0%, respectively).

Only the “Conformist” cluster (Cy) shows ‘pure’ homogeneity (all responses are “A”s) and is shown
as a disc in the contour plot (Fig. 5), because it is a ‘spike’; rendering it with contours would distort

the scale of the pdfs of the other three clusters.

In the three clusters with extended contours, homogeneity within each cluster is not observed. Such a
finding is characteristic of the power of unsupervised Al being applied to a data set of categorical
variables. The pdfs have differentiable (smooth) contours, with many regions of locally high curvature,
implying the absence of some possible linear scaling. We evidence therefore, that it is impossible to

find one single numerical score that characterizes each CGN. The contours of each cluster (Fig. 5) lie
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within a narrow band. Perhaps this leads to the intuition-driven speculation that there exists a linear
score for CGN; our results show that this speculation about a one-dimensional manifold cannot be
fulfilled (and, to boot, does not allow for the linearity of the metric of the natural numbers

conventionally used).

1.0 b

0.0r

-1.0

Figure 4 The contour plot of the dimension-reduced feature vectors of the responses to the

categorical variables listed in Table 3. Contours (lines of constant likelihood) are in steps of %Lmax

from cutoff = %L Of the 75000 points randomly generated with the likelihood function, the

max-*
69318 (pink) points (92.4%) are the those with a likelihood above cutoff. We observe that there exists
no clustering; very, very few of the ‘spikes’ have common contour lines. Thus, all 72 ‘spikes’ are de
facto independent at 92.4% confidence level, implying a quasi-random association. We conclude,
therefore, that the sample of respondents is homogenous with regard to the four categories listed in
Fig. 3.

Member of the “Ladylikes” cluster (C3), trend strongly towards gender conformity, as evidenced by

the general absence of response “G” and the almost complete absence of response “F” ( Fig. 6). Their



responses showed high homogeneity (remarkably few combinations of responses; 55 combinations of

responses by the 71 respondents in this cluster).

Members of the “Noncompetitors” (C,) cluster are more heterogeneous (as evidenced by the contours;
Fig. 5) than those in the “Ladylikes” cluster (C3), yet they tend, while marginally conforming, towards

nonconformity, but not as strongly as members of the “Tomboys” cluster (C;).

Figure 5
Tomboys | e
Noncompetitors | e
1.5
Ladylikes | ®
Conformists @
1.0
0.5F
0.0r
-0.5F
0.0 0.5 1.0 1.5 2.0 2.5

Figure 5 The result of using KDE (kernel density estimation) of the dimension-reduced feature
vectors of the respondents. The contours (lines of equal likelihood) below threshold are thin gray and
the contour of threshold likelihood is thick, dark gray. The pdf contours at threshold show the
segmentation. Dimension-reduced feature vectors are points, which are color-coded according to
cluster membership. Clusters are labeled and color-coded. The ‘spike’ (rendered as a deep purple
disc) at coordinates (~2.4, ~ — 0.8) in the lower right identifies the “Conformists”. Points outside
clusters are noise; they have extremely low likelihoods (and the respondents have no heat map with a
pattern). The contours for segment “Tomboys” are very narrowly spaced and many, indicating that
the likelihoods for this segment are particularly high; furthermore, the distribution of points is very
inhomogeneous.
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The “Tomboys” cluster (C;) is the most heterogeneous (165 combination of responses by 167
participants) of all and their responses (with highest frequency of “G” and “F”) indicate that the

participants belonging to this cluster are the least gender-conforming.

Responders within clusters C;, C,, and C5 share a common degree of gender nonconformity but the
type of attitudes (recorded by the questionnaire) that this degree expresses differ and occurs with
different combinations of the response scores (Fig. 6). The situation presented by the outcomes of our
analysis (and the discovery of four clusters) give reason to reject the possibility of distinguishing
between the subjects using the CGN scores as numerical identifiers. We have noted that this
(conventional) approach is doomed because respondents belonging to the same clusters (inferring the
same degree of CGN) would be differentiated based on introducing a (unjustified, biased) metric

(discussed in more detail in Appendix II).

A B CDTETFG A B CDETFSG A B CDTETFG

Question 1
Question 2
Question 3
Question 4 ]

Question 5

Question 6
Question 7 | I

Tomboys Noncompetitors Ladylikes

Figure 6 A ‘heat map’ showing the distribution percentages of response categories to the seven
questions. Color codes are fractions of answers for each segment and each question separately. The
segmentation achieved by using an auto-encoder resulted in the classifications labeled in Fig. 5.
“Ladylikes” predominantly respond “A”, except for Questions 4 and 5; “Noncompetitors”
predominantly respond “A” only to Question 6, but respond “A” to Questions 2 and 7, and rarely
respond “G” to Questions 4 and 7. “Tomboys” have an almost uniform distribution of responses to all
questions. Therefore, the heat maps show that: “Tomboys” have higher preference for dressing like a
man and a preference for competition; “Noncompetitors” have an aversion to competition; and
“Ladylike” a higher preference for typical female dressing and behaviors.

5. Discussion

Previous publications analyzed childhood gender nonconformity via scale entries along a number line
(Bartova et al., 2015, 2020; Reiger et al. 2008, 2012; Skidmore et al., 2006); these registrations were
considered to be the degree of conformity of each subject to roles and behaviors considered gender-
typical. We use a modern, rigorous sequence of algorithms for analyzing the responses to the CGN
scale. In this paper, we have demonstrated that, numerical registrations along a claimed number line

cannot characterize the degree of conformity.

We are aware that our findings are novel, based as they are on a statistically rigorous analysis of
categorical variables and because the response scores are not distributed on a univariate numerical

scale. The novelty is not only ascribable to a proper analysis of categorical variables but also due to
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advances in mathematical statistics and in artificial intelligence methods. Modern implementations
(such as many-layered neural networks) have become tools for statistical methods (Murphy, 2012;

Mohri et al., 2018).

Our novel, rigorous approach allowed us to reveal a discrete classification of respondents in our
sample. Rephrased: we discover categories of CGN — four of them — evidenced as clusters in the
contour plot. The spectrum of responses in each cluster indicates that CGN differs among the four

clusters; CGN of respondents are homogeneous within each cluster.

The clustering we discovered is impossible to detect with (dubious) methods of statistical analysis in
which a response total ‘score’ is used to calculate the gender conformity (e.g., Reiger et al. 2008,
2012; Skidmore et al., 2006). Clearly, the previous work should be critically appraised. For instance,
we highly value the development of the queries in the questionnaire and the work related to diagnostic,
therapeutic, and scientific use — and hope, on the other hand, that our work will become the statistical
foundation for future studies. We are aware of the fact that only limited comparability with the

previous work is possible due to shift in the analysis paradigm.

One consequence of the (local) inhomogeneity in each of the clusters “Noncompetitors”, “Ladylikes”
and “Tomboys” (Fig. 5 and Fig. 6) leads us to reject the claim by Diamond (2005) of a discovered
fluidity in sexual orientation of women. The analysis presented in that paper relies on mapping
categorical responses onto cardinal (computable) integers. Our analysis shows that this fluidity is an
artefact related to the analysis used in that paper. Our analysis shows the existence of clusters —
relations with sexual orientation do not automatically follow. The inhomogeneity within the clusters
would explain a fluidity phenomenon (which would be specific to cluster; in other words, members in
each cluster may have a fluidity at variance with that in another cluster). The putative clusters of

fluidity need to be tested in future topic-related work.

The issue of gender-typical behaviors and preferences is particularly manifest in females, because they
are less socially penalized for certain behaviors such as wearing masculine attire (Broussard &
Warner, 2019). Preferences must be, we find, heterogeneously distributed within the clusters (Fig. 6).
Such heterogeneity is not (indeed, cannot be) discoverable when conventional, fallacious scaling is

employed, whereas the auto-encoder method discovers it via unsupervised Al.

The presence of homogenous behavioral displays is easier to recognize, it is claimed, as a category
with high inter-categorical difference (“cognitive economy”; Roach & Lloyd, 1978; Das-Smaal, 1990;
Oakes, 1996). The construct of gender conformity as a distinction between male and female behaviors
is manifest in females, we discover (see ‘spike’ in Fig. 5). Note that transitions from one cluster to the
neighboring one need not be along an axis common to all clusters. Membership in clusters is defined
via the spectrum (not: distribution) of CGN questionnaire queries; nearest-neighbor transition along
some (currently unknown) axis from one cluster to another may involve a radically different spectrum

of responses. Detailed analyses of these claimed effects necessitates further research using more
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advanced research methods, such as supervised Al classification algorithms (gradient boosted trees,

random forests, etc.).

The Gender Identity Disorder in Children as diagnoses by the DSM 5 includes criteria that resemble
the behaviors tested in the CGN (Zucker, 2015), i.e., for females: strong preference for male
playmates, interest in toys preferred by boys, and preference for other boys’ clothes. These behaviors
have therefore been considered atypical and, when co-occurring and in presence of strong distress, and

have led to a diagnosis of a GIDC disorder.

The major problem of children considered being non-conforming with their ‘typical’ gender could
stem from their relationship with parents and their rejection by peers (Swim et al., 2020; Rieger et al.,
2012; Aspenlieder et al., 2009; Toomey et al., 2013), not with the behaviors per se. Assigning these
‘atypical’ activities as being abnormal and unhealthy in children have created a serious problem; more

serious than the actual effect these behaviors have during a healthy development.

It is important to stress that previous publications infer that strong gender conforming behavior and
attitude in women lead to a more problematic relationship with body self-image and self-
objectification (Lippa, 2008; Aparicio-Garcia and Nieto, 2019; Sigel and Calogero, 2019); the
methods and clusters we present here may offer progress in discovering outcomes and developing

insights into how the aforementioned problematic relationships are distributed.

Social rejection, as a consequence of non-conforming behavior, unavoidably leads to isolation, anxiety
and depression (Roberts et al., 2013); these should be addressed as the problems, not the non-
conforming behaviors themselves. Evidence comes from the cases in which the behavior does not
apply to the individual as a gender conformity construct and cases in which the non-acceptance of
gender conforming behavior is part of a rejection towards the gender construct itself (Carr, 1998). The
rejection of the behavior itself is not necessarily well addressed as being the cause of the suffering.
The behaviors are not to be considered correct in either case and attempts to correct them can lead to a
wrong therapeutic approach. This acquires even more importance after observing that different
clusters, due to varying weights of the responses, are observed and the existence of inhomogeneity is a

typical characteristic of every cluster.

The statistical methodology used in the present research is novel, therefore the results are not
straightforwardly comparable to those of previous publications. We suggest to implement the
methodology used in the present study to: (a) analyze other characteristics related to CGN, (b)
replicate the present study for participants from other nations and perhaps other cultures, and (¢)
include characteristics such as socio-sexuality. Collecting data related to childhood stress, adult self-
acceptance, and information about psychological wellbeing of the respondents may contribute further

insights needed for addressing gender non-conforming behaviors in children.
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Kelloway (1998) has remarked that social scientists have a tendency to keep using a statistics analysis
procedure because it seems to “work reliably”. They are therefore, so his observation, hesitant to apply
methods more modern than the ones they feel comfortable with (Is the payoff for increased intellectual
effort worth it?). Of course, such a state of affairs should not be considered proper science. For one,
traditional, albeit established, statistics methods have limitations that have been overcome during the
course of a social scientist’s career. Adhering to methods that have reached the stage of obsolescence
incurs results that lead to flawed (or worse) conclusions. Part of the issue of irreproducibility of many
field data interpretations in the social sciences can be traced to violations of assumptions due to
applying obsolete methods. Secondly, some data sets, most notably those containing categorical
variable scores, have been analyzed by statistical methods that are clearly wrong and have been known
to be so for half a century (Bablock, 1960). Only recently have these methods been unequivocally
superseded: by employing Al for statistical analyses. This paper is one example of how not only (1)
can proper, rigorous, non-fallacious methods be applied to a data set with categorical variables, but
also (2) new discoveries be made (discoveries that are not imaginable by researchers who are used to
creating plausibility arguments that fit wrongly-adhered-to modeling paradigms): none of the
traditional methods will discover clusters, let alone four of them — a noteworthy, copy-book case of
serendipity. This serendipity may sound self-congratulatory to the research community, but it does

benefit CGN females in their struggle for acquiring self-esteem.
6. Conclusion

We identified three clusters among the women (who were non-conforming as girls) responding to
queries of the standard CGN questionnaire by using modern statistical (AI) methods. Analysis of
responses to this questionnaire helps identify the inhomogeneities inherent in CGN of this population.
Use of auto-encoders and KDE identifies cluster membership that a human (a clinician, say) would not
be able to. We also discovered that members of each cluster had a different range of response spectra
from those in other clusters. We find the CGN questionnaire to be sufficiently ideal; its measure-based
construct has important implications in peoples’ everyday lives. We can identify three distinct clusters
in each of which membership evidences gender-non-conform responses. The detailed statistical
analysis of often-claimed confounding variables (age and four categorical ones) shows that we may
rigorously show that the clustering of the CGN categories is not due to clustering of age, education,

religiosity, and municipality size.
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The Italian version of the CGNC questions (Version for females)

Non conformita di genere nell'infanzia (versione per le donne)

1. Da bambina i miei coetanei mi chiamavano maschiaccio.

2. A volte, quando ero bambina, avrei volute nascere maschio anziché femmina.

3. Quando ero bambina mi piaceva di piu giocare con i maschi che con le femmine.

4. Spesso da bambina sentivo di avere pitl cose in comune con i maschi che con le femmine.

5. Da bambina di solito evitavo di usare abiti femminili (come gonne e vestiti).

6. Quando ero una bambina mi piacevano gli sport competitivi, come il calcio, il baseball e il
basketball.

7. Ero una bambina mascolina.

Appendix 11

Statistical errors when generating sums (indices) of responses

Many conventional (and, we claim and justify in this Appendix: erroneous) statistical analyses

approaches begin by converting the categorical responses to cardinal (computable) integers along a
linear one-dimensional scale. In a second step, these integers are summed, individual by individual,
and then, in several other steps, analyzed by (questionable, non-informative) correlation calculations,
estimating means and standard deviations, ANOVA, etc. Here, we show, using the data we collected,

why computing the sums of responses is uninformative. By implication, using these sums invalidates

the above list of computational techniques. For each respondent, the seven queries request one

response from “A” to “G”. Using the linear mapping into the computable integers, each respondent is

characterized by seven integers between “1” and “7”. Because there are seven queries, the sum of

these mapped responses is between 7 (all “A”) and 49 (all “G”). One (fatal) flaw with this approach is
due to the fact that there exist very many possible ways of achieving the same sum/index, if it is not at

the extremes 7 and 49. Table App2 lists the number of possible response listings for a specified sum in

this data set of seven queries and seven possible responses per query.
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Table App2

Number of Number of Number of
Index (sum) possible Index (sum) possible Index (sum) possible
summations summations summations

7 1 21 26769 35 26769
8 7 22 33390 36 20664
9 28 23 40166 37 15330
10 84 24 46655 38 10906
11 210 25 52374 39 7420
12 462 26 56854 40 4809
13 924 27 59710 41 2954
14 1709 28 60691 42 1709
15 2954 29 59710 43 924
16 4809 30 56854 44 462
17 7420 31 52374 45 210
18 10906 32 46655 46 84
19 15330 33 40166 47 28
20 20664 34 33390 48 7
49 1

Table App2 The tabulation of the ambiguities of using sums/indices to characterize summative
responses to questionnaires. Here we tabulate the ambiguities for seven queries and a 7-point Likert
scale of responses. An example: there are 15330 different ways of generating a sum of 19.

Assuming that the construction of the sums/indices is legitimate, we observe that the sample size
needed for reliable analysis must be upwards of 500 thousand (based on the “rule of thumb” that a
coverage of about tenfold of the most frequent occurrences is needed)! To our knowledge, no study
with such a large sample size has been published.

We demonstrate a further shortcoming of relying on indices by using our data set. For each cluster —
the “Tomboys”, the “Noncompetitors”, and the “Ladylikes”, we have computed the indices as per
conventional mapping. Fig. App2 shows the distribution of index frequencies in each cluster. Clearly,
there is no separation of the data set into clusters (the distributions are not distinguishable).
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Figure App2 The distributions of the relative frequencies of the sums/indices obtained by summing
the seven responses to the seven queries in this data set after converting to a linear scale of
computable integers. Labeling is as in the text for the CGNC clusters: (a) “Ladylikes”, (b)
“Noncompetitors”, (¢) “Tomboys”. There are no distinguishing differences between the distributions.
The fact that the highest sums occur only for the “Tomboys” should not be misleading: only 1% of
the respondents in the segment “Tomboys have such a large sum. Note that the highest relative
frequency for the “Tomboys” is for the index 16, comparable to the highest relative frequency for
“Noncompetitors”. As can be seen from Table App2, the required sample size to ensure a sufficient
coverage (which does not imply a statistically significant clustering, please note) the sample size
would have to be close to or larger than one million.
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4 Technology-driven Response Insights Contribute to Human Sexuality

Research

4.1 WEIRD Questionnaire Participants

4.1.1 Sampling

The topic of sampling is problematic not only for those who work in sex-research but also for
researchers in many other social science fields. The (oft-quoted) “queen of sciences” — physics — has
developed theories that can control for variations in effects in many fields. Nonetheless, there are
fields — even in physics and chemistry — that have to deal with large variances (such as stellar
surfaces or thermal effects in semiconductors). In the majority of the ‘how-to’ books written for social
science field researchers, we read about ideal sampling and how the samples should be collected. In
human sexuality research, the majority of samples are collected from chosen populations, rather than,
as in physics or chemistry, in carefully controlled laboratory conditions. This problem of ‘field-work’
research (Catania et al., 2015) when collecting the data, say, of the sexual life of indigenous Peruvians,
of African-American youths, of urban men who have intercourse with other men, or of college-level
students, necessitates the development of novel statistical tools. It has been estimated that 96% of
research in the social sciences is conducted using western, educated, industrialized, rich, and
democratically-minded (WEIRD) participants. Furthermore, more than half of these studies have been
carried out in the United States (Rad et al., 2018).

The students are in close contact with others in their peer group; this is likely to produce a difficult-to-
control-for influence on their observed social behavior and strategy (Binter et al., 2012). Furthermore,
psychological problems and lower quality of life are prevalent amongst students (Henning et al.,
2012). Inferences derived from such samples are fraught with shortcomings.

Another issue in sex research pertains to the topic of the existence of a self-selected sample
(Bethlehem, 2010): individuals who participate in a study focused on sensitive topics such as sexuality
tend to be more open-minded and experienced; individuals who choose not to participate in such a
study tend to be more insecure or conservative (Copas et al., 2020; Wiederman, 1999). In such a case,
we would only statistically analyze a narrowly yet well-defined, but not a general population.

As such, this narrow focus on participants could lead to less reliable inferences when applied to sexual
behavior of the population at large. Also: even today a considerable fraction of the world’s population
does not use the Internet and so has hardly been researched in quantitative studies during the last
decade. Furthermore, participants of internet-administered studies may have other motivations — such
as a financial reward for participation. Thus, the chances of discovering generalizable phenomena are
higher when participating individuals are motivated by other notions; those different from interest in
the topic or from signing up due to it being in a subject taught at university. The more salacious the

topic, the more pronounced the risk of bias becomes.
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In the Czech Republic, for example, I have been involved in efforts to collect representative samples
(Boschetti et al., 2021). Weiss and Zvéfina succeeded using a representative sample for reporting
annual changes in beliefs, behaviors and trends (Weiss & Zvéfina, 2001).

Thus, it should again be stressed that there is large methodological gap, if researchers are unable to
collect data on individuals who together constitute a genuine demographically well-defined cross
section of the population. Only then is the application of the descriptor ‘representative’ justified.
Whether bean-counting or not, generalizability is only possible after the prerequisite ‘representative’

has been met.

4.2 Future: Globally Tracking Sexual Responses Online

4.2.1 Sampling

Methods needed to collect representative samples have become much easier in the past decade, since
telephoning combined with paper-and-pencil questionnaire techniques need no longer be used. Online
data collection is a wide-spread technique that allows for familiarity (the individuals are taking part in
their familiar environment — usually their home) and privacy (no-one other than the participant
knows what his/her response to a query is). Furthermore, there is neither a need for extensive financial
support nor for re-checking response lists. Thus, improvement comes about by the change in the
technique. The quality of the data due to the same problems of self-selection remains, although it is
less problematic because the chances of self-selection are less.

Currently, and even more so in the near future, techniques employing cookie tracking and online
behavior presence tracking is considerably more reliable since it is unobtrusive, prevents any
distortion of the data, and supports longitudinal approaches, even when the individuals change devices
(Morichetta et al., 2019). The issue of privacy and anonymity is much more pressing in sexuality
research, because people may be tolerant of revealing some of their consumer habits, but very
intolerant of others acquiring knowledge that transgresses the boundary of intimacy. Internet
connection is close to being available globally (in fact, approximately 90% of population living in the
developed world is now online) and the growth rate for internet access in the developing and in the
least developed countries the growth rate is tripling since 2019
(https://www.statista.com/statistics/209096/share-of-internet-users-in-the-total-world-population-

since-2006/).

Wearable sensors will soon be available to all members in a variety of populations; these allow the
measurement, registration, collection and transmission of physiological measures at a distance, yet
within the comfortable and familiar environs of the participant (Wang et al., 2021). So, data collection
now extends from query responses to monitoring various activities. As pointed out in Section 2.2, Al
techniques can find not only interrelatedness of stimuli, but also their interrelatedness with responses
— all without requesting additional activities to support the researchers’ endeavors. Then studies with

narrowly defined methodology can be pursued in a very large number of sets of individuals. The
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notorious problem of small data sets, combined with each being analyzed by a different study design,
will become a thing of the past. In fact, different study designs could, in principle, be applied to the
same data sets, as the number of interrelated stimuli and the number of response query sets will be
very large (Gormezano et al., 2022).

We are also living on the verge of the future when the Metaverse® will become virtually real. Authors
are already suggesting that the whole phenomena of data acquisition combined with uncontestable
knowledge of an individual’s behavior in the Metaverse® will produce a further paradigm shift

Parsons, 2012).

4.3 Exemplary Exposition of Al Methods: English Version of a Czech Manuscript

In the following example, we describe research which applies Al to a representative sample of the
Czech population. We looked for — and found clusters of pornography consumption and sexual
behavior that cannot be detected using correlations, let alone indices, because more than of grouped
exists within each cluster. The analysis of the data set demonstrates how my research team generated
one-hot encoded vectors, dimension-reduced the concatenated feature vectors by using a neural
network and then used the K-means algorithm to find clusters.

One outcome (“discovery”) is the presence of 8 clusters. The heat maps show the degree of similarity

in the responses of the demographic subsets in each of the clusters.

51



Al (Artificial Intelligence) Detects Clustering of Czech Republic
Inhabitants’ Porno Consumption Habits and Associations with their

Demographic Parameters

Hermann Prossinger *! Silvia Boschetti?3, Tomas Hladky?3, Jakub Binter?3

*! Department of Evolutionary Anthropology, Faculty of Life Sciences, University of Vienna,

Vienna, Austria

2 Faculty of Humanities, Charles University, Prague, Czech Republic
3 Faculty of Science, Charles University, Prague, Czech Republic
Abstract:

Background: In societies with easy internet access, anonymous consumption of BDSM and non-
BDSM porno videos has become widespread. It is neither clear what fraction of consumers in such a
society consume how much, and how this relates to their personal attributes (education level,

masturbation frequencies, and biological sex).

Aim: First, we are interested in associations between their personal and sexual attributes (BDSM and
non-BDSM porn video consumption, and masturbation frequencies). Second, we investigate whether
these segments associate with one demographic parameter, the population size of the locality in which

they live.

Results: We find that the participants cluster into 7 segments; none are of only one sex, but several are
overwhelmingly so. The spectrum of their sexual attributes is distinctly different in the segments.
Education levels and relationship statuses are not good separators. Highly compulsive porno video
consumption, together with high masturbation frequencies, characterize two segments, while
restraining (very conservative) sexual attitudes are characteristic of two others. Demographically,
members with conservative sexual attitudes are primarily female and live in small localities, as do

males with highly impulsive sexual attitudes.

Conclusion: Modern, advanced statistical methods can identify segments with well-defined sexual

attributes and associations with demography.

Keywords: Neural Networks DBSCAN algorithm, porno video consumption, masturbation frequency,

demography parameters, compulsive sexual behavior
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Introduction

The “purity movement”, in which Ellice Hopkins was a central figure, pointed towards a future trend
(Hopkins, 1899), namely that men, by far more visually stimulated than women, would become
mesmerized consumers (occasionally even compulsive ones) of internet pornography. Not without
claimed costs, however; sexual development arguably predetermines sexual preferences and sexual
behaviors that run the risk of lingering on into adulthood. Ten percent of respondents of one UK

sample even claimed to be addicted to pornography consumption (Logue et al., 2018).

There exists a large overlap between the preferences for anticipated sexual fantasy and actual
pornography watched, especially for men (Chivers & Bailey, 2005; Chivers et al., 2010; Binter et al.,
2013; Krejcova et al., 2018). Two aspects seem to be explanatory: (a) sensation seeking and sexual
drive (Galther & Sellborn, 2003; van Lankveld et al., 2015), and (b) availability of a sexual partner to

have the sexual experiences with (Binter et al., 2012).

Arguably, there are three aspects relating to the availability of a partner. One, larger cities are more
likely to be inhabited by individuals with higher education levels (since the universities are
predominantly present there); two, a larger population ensures a higher availability of suitable partners
(Binter et al., 2012); three, more individuals with minority preferences (such as BDSM-positive
individuals) are also likely to be found in larger cities (Richters et al., 2008; Wismeijer & van Assen,
2013). For the third, possible reasons are anonymity, a larger partner market, more clubs and localities

dedicated to fringe sexuality.

Pornography is viewed for various reasons, including novelty seeking. Those who are in a partnership
over an extended time period are more likely to fantasize about sexual partners other than their current
one. Those who have cheated on their previous partners and those who previously had more sexual
partners are more likely to act out their thoughts in their current relationships (Hicks & Leitenberg,
2001). Conversely, some studies (i. e., Birnbaum et al., 2019) show that those partnered individuals
who fantasize about their partners are likely to exhibit more behaviors related to partnership

satisfaction. Therefore, pornography and relationship status are related.

The primary reason to watch online pornography is to become sexually aroused; moreover, curiosity
satisfied by pornographic scenes and displays of gratification techniques also inspire (Sabina et al.,
2008). Data for the Czech Republic evidences a difference between those who are in a relationship and
those who are single (Smutny & Sulc, 2018). Singles are more likely (17.1% vs 12.5%) to watch
pornography to satisfy their secret desires; inspiration for their sex life is lower, however, by 13.2%
(21% of singles report such motivation). Both groups are motivated by experienced satisfaction

(partnered: 59.9%; singles: 66.7%).

It is not uncommon for some to claim that there are only negative impacts of pornography. Not true;

there are positive effects as well — a compensatory effect has been demonstrated in Japan, Denmark,
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Finland, Croatia, United States of America, and Czech Republic (Diamond et al., 2011). It has been
observed that the increased availability of pornographic materials is negatively associated with sex-

related crimes in a country.

Noteworthy: the availability of pornography seems to be a liberating factor, especially for women;
they, in previous times, were less likely to watch such offerings. Now they are consuming
pornography. Choices and consumption, apparently, help them define more precisely what their sexual
needs are, contextualize these needs and preferences, and more easily accept their sexuality

(McKeown et al., 2018).

In a previous Czech sample — the most relevant one to compare with the one presented here — it was
observed that approximately one third (29.5 %) of men consumed pornography very rarely (3.4%).
More than half the women consumed pornographic materials a few times a month, while more than
half of men consumes pornography 2 to 5 times a week. Less than one percent of women consume
pornography at least daily; in contrast, 11% of men consume the pornographic materials several times

a day and 14.4% at least once a day (Smutny & Sulc, 2018).

A Short History of Visual Pornography: Pornographic depiction has been documented: (a) in
peripatetic Greece, (b) during the Roman Empire (surviving pornographic renditions are to be seen not
only in a Pompeii brothel, but also in frescos in villas largely destroyed by the eruption of Vesuvius in
AD 79 and now on display in the Archeological Museum in Naples), (c) in Chinese (for example Zhou
Fang, 8" Century) and in Japanese (shunga) woodcuts, (d) in the Indian Kamasutra (Sinha, 1988), as
well as (e) in the well-known sculptures on Indian temple facades (for example, Kandariya Mahadeva

Temple, 11" Century).

We compare the accessibility of pornographic images in Renaissance Italy (16" Century) with those in
the Biedermeier Period (primarily after 1815) in the Habsburg Empire, as they exemplify the decrease

of exclusivity, the increase in availability, and, presumably, increase in consumption.

While Raphael (1483—-1520) was painting his world-famous frescos in the Stampe in the Vatican, one
of his assistants, Romano (1499—-1546) (who was to become a very famous painter in his own right)
painted a sequence of lascivious copulation positions on the walls. Of these, Marcantonio Raimondi
(1482-1534) made copper etchings and distributed them in Rome. The Pope was enraged and threw
Raimondo into prison. Notwithstanding, these depictions were then reproduced again and distributed
in book form, accompanied by extremely explicit pornographic sonnets written by Pietro Aretino
(1492—1556). These I Modi (best translated as The Intercourse Positions, which included depictions
and descriptions of anal intercourse — sodomy was not always criminalized in the upper strata of
society during the Italian Renaissance, nor had it been, by the way, in peripatetic Greece) were
repeatedly hidden, destroyed when found, and so forth. In 1928, Walter Toscanini (son of the famous
conductor) discovered an early 16"™-Century specimen, with woodcuts instead of the copper etchings,

which has since been sold to another private collector. 62 years later, reproductions have been
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published (Lawner, 1984). In the context of the subject matter of this paper, it is important to note that
the etchings and woodcuts circulated only among the wealthy and powerful in Rome and Venice and

were avidly consumed.

During the Congress of Vienna (1815), erotic (and pornographic) art was consumed and distributed in
a clandestine fashion (and certainly enjoyed). Notorious became a series of 40 aquarelles depicting
copulation scenes that had been falsely attributed to Peter Fendi (1796—1842). In contrast to the  Modi
of the Renaissance, these were much more easily accessible for viewing, purchase and trading, also by
affluent commoners. Remarkably, the protagonists in the copulation scenes were middle-class
Viennese dressed in Biedermeier fashion (albeit only partially, due to the pornographic depictions) —

a considerable contrast to the attire of the contemporary nobility.

In Europe and in North America, post-Enlightenment (from mid-19" Century onwards) pornography
became more and more ubiquitous and a mass-consumed product. With the invention of photography
and — even more so — the movie, presentation of visual pornography allowed access to ever larger
fractions of the population — primarily because of the inherent techniques of mass production and
mass distribution of filmed materials. (The first enterprise that exclusively produced erotic and

pornographic movies was Saturn-Film, Vienna, from 1907-1911.)

In this day and age (2021), the inundation with pornographic movies, accompanied by their ease of

anonymous distribution, has resulted in seemingly indiscriminate and almost unlimited consumption.

We show in this paper, however, that the consumption is not as indiscriminate as is commonly

believed.

BDSM Behavior and Consumption of Visuals: BDSM is both a genre and a lifestyle. We need to
distinguish between BDSM activities that are purely sexual with those that include sexuality but are
actually a complex of social interactions (Foucault, 1990). An early depiction of sexual whipping is
the Tomba della Fustigazione (The Tomb of the Whipping), an Etruscan tomb (about 490 BC)
depicting individuals who experience (sexual) pleasure from and while being flogged and spanked by
a hand and a whip (Steingriber, 2006). A large gap in evidence follows. One surviving rendition is 4
Satyr Flogging a Nymph Bound to the Branches of a Tree, an engraving by Antonio Carracci (1557—
1602). Marquis de Sade (Donatien Alphonse Frangois), wrote 120 days of Sodom and Justine, or the
Misfortunes of Virtue (both considered gems of BDSM literature), which he wrote while imprisoned.
Most of the content is arguably purely fictional, but from court proceedings and legal charges we do
know about factual descriptions of his preferences (Gray, 1998). Richard Freiherr von Krafft-Ebing
was the first to call the descriptions of such behaviors as sadism and masochism in his work
Psychopathia Sexualis (1886). Masochism is named after Leopold von Sacher-Masoch, an Austrian
nobleman. Sacher-Masoch’s writings, as well as his sexual life, dealt with intentionally received pain,
concomitant with punishment and degradation. His Venus in Furs (1870) includes passages of

devotion, sexual violence, psychological mistreatment and fetishism. The modern clinical
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understanding of both sadism and masochism are considered non-consensual and differ from Sader-
Masoch’s. Consensual sadomasochism is, on the other hand, recently considered a variant of sexual

preference without negative implications (Federoff, 2008).

The modern consensual BDSM visual style and appearance can be traced to one sole photographer
who created the presentations we associate with such materials in the 1940s and 1950s; it was John

Alexander Scott Cutts (pseudonym John Willie; Pine, 2013).

Currently, BDSM porno videos show sexual behavior during which (usually consensual) power
exchange takes place. Some practices are focused on physical sensations, some on mind sets and some
on mental states (these include punishment and role-play). Pain induction may or may not be an
element; any more than obedience and subordination. Special costumes are sometimes used to

generate further immersion (Binter et al., 2021).

The Age of New Technologies: One of the most life-changing technological advancements, the
Internet, has resulted in enormous databases of pornographic materials. Hardly any pornographic topic
is missing in their offerings. One in five Internet searches are pornography oriented; one in four
respondents have pornographic materials stored on their mobile devices; one third of World Wide
Web content is pornographic (Smutny & Sulc, 2018). Approximately 70% of the consumers use a
notebook to watch pornography, and at least one third watches it on a smartphone. 90% of both sexes

always watch something new, while less than 25% of men and 10% of women (re)watch already
viewed materials. The majority of non-consumers had one or two sexual partners; almost é of had

more than ten — demonstrating that novelty-seeking is one of the motivating factors. Here we would
like to point out that there may be five types of relations of the pornography use and real life
preferences: (a) the more novelty is searched in pornographic materials, the more real life experiences
are preferred to be novel (both, pornography consumption and socio-sexuality are high), and (b)
willingly compensatory mechanism may take place (while real life experiences are willingly avoided,
high pornography consumption is an acceptable alternative). Furthermore (c) there are limiting factors
of the real-life experiences the pornography consumption is therefore an alternative which is not
preferred but available. When sexual drive is not as high as in previous examples (we intentionally
avoid words regular or average) option (d) when the sexual drive is satisfied by sexual activity with a
partner or porn consumption (presumably depending on the partner availability but without
compulsive element), lastly (¢) pornography is not consumed and due to lack of high sexual drive,

neither frequency of sexual intercourse is high.

Men, being more visual, are more likely to watch pornography videos of almost all types and themes
(including, but not limited to, fetish, group sex, female-female sexual interaction). However, for two
types of porno videos women outscored men: (a) in male-dominant depictions of BDSM pornography
and (b) in sexual foreplay. No sex differences were found for depiction of ‘usual’ (sometimes called

‘regular’ or ‘conventional’) sexual activities (Krejcova et al., 2018).
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A representative sample of the Czech population shows that, for both sexes, the onset of masturbation
is usually at age 13 and increases in frequency by the age of 15 (Weiss & Zvéfina, 2001). The
masturbation frequency has been hypothesized to negatively impact sex-life satisfaction (Brody &
Costa, 2009); in the context of pornography consumption, there is an ongoing discussion about its
impact on sexual behavior (Dines, 2010; Gyamfi & Zalata, 2018, Boschetti et al., 2021; Prasova et al.,
2021).

In a longitudinal study of sexual behavior in the Czech Republic (Zvéfina, 2009), it was found that
men masturbate more often than women (men 7.1/month, women 5.8/month, in 2009). In 1993, 84%
of men confirmed regular masturbation, 83% in 1998, 89% in 2003, and 90% in 2008. 50% of women
confirmed masturbation in 1993, 58% in 1998, 61% in 2003, and 65% in 2008. The steady increase is
statistically indistinguishable between the sexes. 76% of men consider masturbation to be a natural
phenomenon; so do 62% of women. 20% of men consider masturbation to be a bad — albeit harmless

— habit, as do 29% of women. 4% of men and 9% of women consider masturbation to be harmful.

The above descriptors infer the existence of classes of porn consumers. Vaillancourt-Morel (2017), for
example, identified three: (a) recreational users (approximately 75%), (b) compulsive users (13%), and
(c) non-compulsive, non-recreational users (12%). The (a) users have reported that inspiration is their
main motivation and their sexual life was not negatively affected by porn consumption. Women were
the predominant members of this (a) group and spent approximately half an hour a week watching
pornography. 10.2% of a university sample and 7.8% of a community sample were found to be
compulsive users; these were primarily young heterosexual males exhibiting the clinical symptoms of

Compulsive Sexual Behavior Disorder (Castro-Calvo et al., 2020).

Aim and Methods of the Study: This paper deals with the varied (but not indiscriminate) degree of
pornography consumption of our adopted dichotomy (BDSM versus non-BDSM porno videos) and
how it relates to further parameters: (a) demographic categories (population sizes of
villages/towns/cities in which the respondents live), (b) personal attributes (relationship status,

education level, biological sex), and (c) masturbation frequency.

Our method of analysis, using artificial intelligence (Al) methods and unsupervised clustering

algorithms will contrast our findings with the above published study outcomes.
Materials and Methods

Materials: 902 individuals from the Czech Republic took part in an online survey concerning
aspects/characteristics of their sexual attitudes and pornography-related activities, as well as the
village/town/city categories in which they lived (Table 3). Of these, 881 individuals completed the

questionnaire.

The age distributions of the participants were matched to the demography of the Czech Republic
(Table 1).
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Segment Number of Age Range Mean Median Mode
members (years) (years) (years) (years)

#1 184 18-50 33.8 33.0 29

#2 45 18-47 28.4 27.0 19

#3 134 18-49 32.9 32.5 28

#4 187 18-50 329 33.0 32

#5 73 18-49 30.7 29.0 26

#6 52 18-50 32.6 33.5 24

#7 206 18-50 30.3 29.0 29

Table 1 The age distribution estimators and the numbers of members in each of the seven segments.
The age range is very close to equal for all segments.

Queries were: (a) biological sex, (b) education level, (c) relationship status, (d) frequency of non-
BDSM video consumption, (e) frequency BDSM video consumption, and (f) frequency of
masturbation. The responses were categorical variables ranging from A-B (for (a)) to A-I (for (d), (e),

and (f)). The encodings of the categorical responses are listed in Table 2.

Porno Video Consumption
(non-BDSM)

Once in 2 or 3 months

About once a month

Porno Video Consumption

(BDSM) Once in two weeks

Once a week

Masturbation Frequency Multiple times a week

Almost every day

Attribute Encoding | Encoding Property
Biological Sex A Female

B Male

A Elementary Schooling
Education Level B Vocational School Level

C University Entrance Level

D University Degree

A Single

B Partnered
Relationship Status C Married

D Divorced

E Widowed

A Never

B Rarely

C

D

E

F

G

H

I

At least once a day




Table 2 The response options for each of the queries in the questionnaire.
Methods: All responses are categorical random variables, some of them ordinal. These may not be

mapped into cardinal integers (Blalock, 1960). Rather, we employ one-hot encoding (Murphy, 2012)
to extract a feature vector for all responses of each individual. The construction of the 38-dimensional

feature vector (known as ‘one-hot-encoding’) will be described below. The data set thus is a 38 X 881

matrix.
Population Population
Category (thousands)
A <1
1-5

C 5-20
D 20-100
E 100-1000
F >1000

Table 3 The population sizes of the municipalities (villages, towns, cities) in which the respondents
to the questionnaire lived.

An example of one-hot encoding: for the query “relationship status”, there are five possible responses
(Table 1). The feature vector for the response for this query is thus 5-dimensional. Response “A” is
encodedas(1 0 0 O 0),response “B”isencodedas(0 1 0 0 0),response “C”is
encodedas (0 0 1 0 0)— andso on. We observe that these feature vectors are (a) orthogonal
— their scalar product is 0 —, and therefore each individual’s response is independent of another
individual’s response, and (b) the norm of each feature vector is 1 — the feature vectors are all
normalized —, so no metric is introduced by one-hot encoding of the response. Each individual has,
however, responded (in this study) to every one of 6 queries. For example, let us assume that three
responses to the first three queries are “B” of two options), “D” (of four options), and “C” (of five
options). The feature vectors for these query responsesare 3 X (0 1),1x(0 0 0 1),and
1x( 0 1 0 0).The feature vector of all five responses, obtained via concatenation, is thus

15-dimensional: (0 1 0 1 0 1 0 0 0 1 0 O 1 0 0).Notice that the feature
vector is no longer normalized (its norm is v/5) and there are internal dependencies among the
components. Because, for the questionnaire (Table 1) of this study, there are 6 responses, the
(concatenated) feature vector for each individual’s responses is 38-dimensional (2 +4 + 5+ 3 X9 =
38), and has norm v/6; there must exist (very many) interdependencies. No 38-dimensional feature

vector in the sample need be orthogonal to any other 38-dimensional feature vector.

In order to make use of these interdependencies, we use a neural network with seven layers — an auto-
encoder (Mohri et al., 2018; Strang, 2019). The input is the 38-dimensional feature vector, and the

output is a 38-dimensional feature vector. The middle layer has, however, 3 nodes. The algorithm
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finds the weightings of the connections between nodes so that the output equals the input (based on a
convergence criterion). The 3 nodes of the central layer therefore generate a 3-dimensional vector that
has removed the interdependencies between the 38 components of the input feature vector. We can
map these 3-dimensional vectors (called the “dimension-reduced feature vectors”) in 3-dimensional
space (Fig. 1).
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Figure 1 The distribution of the dimension-reduced feature vectors of the 881 individuals in the
sample analyzed in this paper. Some individuals have identical reduced feature vectors, so there are
667 points in this graph. The colors identify the points belonging to one of the 7 different
clusters/segments obtained by K-means clustering.

The points in 3-dimensions generated by the dimension-reduced feature vectors are not uniformly
distributed (Fig. 1). We attempt to find a clustering of these points. Of the many clustering algorithms
(we experimented with 7 different ones), we found that the K-means clustering algorithm generated a
reliable clustering: seven clusters were generated (color-coded in Fig. 1). In this manuscript, we call

the obtained clusters segments.

We can “backtrack” the outputted coordinates within each cluster to determine the components of the
inputted 38-dimensional feature vectors, and, consequently, the respective query responses. We use

this method and present the summative statistics as heat maps in Fig. 2.
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We are interested in how attributes of the members of the segments (their sex, their education level,
and so on) associate with the population category of where they live (at the time when they

participated in the questionnaire).

As a first step, we check for uniformity of the contingency table (population category versus segment
number) with a y?-test. As we elaborate in greater detail below, the test outcome is far from

informative.

We therefore employ a much more informative investigation tool: Correspondence Analysis (CA;
Greenacre, 2007; Beh & Lombardo, 2014). This tool is based on a Singular Value Decomposition
(SVD; Leon, 1998; Strang, 2019) of the scaled contingency matrix. Further details in the Results

section.
Results and Discussion

Results:

Clustering: The K-means clustering algorithm outputted 7 clusters, with a varying number of members
in each cluster. Table 2 lists the number of members in each cluster and Fig. 1 shows the spatial

distribution of the dimension reduced feature vectors of the clusters.

For each labeled segment (each cluster), we tally the responses for each query and generate a heat map

that describes the tallied responses (Fig. 2).
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Figure 2 The heat maps of the relative frequencies of the attributes of the individuals in each of the
seven segments detected by the K-means clustering algorithm of the dimension-reduced distributions
of the 881 individuals (Fig. 1).

Segment Descriptions: We proceed to describe the characteristics of members in each cluster, derived
from the heat maps.

Segment #1 (“The Conventional Ones”) (Fig. 2a): Although ‘only’ roughly % of the sample, these
members are best described as the ones with no unusual sexual attitudes in a libertarian society.

Females and males are almost equally distributed; roughly % have vocational education and roughly %

have a university degree. Roughly § are married and few are divorced. Non-BDSM porno video
consumption is largely between ‘hardly ever’ and at most fortnightly. BDSM porno video

consumption is between ‘never’ (~ ;) and ‘hardly ever’ (~ %). Masturbation frequencies occur between
‘hardly ever’ (~ %) and once or twice a month (~ %).

Segment #2 (“The sexually desiring males with low education”) (Fig. 2b): The members of this
segment are ~ % of the sample; they are best described as predominantly male with very high sexual
consumption (evidently mostly non-interactive; ~§ are unpartnered). Roughly % have vocational
education and roughly % have a university degree. Both non-BDSM and BDSM porno video

consumption is more than once a week (more than daily for ~ % of the members). Masturbation
frequencies are very high, from de facto daily to several times a day.

Segment #3 (“The females with very low sexual activity”) (Fig. 2¢): The members of this segment are
~ % of the sample; these (de facto) female members are best described as those with very little sexual
consumption, having rarely watched a non-BDSM video and never watched a BDSM video. They are

predominantly partnered (~ %); rarely widowed (~ %). Roughly é have a vocational education and more

1 . . . .1 . 1
than 3 have a university degree. Masturbation frequencies are split: ~ 3 rarely masturbate, while ~ 3

masturbate a few times per week.
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Segment #4 (“The males with very, very high sexual activity”) (Fig. 2d): The members of this segment
are ~ % of the sample; these (de facto male) members are best described as those with very high
consumption of non-BDSM videos but who never or hardly ever watched a BDSM video. They are

predominantly unpartnered (~ %); some are married (~ %). Roughly % have vocational education and %

o . . . 2
have a university degree. Masturbation frequencies are very high: more than 3 masturbate weekly or

more than once weekly.

Segment #5 (“The females with hardly any sexual activity”) (Fig. 2e): The members of this segment
are ~ % of the sample; these (de facto female) members are best described as those with no
consumption of either BDSM or non-BDSM videos and who never masturbate (with a small exception

of ~ %). They are either unpartnered (~ %), in a relationship ( ~ g), or are married (~ %). Roughly é have
vocational education and i have a university degree.

Segment #6 (“The unpartnered males with extremely high sexual activity”) (Fig. 2f): The (few)
members of this segment are ~ % of the sample; these (de facto male) members are best described as
the those with a very high consumption of non-BDSM videos (g daily) and an extremely high

masturbation frequency (more than % masturbate daily and ~ % more than once daily). Surprisingly,
their BDSM video consumption frequency is mixed; it is almost uniformly spread across the whole

range. They are predominantly unpartnered (~ %) or in a relationship ( ~ %) but rarely married. Many

1 .
(almost E) have a university degree.

Segment #7 (“The rarely partnered females with high masturbation frequencies”) (Fig. 2g): The

members of this segment are ~ i of the sample; these (de facto) female members are best described as
the those females with a high fraction of university degree (almost %), predominantly without a

relationship (%) or partnered — but not married (%) — and a high masturbation frequency (% from

fortnightly to daily; others even more).

Commonalities within all segments: We note that (biological) sex is unbalanced in all of the segments
(but close to being balanced in Segment #1). We also note that extreme responses (namely, response
categories beyond “G”) to non-BDSM and BDSM porno video consumption, as well as masturbation

frequencies, are sparsely represented.

Overall, we can observe certain identifiable characteristics of individuals in each segment. These
characterizations are often derisively characterized as “stercotypical”. Remarkably, irrespective of

their being labelled as such, they indeed are identifiable characterizations. For example, females in
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Segment #2, #3, and #5 live in villages and small towns (see below). Their sexual attitudes are very

inhibited (‘conservative’). The warning is: take note of the fraction of the sample population.

We know that the members in the different segments are characterized by different sexual attitudes, be
it the frequency of their consumption of non-BDSM or BDSM porno videos and/or their frequency of
(self-reported) masturbation. Fig. 3 shows that their distribution of observed frequencies appears non-

uniform (in every segment), because the number of members in the different segments differ among

one another.

Segment

H1 H2 "3 H4 H5 H6 =y

37.5% —
35.0% —
325%
30.0%
27.5%
25.0%
22.5%
20.0 %
17.5%
15.0 %
12.5%
10.0 %
75%
5.0%
25%

Figure 3 The demographic distribution of the members of the segments (the contingency table). The
demographic categorical variables (columns) are the labels of village/town/city size in which the
members live (Table 3). The segments are listed horizontally. The numbers in each square are the
number of members of a segment living in the population category. The color coding of each square
is the fraction of the members in a segment living in the respective population category.

Contingencies between segment characterizations and demography: Fig. 3 shows the contingency
table for the relationship between population category and segment label. A test for uniformity of this
contingency table is, of course, a y*-test (Baguley, 2012). However, this test only specifies the
probability of observing an inhomogeneous distribution; it does not reject the null hypothesis of the
homogeneity of the distribution. In fact, assuming that a low probability of the y?-test outcome rejects
the null hypothesis is known as the “Prosecutor’s Fallacy” (Spiegelhalter, 2019). Krzywinski &
Altman (2017) write: “Unfortunately, the P value is often misinterpreted as the probability that the
null hypothesis (Hy) is true. This mistake is called the ‘Prosecutor’s Fallacy’. [...] Thus, a small P
value (for example, P = 0.05) merely tells us that an improbable event has occurred in the context of
this assumption.” Apart from being hardly informative, there exist two further shortcomings of the y?2-
test: (a) the outcome of the test (the significance) does not inform the investigator of how the

inhomogeneity (if present) results in the observed distribution, and (b) what fraction of the distribution
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(uniform or otherwise) is due to noise. These shortcomings are overcome by applying Correspondence

Analysis (CA; Greenacre, 2007; Beh & Lombardo, 2014). We apply both the y?-test and CA to

determine the demographics of the segments and, by implication, any possible associations (not:

correlations — the response levels are categorical) between characteristic sexuality attributes (via

segment labels) and population categories (sizes of the residences of the participants).

For the y?-test: we obtain a significance of 0.596. We repeat: this value simply states how likely or

unlikely it is to observe this distribution of demographic categories, without allowing a conclusion

about the validity of the null hypothesis. A value of 0.596 thus indicates that this result is not unusual

if one assumes the null hypothesis of uniform distribution — nothing more (Altman & Krzywinski,

2017).
Index No. Singular Value (Singulzal‘ Value)? Fraction Cumulative Fraction

Aindex Aindex (Y0) (%0)
1 0.160 0.0256 47.3 47.3
2 0.129 0.0165 30.5 77.8
3 0.0790 0.00625 11.5 89.4
4 0.0746 0.00556 10.3 99.6
5 0.0139 0.000192 0.4 100.0
6 0 0 0.0 100.0

Table 4 Program output of the SVD (singular value decomposition; Leon, 1998) of the contingency
matrix (Fig. 3) after scaling (Beh & Lombardo, 2014).

We apply a SVD to the (scaled) contingency table and obtain the list of singular values, their squares

and their contributions to the squared Frobenius norm (Table 4); the scree plot of the squares of the

singular values (Fig. 4) indicate that three singular values extract the non-noise fraction (89.4%) of the
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Figure 4 The scree plot of the squares of the singular values of the SVD of the rescaled contingency
table. The sum of the squares of first three singular values contribute 89.4% to square of the

Frobenius norm of the scaled contingency table (Table 4).

squared Frobenius norm (Leon, 1998). The listed squared singular values of the (normalized)

contingency table indicate that there is an observed association between segments (columns) and
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population categories (rows) and these associations can be visualized in a graph (Fig. 5). In contrast to
the y?-test, which only informs us whether the entries are uniformly (or close to uniformly)
distributed, CA informs us that there do in fact exist associations between rows and columns of the
contingency matrix — by extension, associations between size of residence and sexual attitude

segment membership.

Fig. 5 shows these associations. They were determined by applying the DBSCAN clustering algorithm
(Ester et al., 1996) to the (3-dimensional) coordinates resulting from SVD. We can observe the
associations of the segments with the population sizes of the respondents’ residences. Segment #1
associates most strongly with D, Segment #4 associates most strongly with E, and Segment #6
associates most strongly with F (cities with more than 1 million inhabitants). We note that Segment #7
associates with none of the population categories; consequently, sexual attitudes exhibited by
members of Segment #7 are uniformly distributed across all population categories. Segments #2, #3,
and #5 associate most strongly with population categories A, B, and C (i.e., villages and small towns

with up to 20 thousand inhabitants).

Figure 5 The results of a Correspondence Analysis of the detected association between the segments
and the population categories (sizes of villages/towns/cities; Table 3). The red symbols are the
segment labels; the purple capital letters are the population categories.

We note that three segments (#2, #3, and #5) have 252 members (29% of the sample), but that the
sexual attitudes in these segments differ considerably. For this reason, the members in the different
segments may not be considered uniform in their sexual attitudes, despite living in villages and small
towns. Remarkably, segment #2 contains predominantly male members who are sexually very, very
active, both with regards to porno video consumption and masturbation frequency. Segments #3 and

#5 contain predominantly women who live in these villages and very small towns. These women — in
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contrast to the males who also live in these villages and small towns — have remarkably subdued
(‘conservative’) sexual attitudes. Stereotypically phrased, the women seem to adhere to a lifestyle
which seems to enforce refraining from sexual desires, sexual inquisitiveness and sexual release

activity. The males seem to be sexually frustrated and seek release in contrary behavior.

Discussion: In our study we have used a suite of novel methods based on Artificial Intelligence and
unsupervised clustering algorithms. They revealed that different clusters characterizing individuals
based on their sociodemographic characteristics, two kinds of pornography consumption, and sexual
self-gratification frequencies. Our outcomes are comparable to findings in other, mostly Czech,
studies. It should be pointed out that Czech society is considered very open-minded and tolerant (in
politically liberal terminology) in issues sexual (Widmer et al., 1998). However, in contrast to
previous findings, we discover that there are sizable fractions of the Czech society that cannot be

characterized in this way.

For this study, a large fraction of the sample was recruited so as to be representative of the Czech
population aged 18—50 years. As Table 1 shows, this is indeed the case. No sample has only
participants less than 45 years of age. Fig. 4 also shows that the distribution of participants across the
population categories is quite uniform (the y?-test also shows this). Therefore, any non-uniformity of

age (and, for that matter, education, etc.) is due to the peculiar sexual attributes within each segment.

Education levels: the education level “C” (completed secondary schooling) is, in every segment,
represented with a low percentage. This low percentage is unavoidable, because, in ‘advanced
societies’ (i.e. those with a well-structured tertiary education system and an adequate economic base),
students of secondary schools habitually proceed to colleges, universities, etc. Only due to the
coincidental timing of questionnaire participation with the transition from secondary school to
institutions of tertiary education will the low fraction of category “C” be noticed. In any case,
inspection of segments illustrated in Fig. 2 show that no characterization differences between the

segments are ascribable to the low fraction of this group of participants.

Issues concerning stereotyping: Characterization and description of attributes of members in the
different segments has been called ‘stereotyping’ by (typically politically focused) critics.
Nonetheless, the statistical methods presented here document that such stereotypical descriptions are
not only apt, but also well supported by our findings. We find, indeed, that certain ‘types’ of males and
females are most likely to be found in villages and small towns, and other ‘types’ in large cities. This
begs the question as to whether the population categories infer sociological descriptors, such as
‘libertarian’, ‘conservative’, ‘non-progressive’, and so on. We note that (a) such sociological
categories seem to exist and are made manifest in the sexual attitude variations between segments; and
(b) sociological attitudes can be detected by the porno video consumption and differing masturbation

frequencies in the different segments. These clusters are statistically independent units (and refute
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claims about the expression of certain traits being normally distributed in the population; del Giudice,

2009), an observation that should be helpful for guidance of future therapeutic and research work.

We find that our statistical methodology is very powerful in detecting two aspects of sexuality-related
porno consumption and self-reported masturbation frequencies. Because we have analyzed a large
sample (881 participants) that has a very close to representative distribution throughout the Czech
Republic, we anticipate possible similarities in such attribute distributions, concomitant with
demographic categories in other nations with comparable infrastructure, well-structured tertiary

education system, and advanced (more high-tech than manufacturing) economies.

In order to detect possible clustering of the registrations in CA, we used the DBSCAN clustering
algorithm (Ester et al., 1996), because it is an unsupervised clustering algorithm, meaning that the
number of clusters is not externally controlled. The associations between population categories and

segments relies on DBSCAN’s performance advantages.

Non-self-evident patterns: It may seem frustrating to the reader of this manuscript that patterns in the
heat maps are not self-evident (Fig. 2): the separations are often (weakly) transient. This is, however, a
consequence that a// the registered categories are interdependent. When searching for patterns, we
humans have a tendency to look at one or two categories in isolation. Outputs of neural network
algorithms expressly do not cater to this, because (the unobserved) interactions are also present as

confuters in the heat maps.

Overlap of the sexes: We first address specific findings that relate to previous published ones. First, we
find that the segments are never composed of individuals of solely one sex. Other published findings
show a large overlap between sexual preferences even though the benefits for a member of one
biological sex need not be evidently present in the other (Binter et al., 2013). There may be a large
difference between the sexes (Del Giudice, 2009) but that does not infer zero membership of the other

sex in a segment. In our detected segments, 4 out of 7 have at least 15% of the other biological sex.

Segment #1 contains 20.9% of all participants, (41% male). Members have a positive attitude towards
sex and enjoy pornography, but more as an inspiration (Smutny & Sulc, 2018) than as primary means
of satisfaction; they can be considered non-problematic users (Logue, 2018). The largest segment,
(Segment #7, with 23.4% of all participants), consists mainly of females (84%) who are rather
experimental and (sexually) open-minded, and share the characteristics of non-problematic porn use
with the Segment #1. Individuals in this segment, we note, have a high consumption of BDSM
pornography.

For two segments (#2 and #6) we observe the compulsive use of pornographic materials, as has also
been observed in other studies (Gaither & Sellborn, 2003; Vaillancourt-Morel, 2017; Logue, 2018).

Members of Segment #6 are largely unpartnered men who prefer non-BDSM pornography. They are

located in Prague (the only city in the Czech Republic with more than 1 million inhabitants) and are
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highly educated. Therefore, the unavailability of partners cannot explain their sexual attributes. For
members in Segment #2, on the other hand, the porn consumption and high masturbation frequency
can be ascribed to a compensatory mechanism due to the unavailability of a consensual partner
(Binter, 2013; Smutny & Sulc, 2018). These — predominantly male — members have low education
level and live in towns and smaller cities; their position on the partner market is low (Edlund &
Sagarin, 2014). Their high BDSM video consumption suggests a compensation mechanism and
(presumably) masturbation while watching such movies putatively serves as a fulfillment of their
sexual drive (Smutny & Sulc, 2018). These two segments, in which the masturbation frequency is
maximal (daily or even more frequently), constitute approximately 11% (5.11 for #2 and 5.90 for #7)
of the participants — in agreement with Smutny & Sulc (2018), Many other studies dealing with
problematically high pornography consumption also find fractions of approximately 10% (Castro-
Calvo et al., 2020). One suggested mechanism could be the repeated gratification caused by a
‘supernormal stimulus’. Such a ‘supernormal stimulus’ (PriSova et al., 2021) is based on tuning one’s
perception system so as to maximize gain (Buchholz et al., 2021) when presented with a variety of
stimuli, one of which is perceived as “better than real” (such as an oversized egg made of plaster is
preferred by birds over their own eggs; Tinbergen, 1953) — a preference that is occasionally
maladaptive. It should be especially frustrating for these men to share community space with women

from Segments #3 and #5!

Segments #3 and #5 have two commonalities; one is residency in small towns (resulting in a decreased
chance of meeting partners), and the other extremely low pornography viewing frequency. The Al
algorithms detected a difference, however: members of Segment #5 have a low sexual drive when
estimated via masturbation frequency, while members in Segment #3 have a varied propensity to
masturbation (also including high frequencies thereof). Remarkably, Segment #3 includes the highest
proportion of divorced individuals and lowest of singles. Segment #3, we suspect, contains the
members that have a low sexual activity for social reasons. Perhaps some of these individuals may be
transiting between partnerships. A different suite of possibilities is: these people (a) have low socio-
sexuality (Penke & Asendorpf, 2008), (b) may have had few sexual partners since their sexual

maturation, and (c) are a priori sexually inhibited.

Conclusions and Recommendations

The use of a neural network for analysis overcomes several statistical challenges. One is the ‘curse of
dimensionality’. The neural network reduced the dimensions from 38 to 3, discarding noise (by
reducing entropy) without discarding any information (namely, the interdependencies — including
nonlinear ones — between the components of the original 38-dimensional feature vector). The use of
clustering algorithms can detect commonalities between segments of the population: what sexuality
attributes (masturbation frequency, porno movie/video consumption, and partnership relationship —

which itself is also a sexuality indicator!) they possess at the time they completed the questionnaire. In
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the Discussion section, we provided indicators that the common features of the respondents are more
than indicators of plausibility; we provided rigorous arguments why the commonalities of the
members in each segment do indeed demonstrate that a stratification of the sexuality attributes in the
Czech population can be detected by using artificial intelligence.

Neither the sexual attributes nor the participants’ demographics are uniformly distributed. Of utmost
(medical and psychological) concern are members in segments that exhibit overly compulsive sexual
behavior, such as masturbation (accompanied by porn video consumption) far beyond normal. In fact,
‘normal’ consumption can be detected by the Al methods we implement herein. Arguably, ‘normal’
can be defined using Al. Those members with overly compulsive behavior are in need of help.
Sexologist and therapeutic specialists involved with attempting to help these people can gain helpful
insight as to how such compulsive behavior is interrelated with frequencies of masturbation, and with
BDSM and non-BDSM porno video consumption. Members of the opposite extreme, those with very
suppressed sexual activity and hardly any consumption, may also be in need of therapeutic
intervention. Evidence for this need is rare; society, it seems, does not consider these people to be in
need of a more fulfilling sexual gratification.

Furthermore, we find that the observed stratification of sexuality has a demographic aspect. Certain
types of sexual attitudes are found only in villages and small towns, whereas in large cities all sexual
attitudes are present, albeit in varying distributions. This is, to our knowledge, the first study that

provides such data-based associations.
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5 Conclusion: Are Paradigm Shifts Achievable in Human Sexuality

Research?

Currently, the status of research into human sexuality is mainly driven by traditional
psychological methodology. Now research has reached a point where this traditional mode
has become more and more wanting, — because, among other issues, a majority of
elementary topics remains uncovered. It is by no means clear that psychological explanations
(be they founded in some semblance of a theory or not) do justice to the biological
manifestations of human sexuality. Arguably, the biology drives the psyche, and not the
psyche drives the biological response. This reverse of cause-and-effect is due to our
observations of notable changes in the world around us. It is filled not only with humans, but
with their technology, specifically, in the context of this thesis, audiovisual presentations,
wearable sensors mapping the state of physiological state of a wearer at any given moment,
and virtual realities that also include sexuality driven ones, such as pornography.
Enhancements of the electronic hardware drive analytical approaches. Analysis now is driven
by the hardware department, not by attempted refinements in quasi-humanistic perceptions of
humanity. Arguably, far more complex methods of analysis are required; seemingly never-
ending discussions about what to include and what to discard in questionnaires do not offer
adequate (insightful) progress. Not unexpectedly, magnitudes of data sets that include metrics
have exploded, necessitating advanced statistical analyses that are far beyond comparisons of
means and correctly applied ANOVA. The manifestation of sexuality in the world is more and
more affected by the entertainment industry, and, whenever there is a new technology, it is
immediately adopted and engulfed by sex-related topics. Even populations that were not
drawn in in the past now participate. Superficially, it is arguable that most of these
advancements are predictable and do not necessitate a paradigm shift. The virtual stimuli
creation itself also does not constitute paradigm shift — so this argument claims — since a
gradual and accepted increase in the ability (and availability!) of technology and the
concomitant modifications of predictions were known since 1960s.

Now, however, when we can achieve a certain level of believable alternative-world (or
otherworldly?) creations, these will allow us (and force us) to fool ourselves not only
sensually. This novel Umwelt (in the Uexkiillian sense) will soon become a fascinating
environment because the boundaries of the real-world will then perceptually no longer exist
and it will fuse with the virtual and augmented reality so as to constitute a Brave New World,

hopefully without the insinuated irony. Presently, we find ourselves trapped — while the
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Uexkiillian Umwelt gains momentum. It is not yet cheap enough nor of high enough quality
to be an all-purpose playing field for the budget- and time-constrained research environment.
And we should not forget the lack of ethical boundaries and safety-fuses. This Brave New
World will generate not only new sexuality, but also a new paradigm of how to think about it.
Of course, the biological determinants will not disappear, but how we theorize about them
will require a radically different approach as to how hypotheses are formulated (if at all) and
whether there exist hypotheses that can be tested. In the future, we argue, the Umwelt will
force us formulate new theories. I note that theories can be tested without formulating testable
hypotheses.

There are many parallels of how this happened in other realms of science, not only the over-
simplified and popularized Kuhnian paradigm shift from the Ptolemaic to the Copernican
universe. When Bunsen discovered the existence of spectra, chemists embarked on identifying
the presence or absence of elements in any environment they could observe, even at very low
concentrations of the elements to be observed. The surprise came when spectra were
discovered that did not allow for the identification of an element. The unidentified spectrum
was discovered by Fraunhofer and chemists, physicists and astronomers were required to
postulate the existence of a further element: Helium. Likewise, a careful measurement of the
fraction of Nitrogen in the atmosphere forced Ramsey to postulate the existence of a whole
new group of elements in the Periodic Table of the Elements: these are the Noble Elements.
(Ramsay called them “Noble Gases”, because the technology needed to liquefy these elements
was not available in his time.) The paradigm shift is obvious: a tool devised to enhance the
understanding of the chemists’ world now forced chemists to think differently about this
world — an altogether different world; namely one in which elements existed that were
inaccessible to their laboratories. The merging of the world holistically perceived (in a neo-
platonic sense) and attempted to be understood by traditional, psychology-driven sexuality
researchers with the virtual world of computer games and online pornography transforms how
to theorize about human sexuality, accompanied by radically novel methods of data
evaluations. The analogy of the paradigm shift in chemistry from reaction chemistry to
spectral chemistry resulted, ironically, in chemists realizing that there exist elements that
don’t react. The discovery of expressions of human sexuality in the world of online
pornography and other phenomena in the world of virtual reality necessitates a paradigm shift
from hypothesizing in greater detail about human sexuality to a radically different aspect of
human sexuality. In both cases, however, these paradigm shifts neither discard the world of

chemical reactions nor the world of sexuality that is the basis of reproductive success. So —
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to be specific about sexuality — constructivist musings that human sexuality has nothing to
do with reproduction and enhancing fitness in the biological sense is analogous to the
misperception of chemists no longer being interested in chemical reactions. The (radical)
paradigm shift in chemistry that lead to the incorporation of quantum mechanics is the same
as the (radical) shift in the research about human sexuality that necessitates the use of
wearables and application of neural networks. I argue for the following in this thesis: our
perception of human sexuality is insufficient: we need to base human sexuality research much
more in biological contexts (sensory perception is, after all, a biologically understood
phenomenon).

Where we can see (and also expect) the paradigm shift is in the analytical approach. The
current system of research focusses on the very exact description of all the details about the
hypothesis creation, data collection, data handling, hypothesis description and comparisons of
putative outcomes. In many cases pre-registration, uploading to servers in form of “pre”-
publication, as adopted from physics, is a useful pre-condition for high-ranking publication.
Any deviation from this path to academic respectability threatens the career of the researcher.
Alas, it ensures the perpetuation of fallacious and antiquated (woefully inadequate!) analytical
methods of data analysis: supporting hypothesis that describe noise and not true signals,
falling victim to the curse of dimensionality, handling ordinal data as scales, and computing
indices. It seems ironic that the advent of the paradigm shift to studying human sexuality as an
expression of a biological substrate is accompanied by a paradigm shift to statistical analyses
away from point Laplace paradigm defined estimators to Bayesian statistics involving
likelihood functions and towards the machinery of neural networks and clustering algorithms.
There are many particularly well established researchers who have been creating a barrier to
prevent the unleashing of the novel approaches described in this thesis. These barriers we
have experienced personally multiple times in the form of responses to conference
presentations and in severely incompetent reviewer comments about submitted manuscript to
prestigious journals. We have received feedback on our work in human sexuality that is closer
to sect-like behavior (to quote one reviewer: “I do not understand it therefore I do not believe
it; do it the way I do it.” And, to quote another one: “I do not believe your statistics and so |
recommend rejection of your submission.”) than to the oft-claimed mantra that peer review
ensures quality. Angry avoidance of paradigm-shift related discussions and behind-the-back
criticisms by some researchers maintains the belief in continuums of personality measures and

the usefulness of correlation.
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After one hundred and twenty years of approaches based on point estimators and 60 years of
use of NHST, despite the knowledge of its fallaciousness, there is space for improvement and,
more specifically, adoption of advanced reliable, rigorous methods. Many of the analytical
approaches that were, in the past, limited by the computation prowess. The world was
analyzed by the slide rule (and Nobel Prizes won by using it); it was, in some way, the best
tool available until the 1970s when the personal desk-top calculator was invented; in those
days, the methods of evaluation had to be simple enough to be handled. Computational
prowess, powerful algorithms, and massive data sets do not infer that the hypotheses-testing
approach should be continued. Confidence in established methods is no guarantee of their
validity. Limitations in prowess, fallacious algorithms and small data sets are rapidly
disappearing, and the majority of data-driven sciences (astronomy, particle physics,
economics, genetics) is already relying on appropriate analyses. It is time for research into
human sexuality to do likewise.

Advanced technology has entered our home gadgets, our pockets and our sexuality.
Irrespective of what the dangers, risks and benefits are there are, developments in other fields
will trigger applications that will be used in sexual entertainment and will necessarily force
human sexuality researchers to focus on these. Online pornography was not available at all
until 1990s and reasonably fast audiovisual porn sites with high resolution appeared in the
early 2000s. Now, VR webpages are readily available, as well as many additional computer
devices and pleasure enhancers. In the near future, human sexuality research will have to
come to terms with these interdisciplinary phenomena. Advancements in some many fields:
stimuli presentation, objective measurement availability, big data availability, and analytical
tools can fall into the lap of researchers whenever they actively seek it. Two examples: cookie
tracking allows for incredible data acquisition and the seemingly innocuous smart-watch has
sensors that approach the quality of medical grade devices, and can be employed for very
many physiological measurements.

Imagine a world in which the sexual behavior with real biological partners is combined with
the stimuli from augmented or virtual reality; your physiological activity is continuously
tracked, and your sexual arousal is enhanced via scenario adjustments that employ brain-
computer interfaces. The latter not only acquires high-accuracy data, but its continuous
analysis also keeps you safe. That may be the world in few years from now. Sex-researchers,

get ready.
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Exploring the Pathways of Adaptation an Avatar 3D Animation
Procedures and Virtual Reality Arenas in Research of Human
Courtship Behaviour and Sexual Reactivity in Psychological
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Abstract

There are many reasons for utilising 3D animation and virtual reality in sexuality
research. Apart from providing a mean with which to (re)experience certain
situations there are four main advantages: a) bespoke animated stimuli can be
created and customized, which is especially important when researching paraphilia
and sexual preferences; b) stimulus production is less expensive and easier to
produce compared to real world stimuli; c¢) virtual reality allows us to capture data
such as physiological reasons to stimuli, that we would not be able to otherwise
(without resorting to self-report measures which are especially problematic in this
research domain); d) ethical, legal, and health and safety issues are less complex
since neither physical nor psychological harm is caused to animated characters
allowing for the safe presentation of stimuli involving vulnerable targets. The
animation sub-group has been exploring so far several production quality levels
and various animation procedures in a number of available software. The aim is to
develop static as well as dynamic, interactive sexual stimuli for sexual diagnostic
and therapeutic purposes. We are aware of number of ethical issues related to the
use of virtual reality in proposed research are analysed in this chapter.

Key Words: 3D animation, sexual response, virtual reality, paraphilia,
psychophysiology, partner choice.

fdekfd

The processing power of computers has been growing exponentially, propelling
the emergence of a whole new set of tools for displaying and experiencing digital
data. Text-based interfaces were gradually replaced by moving images before
computers finally grew able to handle large sets of 3D coordinates, enabling the
first interactive experiences taking place in virtual space.

More recently, advances in technology that harness the increasing power of
computer hardware has made great strides toward making virtual reality (VR)
environments feel as believable as possible.

Although VR has traditionally been considered an enabling technology for
videogames, given its versatility and increasing sophistication, it comes perhaps as
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no surprise that VR methodology is quickly gaining a foothold in areas outside
entertainment.

Military, education and healthcare are but a few examples of fields where VR
technology experiences a significant growth. The ability to visualize and re-enact
practically any real world scenario from within a lab or a training facility has
proven to be exceedingly useful whilst being safer, less costly and far more flexible
than more traditional experimental or training methods. Moreover research areas
such as psychiatry are frequently utilizing VR as a diagnostic tool allowing
scientists to produce accurate diagnosis by utilizing it in combination with other
methods such as MRI scans, psychophysiological measures, self-reported data,
observational inputs (by third person).'

In 2015, National Institute of Mental Health has been established as a new
centre of research and leading institution in Czech Republic for psychiatric
treatment as well as psychological and diagnostic research. The institute comprises
more than thirty research groups with various specialisation. We are an inter-
disciplinary research group of Evolutionary Sexology and Psychopathology, that is
interested in several research topics ranging from investigating factors relating to
sexual orientations, sexual activity preferences (e.g., sado-masochism), and sexual
pathology, and behavioural aspects of sexual relations such as non-verbal
behaviour, power and dominance. Currently, we are working to develop techniques
in 3D animation and virtual reality that can be applied in our studies. Our projects
demand us to recreate various social interactions that cannot be manifested in
reality, in VR, to later serve as stimuli in an experimental study. This goal
introduced us to a number of technical challenges stemming from the fact that we
needed to accurately recreate human (non-verbal) behaviour, including
gesticulations and facial expressions, with a high degree of reality.

Because manual creation of such animations requires a considerable time
investment and the qualitative outcome of the process can vary, therefore we
currently explore the idea of developing stimuli using motion sensors which allow
us to record the given social interactions performed by real actors and then
translate the recordings into animations. We believe that systems such as motion
sensing device” in combination with relevant motion capture software packages,
e.g. Faceshift or iPiSoft, may represent a viable framework allowing us to record
various social interactions for their later accurate recreation in virtual reality. It is
also considerably less expensive and more time efficient. Once generated,
animations can be mapped over any 3D figure representing a virtual human, thus
allowing for the speedy generation of different versions of any potential stimuli.

The potential benefits of recording human animations using motion sensors are
further amplified when considering that such recordings can be translated in more
robust 3D packages, such as Maxon Cinema 4D or Autodesk MotionBuilder, for
further adjustments since these provide the user with ready-to-use motions and
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possibilities of blending existing ones with those developed by using motion
capture.

Generating realistic virtual human characters is another significant challenge
for our research. However the time generally required to create and manually
texture sufficiently detailed 3D models prompted us to investigate alternative
approaches. Solutions such as DAZ Studio or MakeHuman were found to offer a
comparatively time efficient framework allowing us to procedurally transform
basic humanoid models into desirable characters with relative ease.

Virtual characters can be brought to life through animations captured with a
motion sensor and can finally be used to populate interactive virtual environments
using the Unity 3D game engine. Our evaluation and estimation - comparison of
costs, time efficiency, easy and intuitive operating, possibility to transfer data to
other software, error rate, and hardware setting - suggests that such a pipeline
might provide us with the most viable results.

Bellow we present an example of two research designs (dealing with timely
topics in the field of sexology), where the possible application was discussed for
years but the technology was not in reach and/or the software was not on today’s
level of accuracy and graphics to serve well to the research aims.

2. Current Applications

2.1. Application 1: The Study of Ontogeny of Nonverbal Courtship Behaviour
in Women

One of the most important choices made by an individual is the selection of a
sexual partner.’ Previous studies have described a system of non-verbal
communication labelled ‘courtship’ that facilitates successful access to individuals
of the opposite sex.* A number of studies® were focused on courtship behaviour
especially in adults but there is minimal knowledge about development of non-
verbal behaviour in childhood and young adulthood. The research is focused on
ontogeny of female courtship behaviour during the lifespan which is a topic that
has not been investigated in detail yet, but has important implications for treatment
of various paraphilic disorders. Particularly, it is unknown in what age category the
courtship behaviour appears, how it is modified during the lifespan and if there are
inhibitory mechanisms that allow men to detect and sexually react exclusively on
nonverbal courtship displays of women in reproductive age. Therefore, in this
research, we focus on a) detection and animation of pure non-verbal behavioural
displays in females of various age categories, and b) on perception of courtship in
different age groups by male raters.

Therefore we decided to use motion capture followed by 3D animation to
capture the nonverbal behaviour of six age categories of girls and women (age
categories chosen to cover important periods of psychosocial development in
females®). The intention is to combine movements obtained from motion capturing
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sensors with avatars of physical features corresponding to various age (in
experimental setting) to test the reactions on pure nonverbal irrespective of
variability in physical traits of target stimuli.

In the first step, the actors-volunteers representing each age category will be
asked to present non-verbal behaviour displays of courtship during which
movements are tracked by motion sensing sensors. The instruction are as follows:
‘Imagine an attractive man and act in a way you would gain the attention of a
potential “partner””. The sub-adult volunteers’ will be asked to interact with an
unknown but sympathetic adult person of the opposite sex in a friendly manner.®

Then, we intend to create the stimuli rated by men of more age groups under
the experimental conditions as follows:

1. Sub-adult avatar animated with courtship non-verbal displays
of a female of the same age category,

2. Sub-adult avatar animated with courtship non-verbal displays
of an adult female,

3. Adult-looking avatar animated with courtship non-verbal
displays of sub-adult female,

4. Adult-looking avatar animated courtship non-verbal displays
of an adult female.

If adult males rate adult female avatars animated with courtship non-verbal
displays of sub-adult females as comparably attractive to adult avatars animated
with non-verbal displays of adult female we would reveal that courtship is learned
through imitation of post-pubertal models (parents, etc.). If the adult avatar
animated with behaviour of a sub-adult female is rated as less attractive than the
adult avatar animated with adult behaviour, it supports the theory favouring the
explanation that courtship develops from age specific general social behaviour.

2.2. Application 2: The Study of Sexual Variation: Prevalence across
Population, Physiological and Neural Correlates During
Experimental Exposure to Erotic Stimuli

In the next project, we plan on using the VR for development of stimuli that
would allow us to determine whether an individual has paraphilic sexual
preferences - with a specific focus on Paedophilia. Particularly, we test the theory
that the etiology of paedophilia is linked to inappropriate content of sexual
motivational system.” Namely, there should be the appetence of non-verbal
behavioural displays presented by children in affiliative situation that are false
detected/misinterpreted as courtship behaviour and have a potential to start-up

88



Jakub Binter et al. 5

sexual reaction, whilst in normal population (heterosexual males attracted to adult
women in reproductive age) these displays inhibit sexual reaction as well as
negative proceptivity - rejective or startled reaction. In the project, the target
subjects will be presented in VR by animated avatars with appropriate nonverbal
displays'® while the psychophysiological reaction of male subjects is measured
(PPG," GSR,"” ECG").

To create the behavioural displays patterns of stimuli, we will ask female actors
to act out positively - flirtatiously (friendly for children) towards a potential sexual
partner (an unknown but sympathetic adult for children), in second situation
negatively and will display rejection towards a partner (hostile for children). The
dyadic interaction between two actors will occur but only target stimuli will be
captured. The final sequence (avatar with nonverbal behavioural displays) will then
be presented from first person perspective (point of view of person interacting with
target stimuli) to evoke the feeling of interaction (from point of view of the
interacting partner - unique to our study). This will allow for the creation of virtual
versions of the video stimuli using 3D avatars as target objects that have several
advantages:

1. Avatars of average faces and bodies can replace the actors,

2. Physical traits of objects can be manipulated (we will create
set of paedophilic target stimuli in paraphilia-related preferred
age groups (based on current scientific research), possessing the
typical physical features of the child in the appropriate age group
and having age-typical friendly non-verbal behaviour displays),

3. Avatars can replace actors in phase of receptivity/copulation,

4. Avatars can be presented in 3D reality using oculus rift,
evoking the feeling of real interaction.

To our knowledge, only one research team worldwide has already successfully
employed avatars corresponding to different developmental stages in study of
paraphilia.'* For this study we will obtain three samples - volunteers with no
paedophilic preference, volunteers with paedophilic preference but without history
of child abuse (from paedophilic community we closely cooperate with) and
patients with paedophilic disorder with history of child abuse who will voluntarily
undergo the procedure. As part of the procedure we will measure physiological
reactions such as penile tumescence, simultaneously with galvanic skin response,
electro cardio graphy, and fMRI'" data will be collected during the procedure to
explore reactions in different participating groups.
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3. Ethical Constrains

We are aware of numerous ethical controversies connected with the proposed
research topics - especially because the study involves children-actors as
participants and stimuli. We already went through large amount of consultations of
stimuli content with forensic experts and judge advocates in field of sexology. We
do have a permission of ethical committee'® to run the study and it is supported by
representatives of mental hospitals in field of sexology we closely cooperate with
since there is urgent need for development of standardized set of stimuli for more
accurate testing of paraphilic preferences.

In first study, we believe fewer controversies will occur since the aim of the
study is generally non-conflicting with Czech law.

For study 2 child-actor- based avatars will not be presented in the erotic pose, the
main focus is on child - typical nonverbal displays in avatars. Also we guarantee
strict anonymization of data, in all parts of study and special attention will be
focused on blindness of researches to individuals diagnoses, volunteer participation
of all individuals, training of researchers/clinicians in techniques of communication
on sexual topics/debriefing, intimacy assurance during testing and security
arrangement during testing and after testing - skilled psychologist and psychiatric
doctor will be present in all times and the supervising MD will be available for
case of complications of any kind. Participants will be debriefed with non-
interesting neutral film for purpose of lowering excitation of the participant lasting
30 minutes and will be contacted in time periods of 12 hours, 36 hours and one
week after participation. No person will be forced to participate and everyone is
allowed to end the procedure at any time. To avoid risk of unexpected
complications during commuting, patients (and volunteers) will be transported to
Institute on our expenses.

Notes

' Matthew Price and Page Anderson, ‘The Role of Presence in Virtual Reality
Exposure Therapy’, Journal of Anxiety Disorders 21.5 (2007): 742-751.

2 In our case Kinect 2 - body, and Intel RealSense - facial expressions.

> Monica M. Moore, ‘Nonverbal Courtship Patterns in Women: Context and
Consequences’, Ethology and Sociobiology 6.4 (1985): 237-247.

* Ibid, 237-247.

Karl Grammer, ‘Strangers meet: Laughter and Nonverbal Signs of Interest in
Opposite-Sex Encounters’, Journal of Nonverbal Behavior 14.4 (1990): 209-236.

5 Moore, ‘Nonverbal Courtship Patterns in Women’, 237-247.

Grammer, ‘Strangers meet’, 209-236.

% Erik Erikson, ‘Eight Ages of Man’, in Childhood: Critical Concepts in Sociology,
(2005): 313.
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7 Age categories under 15; parents will obtain the detailed script of the scene
before they underwrite the informed content about the participation of their child in
the project

¥ Just introducing themselves in a way to gain the attention of the adult.

? Kurt Freund and Ray Blanchard, ‘Phallometric Diagnosis of Pedophilia’, Journal
of Consulting and Clinical Psychology 57.1 (1989): 100.

' Adult man and woman, children of both sexes aged 6-7 years.

" Penile plethysmography (PPG): measurement of penile responses to stimuli that
vary on the dimensions of interest. It is considered to be a specific measure of
sexual arousal. For simultaneous measurement of PPG and fMRI we will use MR
compatible custom-built penile plethysmography recording system HEINRICH
SOM-04.

12 Galvanic skin response (GSR): measuring electrical conductance of the skin
using electrodes placed on a patient's body. Increase of sweat glands is considered
to be signal of emotional excitement. We will use standard GSR equipment of
Biopac systems.

" Electrocardiography (ECG): recording the electrical activity of the heart over a
period of time using electrodes placed on a patient's body. Increase of electrical
activity is considered to be signal of emotional excitement. We will use standard
ECG equipment of Biopac systems.

' Renaud Patrice, Trottier Dominique, Rouleau Joanne-Lucine, Goyette Mathieu,
Saumur Chantal, Boukhalfi Tarik and Stéphane Bouchard, ‘Using Immersive
Virtual Reality and Anatomically Correct Computer-Generated Characters in the
Forensic Assessment of Deviant Sexual Preferences’, Virtual Reality, 18.1 (2014):
37-47.

"> Functional Magnetic Resonance Imaging (fMRI) is well-suited method for
studying local and network brain functional correlates of psychological processes.
fMRI uses Blood-Oxygen Level Dependent (BOLD) contrast, reflecting amount of
oxygenated blood in an area, as an evidence of neural activity Measurements will
be conducted using 3T Siemens device.

'® On National Institute of Mental Health, Klecany, Czech Republic.
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Abstract. Virtual reality technology allows designing of immersive virtual
environment that might be used for diagnostics and treatment of persons with
minor sexual preference that is ego-dystonic or is perceived as dangerous to
society. We do operate with the theoretical framework that is based on sexual
motivational system, which we reintroduce. The eye tracking, electroen-
cephalography and galvanic skin response in combination with phalopletys-
mography — the change of penile tumescence in male users are data to be
collected to distinguish between sexual arousal and stress. The bio-cybernetic
loop will consist of combination of positive and negative feedback loop to
diverge the scenario. The biofeedback training should allow us to shape the
preference by employing biofeedback training of suppression of the arousal to
previously created scenario. This procedure might allow better diagnostics and
treatment. Although we have in mind individualization of scenario creates
problems in comparison during diagnostic phase, and is more important in case
of future therapy. The resulting adaptable GNU software will be available to
partner and other interested research centers.

Keywords: Virtual reality - Bio-cybernetic loop - Biofeedback - Sexual
paraphilia - Diagnostics

1 Introduction

For decades, we may trace the growing interest in design of a direct human-computer
connection amongst professionals, enthusiasts, and even public. Until constructing first
bio-cybernetic loop (also human-computer interface) [1], the human-computer rela-
tionship may be best described as monologic — the initiation has always been on the
side of human and all input are highly asymmetric. The standard control of the com-
puter is implementing the keyboards, mouse, joysticks or various types of touchpads,
and more recently touchscreens. The volume of information that one person would
gather on/from computer is much higher than the computer could gather about the
person who is in control. A dialogue, two-way information sharing, would be much
more advantageous since there is very specific population that is mostly disqualified
from using standard ways of controlling electronic devices i.e. users with disabilities.

© Springer International Publishing Switzerland 2016
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There are several approaches to enable their engagement in computer control. The first
and currently easily accessible interface is a voice-control that allows a user to execute
the additional activity while using their hands for primary activity simultaneously. So,
in this case we can talk about the monologue even literally. Electroencephalograph
(EEG) has also been implemented to allow paraplegic users to control their electronic
devices.

EEG was originally, in HCI context, applied to diagnose specific brain activity and
distinguish between several mindsets such as engagement in the task or extreme
workload. That is why NASA has adopted this technique to diagnose pilots’ ability to
cope with specific situations that can occur during aerospace operations for example
[2]. The examples listed in this contribution do relate to the unidirectional information
flow from human to computer. These examples can also state control measures during
psychological testing to obtain data about the subject’s attention where adaptation is
not undergoing analysis based on the EEG data [3]. These approaches are characterized
by the fact that does not need real time feedback and might be analyzed retrospectively
but are generally applicable to non-patient population.

With a priority to focus more on the dialogic options, we might set an extension of
the above mentioned examples to change the environment based on the information
obtained through psychophysiological measures [4]. Users of such loop are often
healthy users and one of the intended implementation is in area of entertainment. We
are informed about ongoing research on other applications of bio-cybernetic loop in
psychology related research.

While there are unquestionable benefits raising from adoption of such approach, we
may trace related risks. The gameplay relation must be executed in a real-time or
close-to-real-time mode of analyses and adjustment. The user and gaming-like appli-
cation need to set up a sort of co-evolution while using such a platform, especially in
the initial phases. In other words, the butterfly effect of player-game interaction will
occur [5]. That avoids comparative measuring of players’ gameplay performance due to
differences in gaming environment design as each players’ gameplay establishes an
individualized environment for each player. The same problem we can spot when using
bio-cybernetic loop for scientific use, namely diagnostics. In our research, we attempt
to challenge this premise.

Currently, we do proceed with a research on (above-listed options) at the Labo-
ratory of Evolutionary Sexology and Psychopathology associated with National
Institute of Mental Health in the Czech Republic.

2 Current Research

Our recent research activity has been including as one of the team priorities a focus on
utilization of immersive virtual reality technology and animated avatars design. We
may list a number of benefits when implementing virtual reality technology in sexuality
research such as: (a) bespoke animated stimuli can be created and customized, that is
especially important when researching paraphilia (unusual sexual preference) and
sexual preferences; (b) stimulus production is less expensive and easier to produce
when compared to real world stimuli; (c) virtual reality allows our researchers to record
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data such as physiological reasons to stimuli, data that would be normally not available
to capture before (without resorting to self-report measures that are especially prob-
lematic in this research domain); (d) ethical, legal, and health and safety issues are less
complex since neither physical nor psychological harm is being caused to animated
characters, which allows for the safe presentation of stimuli involving vulnerable tar-
gets [6].

This research intends to combine the various approaches and design a diagnostic
tool and training environment for users with various difficulties such as social,
developmental and, since it is our primary interest, sexual preference disorders that will
allow us to more accurately diagnose, and possibly treat these users.

The final product interface/software with adaptive environment control should be
available to wide public since all patents we would produce would be of GNU General
Public License and can be adapted for various implementations. Namely, we would
like to employ the bio-cybernetic loop for diagnostic purposes of people with unusual
(in scientific literature also called minor) sexual preferences such as pedophilia or
sexual aggression. For each case, the loop will be applied in a specific way as described
further.

2.1 Theoretical Framework of Paraphilia

First, we should explain theoretical approach to paraphilia that is being employed for
better understanding of the loop design and paradigm of changes. Currently, the
research in its entirety to be primarily focused on men since their sexual reactivity is
object and activity specific as opposed to women, who seem to exhibit much less stable
sexual preference and reactivity. Also male paraphilics are much more common,
therefore scientific literature on female paraphilia is rather scarce, and male offenders
are more dangerous to society than female ones. Moreover, there is relatively high
concordance between self-report measures of male sexual arousal and measures
obtained by using psychophysiological measures. As for preference of object (usually a
person, but not necessarily) and activity we feel need to give decryption of terms used
further in text. Preference for sexual partner of adult age is called teleiophilia and in the
article it will be used as opposite to pedophilia which can be described as predominant
preference for sexual partners that are underage, in research usually defined as being
between 4 and 12 years of age (even though we are aware that the complete opposite is
gerontophilia — predominant preference for partners of elderly age).

Also we will use description of two types of sexual behavior towards partner
differing based on consent. The usual preference during which the partner is cooper-
ative and willing will be called consenting. People with this preference do have con-
ventional sexual preference and usually are healthy controls'. The second type,
coercive, where aggression and pressure is present and the sexual intercourse is initi-
ated even when the sexual partner is non-consenting. This distinguishes such prefer-
ence from consensual sado-masochistic preference where is also present certain degree

! Non-patient population used to show contrast between specific participants and “normal” population.
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of violence but both partners are consenting, and the interaction can be interrupted at
any moment. To be able to diagnose and treat patients with unusual preference we need
to understand etiology of such preference.

One of the influential theories having its origin in research conducted in the Czech
Republic attempts to explain various unusual sexual preference as an expression of a
common “underlying disorder” is the theory of disruption of Sexual Motivation System
derived from the model of “courtship disorders” by Freund [7] and the “theory of
vandalized lovemaps” by Money [8]. SMS posits premise that sexuality can be seen as
hierarchically ordered and an interconnected system of particular sexual motivation
levels that refer to a sequence of courting behaviors found in female mammals
including humans and corresponding male reactions. According to the SMS approach,
pre-intercourse cognitions of a female sexual object and its sexual interest precede the
start of male sexual reaction and successful sexual act. Particular parts of male SMS
system are:

e Attractivity (attention to a sexual stimulus with specific physical traits, e.g., adult
female)

e Proceptivity (appetence for signals of female attraction to a male and attempts to
seduce),

e Receptivity (appetence for signs of female readiness to copulate and of cooperating
copulative behavior) [9].

Importantly, SMS theory suggests that the hierarchy of behaviors and their specific
cognitive patterns occur sequentially. That is, the fulfilment of lower motivation levels
must be achieved for the next step in motivation to be employed (e.g., attractivity must be
complete before proceptivity is employed). If the motivational levels occur out of
sequence, or some are omitted, the system inhibits sexual arousal (e.g. proceptivity of a
female without previous attraction to her). The first two phases are key phases to
understand unusual sexual preferences. In the first one, attractivity, the object (most likely
person of preferred age and sex) plays major role. Male heterosexual teleiophilic would be
attracted to adult female, male homosexual teleophilic would be attracted to adult men.
Male heterosexual pedophile would be attracted to underage girl and male homosexual
pedophile would be attracted to underage boy. In the second, proceptive, phase it would
decide whether the courtship would be consenting or coercive (based on positive or
negative signals coming from the sexual object chosen in phase of attractivity).

2.2 Environment

The research that includes the bio-cybernetic loop design has an objective to design
environment that will enable for testing of sexual preferences, or rather distinguishing
between various (above described) pre-defined preferences. This type of testing method
is especially helpful when combined with immersive virtual reality environment and
implementations of near-photorealistic designed avatars. The implementation of virtual
reality environment will offer to design (technically speaking) infinite amount of
realistic appearing avatars with a goal to increase the fit of preference of each person
tested. This is especially advantageous in case of studying preference of sexual
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aggressors and pedophiles since in both cases they seem to “have a type”. In other
words, the person does prefer certain characteristics such as specific age, sex, color of
hair and eyes, etc. The first part of the procedure is aimed to determine the preferred
type of interacting avatar.

The environment itself will be created in one of the commercially available game
engines. We are still in testing phase of the study and based on the outcome, Unity” or
Unreal® game engine will be used to meet criteria such as immersion, photorealism, and
loop design functioning. Preferably, there will be no animated objects or other avatars
in any of the scenarios. We expect that the environment does not need to be complex
since the attention should be focused solely on the interacting avatar itself. In case of
out of the door scenario, the city environment will be used with unified color and light
conditions will be controlled since eye-tracking and pupilometry used during this phase
are light-condition sensitive procedures. Indoor scenario will always take place in same
looking room, with low complexity for the above mentioned reasons. All scenarios will
be presented from first person perspective.

The avatars will be interacting in the same manner, the same (on scientific literature
[10] based, consenting and coercive) behavior — the movement will be the same (except
for underage avatars, as described lower in the text). For this purpose, prototypic types
of appearance respecting avatars will be pre-made. The expected amount is 10 avatars
of each sex and age group to capture the variability of population. In the first set, only
Caucasian race will be present since racial diversity of Czech population is very low.
There will be four age groups present in the stimuli sets: (a) 4-6, (b) 10-12, (c) 14-16,
and (d) 20-25 years of age. The age groups are based on previous scientific literature
and Tanners development stages. In total, there will be 10 (appearance) X 2 (sex) X 4
(age) = 80 different types of avatars. Each avatar will also be presented in consenting
and coercive proceptive behavior (80 X 2 different types of stimuli). Also sexual
activities represented for each avatar type will be presented but in this case, only genital
interaction (of neutral age) respecting the sex of the preferred avatar will be presented
(2, penile-vaginal or penile-anal intercourse) for ethical reasons. The total amount of
stimuli prepared for this study will be then 162.

Four time-loops with same amount of behavioral displays of each type (consenting
and coercive) will be created to create illusion of ongoing interaction for case of pro-
longed exposure in training with a possibility of terminating the loop and starting a new
one, with fluent change. In case of biofeedback, we expect that there can be two possible
ways of visualization. One is to present the person with bars representing degree of
arousal and stress. The other, perhaps more useful in later stages of training, is pro-
cessing of saddle color changes in the environment, such as color filter engagement,
respecting certain amount of stress and arousal. Or only specific object color change can
be applied (e.g., vase on a table will change color on a scale from blue to red, clock will
change time based on arousal (minute hand) and stress (hour hand) to allow biofeedback
training with smaller amount of disruption of the situation, which we find novelty. The
whole project is under development and actual outcome may differ.

2 https://www.unrealengine.com/what-is-unreal-engine-4.
3 https://unity3d.cony/.
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2.3 Procedure

The participant will be comfortably seated in room with all the equipment ready,
researcher will attach all the sensors. Participant will be asked to attach the
head-mounted-monitor (if compatible, eye-tracking is available, if not, monitor and
eye-tracker will be used). Neutral movie with controlled light environment will be
presented to obtain basal levels of psychophysiological measures.

First, the participant will be virtually walking on a street (speed will be adjusted) and
on each side of the street there will be an avatar of certain type. Since visual attention and
sexual preference are in concordance in men, as was shown in past research, the type of
avatar that will be given attention will be automatically further developed in scenario.
During this part, EEG data will also be collected to distinguish the preference. We expect
that avatars will be presented wearing clothes, but possibly they will be presented naked
in case of adult ones and in swimming suit for case of children. The decision logic will be
tested but by now we expect that the hierarchy of choice will follow these lines: sex
(male vs. female), age (10-12 years old vs. adult avatars) — in case of preference of
underage avatar, all three underage categories will be tested against each other. Number
of trials will be chosen based on pilot study and specific physiological reaction,
expectedly EEG data will be used, accompanying the eye-tracking procedure. Once age
and sex are selected, other properties will be tested as well.

As an alternative to this procedure there is one suggested by Patrice Renaud and his
colleagues, using magnetic resonance [11]. In this scenario, the age of pre-chosen sex is
dynamically changing and based on psychophysiological reactions during certain
period of presentation, highlighting the age of avatar can be used as decision-making
procedure. Such design is especially helpful in treatment in future phases.

Nevertheless, once the looks are decided, the scenario will shift to interior spaces
where the avatar will be presented in the non-interactive manner to fulfill the phase of
attractivity. Length of presentation will be also adjusted based on pilot study and
individual reactivity. As next, both, coercive and consenting proceptivity will be
presented in randomized order directly followed by receptivity (sexual act). During all
phases, psychophysiological measures will be collected to distinguish between the
above mentioned sexual preferences. As control condition, non-preferred avatar will be
presented in the same scenarios and data from both conditions will be compared. The
same will follow, but this time the appearance will be kept, but proceptivity will differ.
In case of clear negative reaction (change of EEG pattern, change of galvanic skin
response are expected variables) towards the stimuli, the scenario will be changed.
During the calibration phase, self-report data will be also collected. This will allow us
to create profile of preferences that the person has for future testing.

Such scenarios will be, in case of patients, saved for case of bio-feedback training
during which the person will learn how to cope with their sexual preference.

Since one of the intended implementation of the loop is treatment and behavior
adjustment, the biofeedback training will be employed. Based on previous diagnostic
session, the scenarios will be created respecting the appearance and activity that the
tested person exhibited. In case of participants with sexual preference that, for legal or
personal reasons, needs modification, alternative scenario, respecting target preference,
will be constituted. In the next part we will use original scenario — the one based on
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participant’s preference, and target scenario — the one that is respecting legal, or per-
sonal (in some cases) boundaries.

In phase of biofeedback training, during scenario presentation, the tested participant
will be exposed to visual representation of his mental state, especially sexual arousal
and stress (generally negative reaction). The aim of the procedure is to enhance par-
ticipant’s ability to suppress their sexual arousal in inappropriate scenario, but also to
maintain control over their negative and stressful reaction during periods of suppres-
sion. In ideal world, we would hope to enhance ability to consciously increase arousal
in the appropriate scenario.

Since the theory of SMS is based on hierarchical model where each phase is
followed by hierarchically higher motivation (attractivity => proceptivity => recep-
tivity), we can let the participant stay in specific phase for all the time needed to
achieve the goal and change the scenario based on outcome of the previous phase.

2.4 Sample of Participants

Since we want to use the diagnostic tool to distinguish between males with usual
(homosexual teleiophilia is considered usual sexual preference) and unusual sexual
preferences based on the age they prefer (child or adult), sex they prefer (male or female)
and type of proceptivity (positive and negative). For this reason we decided to ask
patients with the matching sexual preferences (pedophilic preference, sexual aggressors,
approx. 15 of each preference, 30 in total) and healthy controls (male heterosexuals and
homosexuals of matching age, with no history of sexuality related problems, approx. 40)
to participate in the study. All participants will go through procedure of sexual diag-
nostics before participation and rules for ethics of psychological research will be strictly
obeyed. Advantage of use of these target groups is also that each target group reacts by
positive reaction and sexual arousal to presentation of stimuli that match their preference
but has rather negative reaction towards all other categories of stimuli.

2.5 Measurements

In the past research, many potential problems of measurement have been identified.
The primary problem is that representation of mental state by changes in psy-
chophysiological measures does not have to be linear. For more, the psychophysio-
logical change can relate to more than one state. And vice versa, one state can be
demonstrated in more than one psychophysiological measure change.

In the existing scientific literature, it has been recommended to use more than one
measurement to represent the mental state of a person. As suitable for such loop
construction several psychophysiological measures were suggested. Among these, eye
tracking4 and pupilometry’, galvanic skin response®, electrocardiography’, data about

* Area of visual attention related data are collected to estimate area of interest.

5 Measuring the size of pupil to estimate mental states.

6 Measured to estimate level and type of excitation.

7 Data about heart rate change will be collected to distinguish between emotional states.
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respiratory rate®. Newly, we would like to add penile-pletysmography” on the list of
measures used to construct bio-cybernetic loop, since it is one of measurements with
relatively high accuracy and is well studied in scientific literature [12]. Also elec-
troencephalography is possibility that will be considered since scientific literature
shows that specific emotional states can be represented by changes in electrical activity
of the brain and specific response is demonstrated when their preference matching type
of stimuli is presented. The advantage is that since different part of human body are
used to collect data, more measurements can be collected simultaneously resulting in
possibility of using variety of combinations to define mental state more accurately. All
of the above mentioned measures have also been used in research of human sexuality
individually or in combination, and we believe we will create functional loop based on
these measurements. Process of testing is described lower in text.

2.6 Equipment

For this study we dispone with dedicated experimental room at National Institute of
Mental Health of Czech Republic. The bio-cybernetic loop will consist of: personal
computer (HP Envy gaming series 2015 desktop seems to meet the our requirements so
far) — head mounted display (e.g., Oculus Rift, FOVE or 4 k phone display) — human —
device for psychophysiological data collection — computer. We will employ BioPac
MP'? as the device for psychophysiological data acquisition allowing the collection of
more physiological measures simultaneously, when special modules, present in the lab
to be added to the device. All of the above mentioned psychophysiological measures
can be measured using one single device. The device also can be used for signal
amplification and redirection of the data to computer to close the loop.

Specialized software is to be used to collect data about the user, as an interface, and
set thresholds on individual variables allowing storing individual profiles of tested
participants in memory. The software will also be used for visual representation of
mental state, or single variable(s), on the screen for the bio-feedback training in later
phases that are not described in this article. Also, we will use a device for self-report
data acquisition preferably of a lever construction with possibility of visual represen-
tation of choice on the screen to allow employ the head-mounted monitor on. Virtual
reality environment is currently developed and tested in Unity 5 game engine, while
Unreal 4 having as a possible alternative. All devices and software are being tested with
the goal to identify and optimize the virtual environment production pipeline (capacity,
compatibility, efficiency, and ease of use).

2.7 Testing Process and Development of the Loop
Testing of the loop will follow 6 phases suggested by Fairclough [13]:

8 Collected since it is related to emotional states and for more is under voluntary control.
° Data about penile blood flow are collected to estimate sexual excitement.
19 Device for psychophysiological measurement data acquisition.
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1. Conceptual Model (s) — Model of psychological states during specific situations was
put together based on scientific literature to conceptualize specific user behaviors. In
our case we made bipolar labels of possible reaction on stimulus. As mentioned
above, we expect rather sexual positive reaction on preference matching stimuli and
rather sexual negative reaction on all other categories of stimuli.

2. Psychophysiological Interference — At this stage we have elected and chose psy-
chophysiological measures to represent each mental state. Namely, we focused on
eye tracking data, EEG, and PPG measures for which scientific literature is very
clear and we will test all other variables in combination to find best possible
solution. All participants will go through all possible testing scenarios collecting
data from psychophysiological measures as well as self-reports. Also there will be
phase during which they will have possibility of voluntary decision in times where
the future loop would make scenario shift.

3. A Quantified Model of User State — We will develop the way in which the user state
or behavior is represented within the bio-cybernetic loop. The minimum require-
ment of the quantified model will be that the user is represented with sufficient
fidelity to enable the process of adaptation within the loop. In other words, the target
states that drive the adaptive logic of the loop will be clearly defined during this
part.

4. A Real-Time Model of User State — Based on previous generic formulation defining
“data space” the model to trigger adaptation in real time. The model will be pop-
ulated with criteria and classes that define regions of user state representation. Also
individual user customization of thresholds possibility will be brought out in this
stage.

5. Design of Adaptive Interface — The way that the loop makes adaptations will be
tested during this testing phase. Main concern would be whether the change is
efficient and noticed or not by the participant, and the change is in concordance with
researcher’s expectations and matches preference of each tested target
group. Testing will also focus on concordance with self-perceived adequacy of the
change and states before and after change will be compared to see whether the
change does not create confusion or immediate notable change in participant’s state
showing that the change can be rather disturbing.

6. Evaluation — During this stage all benefits of creation of bio-cybernetic loop will be
considered and analyzed, and the result will be compared with possibility of direct
testing or use of other method to reach the goal of research.

The loop will be designed as a combination of positive and negative control loop,
so called “toggling loop”. Negative control loop has been proven to be more stable and
seem to be advantageous in cases in which psychological comfort and wellbeing during
testing is preferred. In all instances of testing and biofeedback phases there will be
“safe” (neutral) scenario for case of procedure induced stress where participant would
be redirected if needed. The positive control loop is applied in case of scenario
diverting (for each sexual preference based on change of psychophysiological changes
during presentation of the stimuli) but will have control in negative control loop to
ensure the stability and control for time variable.
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2.8 [Ethical Aspects of the Proposed Study

There are a number of ethical issues associated with the design and use of physiological
computing systems. This technology is designed to tap private psychophysiological
events and use these data as the operational fulcrum for a dynamic HCI. The topic is
even more tormenting since the primary use of this loop is sexual diagnostics which is
very sensitive topic in general, for more it is related to sexual acts that are in conflict
with law (pedophilia and sexual aggression).

All personnel directly participating on this research are skilled researchers of
human sexuality with years of training, trained psychologist and a medical doctor will
be present for case of need of intervention. After the whole session, there will be time
for debriefing that will take approx. 20 min and will consist of watching neutral video
about traveling (to induce calm emotional state), and short consultation with a skilled
psychologist. The debriefing will be prolonged in case of complication. Permission of
institutional review board will be obtained before the whole study will be conducted
and all participants will be informed about sexual nature of the experiment and will be
clearly informed that they can terminate their participation at any time. We also
guarantee strict anonymization of the data as well as blindness of researchers to
individual sexual preferences during testing phase. Underage avatars will not be present
in the erotic pose; the main focus is on child typical nonverbal displays in avatars.
Consultations of stimuli content with forensic experts and judge advocates in field of
sexology is clear.

3 Conclusion

We would like to emphasize the option to design an environment that is based on user’s
preference and allows for more accurate diagnostics than currently available method-
ology due to possibility of authoring the stimuli to fit user’s preference in appearance
and behavior. This should allow us to distinguish between sexual aggressors, pedo-
philes and healthy controls. We do consider two mental states, sexual arousal and stress
(negative reaction), that will allow us to distinguish between preference for such stimuli
or aversion towards it in male users. As a theoretical framework for minor sexual
preferences, we have decided to apply a theory of sexual motivational system that can
be seen as hierarchically ordered and an interconnected system of particular sexual
motivation levels that refer to a sequence of courting behaviors. In phase of attractivity,
the looks and appearance will be selected, in second stage, proceptivity, the consent
related behavior will be decided. The advantage is that persons with chosen minor
preferences are known to be highly reactive towards preferred stimuli and do not react
(by arousal) to other types of stimuli, the opposite is valid for healthy controls who are
rather repulsed and vice versa. To distinguish between the two mental states, we will
collect data about eye gaze, brain activation, and galvanic resistance of skin in com-
bination with the change of penile tumescence. There will be total of 162 stimuli
needed to be created to fulfill the criteria of testing. We hope that once the user is
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correctly diagnosed with sexuality related disorder and the therapy is needed, the
biofeedback training will allow them to suppress their arousal in inappropriate situa-
tions and hopefully to shape it toward more socially and personally acceptable pref-
erences. We are aware of numerous ethical issues related to such procedure but only
skilled and experienced professionals will participate on the whole procedure.
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Pii méfeni pohlavni sexudlni vzruSivosti se Casto vyuzivaji erotické stimuly v podobé
napiiklad fotografii, videi ¢i 3D avatarl. Neexistuje vSak standardizace téchto stimulll, které
by umoziiovaly maximalni moznou odpovéd’ méteného jedince.

V sexuologickém vyzkumu jsou casto vyuzivana meéteni sexudlni odpovédi, ktera nam
poskytuji cenna data o sexudlnich preferencich méfenych osob. OvSem jednou z potizi pfi
takovém vyzkumu je fakt, ze stimuly, které jsou uzivany k navozeni sexudlni odpovédi, dosud
nebyly dostateéné standardizovany. U zen je shoda udavané a meétené preference nizka.
Oviem tento vysledek miize byt pouhym artefaktem dosavadnich metod méfeni. Zeny jsou
ovSem schopné velmi dobie ohodnotit vzhled a pfitazlivost jinych Zen, coz je pravdépodobné
zpusobeno tim, ze vzhled je jednou z primarnich forem kompetice mezi Zenami (Fisher,
2004). Jednou z charakteristik muzského vzruSeni je, ze svého vzruseni jsou si muzi, na rozdil
od zen, védomi a jejich fyziologicka reaktivita je ve shod¢ s jejich udavanou preferenci. Toto
plati pro pohlavi, vek, a také vzhled Zeny, kterou preferuji (Rosenthal et al, 2011, Chivers a
kol., 2007).

Znaky, které jsou povaZovany za atraktivni, jsou také ¢asto spojovany s vysokou genetickou,
respektive fenotypickou kvalitou a vyvojovou stabilitou (Thornhill, R., a Meller, 1997). Bylo
opakované prokazano, ze hormondlni hladiny, v pfipad¢ Zen zejména estrogenu, pozitivné
souvisi s atraktivitou (Thornhill a Grammer, 1999). ZvySené hladiny estrogenu ovSem pusobi
negativné na imunitni systém, coZ znamena, Ze pouze v ptipadé€, Ze je zena dostatecné odolna,
vyvinou se u ni pohlavné typické znaky ve vétsi mitfe (Thornhill a Grammer, 1999). Vyssi
hladina estrogenu, a tedy 1 znakli na jeho hladin€¢ zavislych, také souvisi s vySSim
reprodukénim uspéchem (Thornhill a Gangestad, 1996). Reaktivita na takové stimuly je také
obvykle nejvyssi (Chivers a kol., 2007).
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Muzi, a Zeny, pii hodnoceni atraktivity partnerky zohlednuji vice, nez jeden prvek (oblast),
naopak obvykle celkovou atraktivitu tvoti kombinace jednotlivych samostatné hodnotitelnych
oblasti. Tyto oblasti (naptiklad obliCejova atraktivita, atraktivita téla, hlasu, Fraccaro a kol.,
2010, Meller a Pomiankowski, 1993; Thornhill a Grammer, 1999) jsou obvykle studovany
oddélené. OvSem tzv. teorie mnohocetnych signalu (multiple message theory;, Wells a kol.,
2009) poukazuje na fakt, ze kazda Cast je sice hodnocena zv1ast, nicméné nasledné je celkovy
dojem porovnavan a tvoti celkovou vnimanou atraktivitu daného jedince.

Ovsem v odlisnych kontextech je kladen dlraz na jiné znaky. V kontextu vytvaieni stimuli
pro métfeni sexudlni odpovédi jsme se proto rozhodli nechat ucastniky vyzkumu hodnotit
stimuly na Skale fyzické atraktivity 1 Skéle sexudlni pritazlivosti. VEétime, ze uziti této nove,
konkrétngjsi, Skaly nam umozni Iépe pochopit tento konkrétni aspekt atraktivity.

Dale jsme se zamé¢fili na dvé oblasti, které jsou pii vyvoji stimuld pro sexudlni vzrusivost,
s ohledem na vzhled zobrazované osoby, velmi dilezité: oblicej a télo. Oblicej je zcela
unikatni evoluéni inzertni plochou. Clovék je adaptovan na to, aby obli¢ej vnimal jako
Gestalticky tvar, tedy holisticky. Oproti tomu t€lo i celd postava jsou vnimany jako bézny
objekt (Szatmari a Labadi, 2015).

Oblicej je povazovan za atraktivni, pokud je symetricky (Braun a kol., 2001), pohlavné
typicky — tedy v piipadé Zen ma malou bradu, tmavé dlouhé fasy, maly nos, velké o¢i, plné rty
a jasnég patrné licni kosti (Perrett et al., 1998).

T¢lo je povazovano za atraktivni, pokud je symetrické (Thornhill & Grammer, 1999). Déle
pak, pokud ma Zena stfedni Body Mass Index (BMI; Tovée a Cornelissen, 2001; Fan a kol.,
2004). Oba extrémy, tedy jak nedostatek, tak nadbytek tukové slozky je povazovan za
neatraktivni a soucasné existuje vyssi riziko neplodnosti (Rich-Edwards a kol., 2002). Dalsim
uzivanym indexem je pomér pasu a bokdi (WHR [Waist-hip-ratio]; Singh a Young, 1995;
Tassinary a Hansen, 1998; Schmalt, 2006) u kterého je povazovan za nejvice atraktivni pomér
0,7. Vzhledem k rozsahu ptispévku nejsou diskutovany dalsi vlivy jako textura kiize, vyska ¢i
konkrétni struktury jako napft. nadra.

Celkové jsou vSak za atraktivni povazovany zeny mladistvého vzhledu, které se blizi
prototypickému zenskému vzhledu se spiSe nizSim mnozstvim télesného tuku (Buss, 1989,
Thornhill a Grammer, 1999), s jednosmérnou odchylkou smérem k vy$simu poméru tukové
tkané u populaci s nedostatkem zdroji — se snizujicim mnozstvim zdroji roste preference pro
vyssi tukovou zasobu.

Vztah atraktivity obliceje a téla byl v minulosti zkouman nedostatecné a vyzkumnici, ktefi se
timto tématem zabyvali, obvykle vyznamné manipulovali vzhledem participantll zakrytim
Casti obliceje, sjednocenim obleCeni, ¢i prezentovali pouze stimuly nahé, pfipadné
prezentovali pouze 10 stimulG (Thornhill a Grammer, 1999, Currie a Little, 2009).
V provedené studii bylo participantim prezentovano 90 Zen obleCenych v bézném obleceni
dle vlastniho vybéru. Vzhled Zeny nebyl nijak upravovan a Zadné ¢asti téla ani obli¢eje nebyly

zakryty.
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Cily studie bylo tedy zjistit, zda se hodnoceni na Skale ,fyzické atraktivity” a ,,sexudlni
pritazlivosti“ bude liSit a déale pak urCeni miry vyznamnosti obli¢eje a téla pro celkové
hodnoceni na obou skalach.

Metody:

Studie se ztcastnilo 101 dobrovolnikd (51 muzi a 50 Zen ve véku 18 az 40 let, primérny veék
zen = 29.86 + 3.04, primérny veék muzi = 21.78 + 2.27). VétSinu ucastnikl tvofili studenti
humanitnich obort, ktefi byli kontaktovani osobn¢ v atriu budovy Karlovy Univerzity
Jinonice (U ktize 8, Praha 5, 158 00). Kritériem pro vstup byl vék mezi 18 a 40 lety, bez vad
zraku, s ptipadnou korekcei brylemi ¢i ¢o¢kami. Kritériem pro vylou€eni bylo zavazné fyzické
&i psychické onemocnéni. Zadny ucastnik nebyl ze studie vylouden.

Participanti byli pouceni o ucelu studie, ujisténi, Ze studie je anonymni a svou Ucast mohou
kdykoli bez udani prerusit. Vék participantli byl kontrolovan vyzkumnikem pii vstupu do
testovaci mistnosti a po pouCeni o studii byli participanti pozadidni o podepsani
informovaného souhlasu. Veskeré hodnoceni a odpovédi participantii byly oznaceny pouze
pfidélenym ciselnym kdédem. Sbér dat probihal v pocitacové uc¢ebné, kde byli usazeni tak, aby
si navzajem nevidéli do monitoru. VSechny stimuly byly prezentovany na 14" monitorech
s totoZznym rozliSenim i nastavenim zobrazeni. Za svou ucast byli odménéni finan¢ni ¢astkou
50 K¢, hodnoceni celkové trvalo asi 25 minut. Projekt byl schvalen etickou komisi PfF UK ¢.
2017/04. S daty bylo naklddano dle zdkona 101/2000 Sb. a data jsou pfistupnd vyhradné
vyzkumnikiim podilejicim se na studii.

Ugastnikim bylo prezentovano 90 stimuldi tfi typl: a) Zena obletena v bézném obleéeni
s viditelnym obli¢ejem, b) Zena obleCena v bézném obleCeni s rozmazanym obli¢ejem, c)
detail oblic¢eje. Kvalita vSech stimuli byla 1041 x 1561 pixelt a fotografie byly ve stejné
kompozici a velikosti. Stimuly byly ziskdny z webovych stranek, které dovoluji stahovani
obrazki k nekomerénimu vyuziti a pochazi z databaze divek, které se ucastnili castingu do
pornografickych filmii, coZ je podstatné pro dalsi casti studie. Ke sbéru dat byl pouzit
software E-prime 2.0 (Schneider, Eschman a Zuccolotto, 2002). Pied zapocetim studie kazdy
ucastnik vyplnil dotaznik zaméteny na socio-demograické charakteristiky a sexudlni chovani.
Kazdy hodnotitel hodnotil stimul na dvou desetistupiiovych Skalach, jejichz definice byla
participantlim prezentovana na zacatku studie:

A) Fyzicka atraktivita, kterou lze chdpat jako miru, do jaké zobrazena osoba (Zena)
reprezentuje predstavu o idedlnim fyzickém vzhledu.

B) Sexualni pfitazlivost, kterou lze chapat jako miru pfitazlivosti, kterou k zobrazené
osobé (Zen€) citi bez ohledu na fyzicky vzhled. Zobrazena osoba muze mit néjaky
konkrétni znak ¢i vlastnost, ktera ji ¢ini (sexualné) pfitazlivou.

Vysledky
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Vicendsobna linearni regrese ukazala, ze Skaly jsou na sobé nezavislé. Tedy hodnoceni na
jedné Skale vyznamné nepfispiva vysvétleni hodnoceni na Skale druhé. Dale byl prokdzan
vyznamnéj$i vliv téla na hodnoceni celkové sexualni ptitazlivosti a naopak vyznamnéjsi vliv
obli¢eje na hodnoceni celkové fyzické atraktivity.

Graf 1: Primérné hodnoceni sexudlni pritazlivosti a fyzickd atraktivity se standardnimi odchylkami pro oblicej,
télo a oblicej + télo
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Graf 2: Odhad fixnich efektd odvozenych z nezavislych modelt sexudlni pritazlivosti a fyzické atraktivityse
zobrazenymi chybovymi useckami

Sexualni pritazlivost
H Oblicej
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Za pouziti stimuli zobrazujicich oblicej, t€lo a celou postavu i s obliCejem devadesati Zen
oblecenych v béznych Satech dle vlastniho vybéru jsme testovali vliv obliCeje a téla na
hodnoceni celkové sexualni ptitazlivosti a fyzické atraktivity. Hodnotiteli byli muzi i Zeny.
OvsSem pohlavi, sexualni orientace ani jiné socio-demografické tidaje neméli na hodnoceni
zadny vliv. To je v souladu s nas§im ocekavanim, nebot minulé studie ukazuji vyznamnou
shodu mezi hodnotiteli, v rdmci pohlavi i mezi pohlavimi bez ohledu na socio-demografické
proménné a tedy robustnost konceptu atraktivity (Buss, 1989, Elliot a kol., 2013).

V psychologickém, respektive sexuologickém vyzkumu je cCasto uZivano zastfeSujicich
pojmi, coz ovsem muze byt nevyhodou, pokud ma vyzkum zcela konkrétni tc¢el. V minulosti
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bylo pfesnéjSi vymezeni zkoumané Skaly pifinosem. Napfiiklad pouziti dopliujici Skaly
modnosti (fashionability) vyzkumnici vysvétlili, pro€¢ jsou zeny hodnoceny jako stejné
atraktivni, kdyz nosi Cervenou a €ernou barvu. Oblékani Cervené barvy piitahuje pozornost
diky své vyraznosti a spojenim s ovulacnim obdobim zeny (Guéguen, 2012, Haselton et al.,
2006). Vyssi hodnoceni cerné barvy vysvétluje jeji modnost (Pazda a kol., 2012).

Skala sexudini pritazlivosti se v nasi studii ukazala byt také nezavislou podslozkou fyzické
atraktivity. To je podstatné pro budouci vyzkum, kdy ocekdvame vyuziti v pfesnéjSim zacileni
otazek ve vyzkumech, které se tykaji praveé sexualni pfitazlivosti, potazmo sexualni odpovédi.

Dal$im podstatnym zjiSténim je, Ze vzhled obli¢eje je pro hodnoceni celkové fyzické
atraktivity podstatnéjsi, nez vzhled téla. To mize byt dano tim, Ze oblicej je stabilnéjSim
znakem, nez vzhled téla (Herman a kol., 2009). Toto zjisténi je v souladu s ptredchozimi
studiemi na podobné téma (napt. Rhodes a kol., 2005; Currie a Little, 2009).

Naopak vzhled téla je podstatnéjsi pro celkové hodnoceni na skale sexualni ptitazlivosti. To je
vyznamné zejména s ohledem na fakt, Ze Zeny byly oblecené do obleceni dle vlastniho
vybéru. V minulosti byl vliv téla na hodnoceni diskutovan zejména v piipadé€, Ze jejich
motivace byla sexudlni, oproti hledani dlouhodobého vztahu (Currie a Little, 2009; Confer,
Perilloux a Buss, 2010).

Hodnoceni obli¢ejové atraktivity a atraktivity téla vSak spolu pozitivné korelovala a ob¢ tyto
slozky tak predikovaly celkovou atraktivitu. Tato zjiSténi podporuji teorii mnohocetnych
signalii (Wells a kol., 2009, Candolin 2003), ktera tikda, Ze jednotlivé prvky ¢i znaky jsou
posuzovany oddélen¢ a poskytuji ndm o jedinci odliSené informace, avSak hodnoceny jsou
poté podle celkového dojmu, holisticky. Tento ptistup byl pouzit napiiklad pfi studii obliceje,
téla a hlasu (Saxton a kol. (2009).

Tyto znalosti nam pomohou v dalSich ¢astech studie, kde se chceme zaméfit pfedevsim na
neverbalni chovani zeny, které, jak bylo ukdzano (Moore, 2010), hraje pfi interakci s
protéjskem dulezitou roli. Dle znalosti feorie mnohocetnych signalu (Wells a kol., 2009) a
vysledkti ze soucasné studie ocekavame, ze chovani bude rovnéz dilezitou slozkou pii
posuzovani fyzické atraktivity a sexudlni pfitazlivosti zeny. Zarovenn bude pozornost
zamétena na konkrétni prvky chovani, které maji na hodnoceni nejvétsi vliv a v zdjmu dalSich
studii je tak vytvofit etogram, ktery by poslouzil pro vytvofeni stimuli pro maximalni
sexualni odpovéd.

Zavér

Nase studie prokézala, Ze ob¢ skaly, byt’ spolu souvisi, jsou na sob¢ nezavislé. To je podstatné
pro budouci studie, které by se méli sousttedit na dalsi faktory, jako je pohyb — neverbalni
chovani — ¢i zdmérna manipulace vzhledu — tedy oblékani a li€eni. Déle jsme zjistili, Ze pro
hodnoceni fyzické atraktivity a sexudlni pfitazlivosti je kladen dlraz na jiné Casti téla.
V ptipad¢ celkové fyzické atraktivity je nejvétSim vlivem atraktivita obli¢eje. Naopak pro
hodnoceni sexudalni pfitazlivosti je télo vyznamnéjsi. Pii tvorbé stimuldl, jejichz ucelem je
vybudit sexudlni odpovéd’ by tedy mél zejména kladen diraz na vzhled téla.
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Ve vyzkumech sexudlniho vzruseni se nejcastéji vyuzivaji erotické stimuly v podobé
fotografii, videi ¢i 3D avatart (Chivers a Bailey, 2005; Freund, 1963; McConaghy, 1999;
Heiman, 1977; Graham, Janssen a Sanders, 2000). Stimuly vyuzivané pro méfeni sexudlni
odpovedi ale nejsou doposud dostatecné standardizované a dosavadni vysledky vyzkumi
navic ukazuji, Ze velmi dilezitym prvkem, ktery ovlivituje muzskou sexuélni reakei, je vzhled
zeny, kterd se ve stimulech objevuje. Sexudlni odezva muzi, kteii se identifikuji jako
heterosexudlni, se totiz ukazuje jako nejvyssi pravé v ptipade€, pokud jsou jim prezentovany
stimuly, na ktery jsou zobrazeny zeny, které odpovidaji jejich vzhledovym preferencim
(Freund, 1963; Chivers a Bailey, 2005; Both, Everaerd a Laan, 2003; Chivers a kol., 2004).

Nejen vzhled, ale také chovani Zeny mize mit vyznamny dopad na sexualni odpovéd’ muze.
To je zeyména patrné pii interakci s prot&jSkem, kdy vnimani a posuzovani partnera/ky muize
vyznamné ovlivnit situacni kontext (Beach, 1976; Perper a Fox, 1980). Béhem dvofeni je to
totiz pievazné Zena, ktera vysila urCité neverbalni signaly, které mohou predikovat nejen
prubéh, ale i vysledek dvofeni. Proto miize nejen vzhled, ale 1 neverbalni chovani
v prezentovanych erotickych stimulech hrat klicovou roli (Kolatsky a Madlafousek, 1983;
Binter a kol., 2016, Riha a kol., 2016, Klapilova a kol., 2016).

Samotné neverbalni prvky, které se objevuji béhem dvoteni, byvaji vyzkumniky pojimany
bud’ jako specifické pravé pro namlouvani (Moore, 1985) nebo jsou kategorizovany jako
prvky objevujici se v béZzném neverbalnim projevu, ovSem v daném (dvoticim) kontextu jsou
povazovany za vyznamné. Grammer se svymi kolegy (2000) tvrdi, ze neverbalni signaly se
neli$i od neverbalniho chovani v bézném zivoté nebo které délame nevédomky. Rozdil je

pouze ve frekvenci a délce téchto signalli a pro jejich spravnou interpretaci je tedy nutné znat
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situacni kontext. Za dllezité pozitivni prvky jsou povazovany zejména signaly kontaktni, tedy
takové, které poutaji pozornost, jako je Casté sttidani pfimych pohledl, uhybani pohledem,
usmeévy (Grammer, 1990) a dale tzv. palming, tedy viditelné prezentovani dlani (Kendon,
2004). Naproti tomu Moore (1985) tvrdi, ze pii dvoteni se objevuji konkrétni a specifické
signaly, které mizeme kategorizovat jako negativni nebo pozitivni. Napiiklad pokud Zena
pohazuje hlavou, odvraci pohled smérem dold, hraje si s vlasy ¢i inzeruje odhalenou kiizi na
krku, znaci to jeji otevienost a dostupnost. Naopak pokud Zena zajem nejevi, odvraci se od

prot¢jSku, meéni pozici téla na pozici uzavienou ¢i si napiiklad hraje s nehty.

Tab. 1. Piiklady pozitivnich a negativnich signalti pti dvoteni

Pozitivni signaly Negativni signaly

Stiidavé piimé pohledy Ptilis dlouhé ptimé pohledy

Stiidavé pohledy stranou Ptilis dlouhé pohledy stranou

Palming Pozornost sméfovana napft. na své ruce
Hrani si s vlasy Vyhrnuti rukavi

Pohozeni s hlavou Rozhlizeni se kolem

Prezentace krku Neklidné nohy

Oteviena pozice rukou a nohou Uzaviena pozice rukou a nohou
Vypindni hrudi Odvraceni se

Usmév Celkova ztrata zajmu

Cile studie:
e Prvnim cilem vyzkumu bylo zjistit, jakou mérou neverbalni chovani a fyzicka
atraktivita pfispiva k vyssi sexualni ptitazlivosti prezentovaného stimulu.
e Druhym cilem vyzkumu bylo zjistit, zda je neverbalni chovani, pokud takové existuje,
specifické pro danou situaci ¢i jde o obecné projevy, které maji v daném kontextu

vyznam.

Metody:

Podminkou ucasti byl v€k participanta mezi 18 a 40 lety a zkuSenost s erotickymi materialy v
minulosti. Studie se zacastnilo 50 dobrovolnikli (muzti ve véku 18 az 25 let, primérny vek
muzi = 21,78 + 2.27). Vé&tSinu Ucastnikli tvofili studenti humanitnich oborl, ktefi byli
kontaktovani bud’ osobné v atriu budovy Karlovy Univerzity Jinonice nebo osloveni skrze

vyvésené letacky. Zadny ucastnik nebyl ze studie vylouden.
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Sbér dat probihal v pocitacové ucebné, kde byli participanti usazeni tak, aby si navzijem
nevidéli do monitoru. Celé hodnoceni probihalo anonymné, skrze platformu Qualtrics.
Vsechny stimuly byly prezentovany na 14" monitorech s totoznym rozliSenim i nastavenim
zobrazeni. Hodnoceni trvalo celkové cca 60 minut a za svou ucast byli participanti odménéni
finan¢ni ¢astkou 100 K&.

Stimuly byly tvofeny videi Ceskych Zen, které se zucastnily castingti do pornografickych
snimkt. Na zikladé hodnoceni celkové fyzické atraktivity (obliCeje a obleCené¢ho téla)
nezadvislymi hodnotiteli bylo za pouziti dat z pilotni studie z 90 Zen vybrdno 5 nejvice
atraktivnich Zen, 5 nejméné atraktivnich Zen a 5 Zen se stfedni mirou hodnocené atraktivity.
Toto hodnoceni probihalo v prvni ¢asti studie. Video prezentované hodnotitelim bylo
rozdéleno a sestifihano na 3 ¢asti: a) 20 sekundové video rozhovoru s oblecenou Zenou, b)
ptiblizn¢ 45 sekundové video nahé Zzeny provadéjici erotické pohyby, c¢) 60 sekundové video
ze samotného sexualniho styku. Videa vykazovala variabilitu zejména v piipadé videi B a C,
jelikoz néktera videa B obsahovala i1 zabéry svlékajici se zeny a nékterd videa C obsahovala 1
zabéry oralniho sexu. Videa byla nakddovana dle prfedem piipraven¢ho etogramu. Tento
etogram obsahoval jednak neverbalni chovani popsané v predeslych studiich (Moore, 1985;
Grammer, 1990; Grammer, 2000) zabyvajicich se predev§im neverbdlnim chovanim pfi
poutani pozornosti protéjSku (Zena poutd pozornost) a jednak neverbalni chovani zjisténé

explorativni analyzou videi. U veskerych prvkl v etogramu byl zaznamenan pocet a délka.

Tab. 2. Seznam neverbalnich prvki testovanych v nasi studii

Pro video A Pro video B Pro video C
Neverbalni prvek Neverbalni prvek Neverbalni prvek
Usmév Piimy pohled Pfimy pohled
Stydlivy ismév Pohled na muze Pohled na muze
Piimy pohled Pohled na sebe Pohled na sebe

Pohled stranou

Pohled stranou

Pohled stranou

Prikyvnuti Zaviené oCi Zaviené o€i
Krouceni hlavou Usmév Usmév
Palming Stydlivy usmév Ruce se dotykaji nader

Gestikulace kontextualni

Kousani do rti

Ruce se dotykaji rozkroku

Sezeni zpfima

Ruce se dotykaji nader

Masturbace

Opirani se

Ruce se dotykaji bficha

Detail obliceje

Uzaviena pozice nohou

Ruce se dotykaji nohou

Detail nader

Oteviena pozice nohou

Ruce se dotykaji rozkroku

Detail zatylku

Neutralni pozice

Ruce se dotykaji boku

Detail pozadi

Uzaviena pozice rukou

Ruce se dotykaji stehen

Explicitni zaber na rozkrok

Oteviena pozice rukou

Masturbace

Oralni sex
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Neutralni pozice rukou Detail obliceje Sex

Detail nader Poloha zezadu

Explicitni zabér na rozkrok Misionaiska poloha

Ugastnikiim bylo prezentovano 8 typt stimulfi:a) fotografie oblideje, b) fotografie oble¢eného
téla s rozostienym oblicejem, c) fotografie obleceného téla véetné viditelného obliceje, d)
fotografie celého nahého téla s rozosttenym oblicejem, e) fotografie celého nahého téla véetné
viditelného obliceje, f) video rozhovoru (video A), g) video nahé pozujici zeny (video B), h)
video sexudlniho styku (video C). K hodnoceni stimuld respondenty byl pouzit software E-
prime 2.0 (Schneider, Eschman a Zuccolotto, 2002). Kazdy participant hodnotil stimul na
dvou sedmibodovych skalach (1 = velmi fyzicky atraktivni/ sexudlné pfitazliva, 7 = velmi
fyzicky neatraktivni/sexualné nepftitazlivd), jejichz definice byla participantim prezentovana
na zacatku studie:
a) Fyzicka atraktivita, kterou lze chapat jako miru, do jaké zobrazenid osoba (Zena)
reprezentuje piedstavu o idedlnim fyzickém vzhledu.
b) Sexudlni piitazlivost, kterou lze chapat jako miru pfitazlivosti, kterou k zobrazené
osobé (Zen¢) citi bez ohledu na fyzicky vzhled. Zobrazena osoba muze mit néjaky

konkrétni znak ¢i vlastnost, ktera ji ¢ini (sexualné) pfitazlivou.

Statistické zpracovani dat

Vzhledem k explorativnimu charakteru studie byly zvoleny statistické postupy, které jsou
v explorativnich studiich uzivany k odhaleni vztahi mezi proménnymi, v naSem piipadé
vnimanou sexualni pfitazlivosti a neverbalnimi prvky. VSechny statistické postupy byly
zpracovany za pouziti zobecnénych linedrnich modelt (GLM), které jsou uzivany v ptipadé
explorace dat a je znich mozné vyc€ist pfispéni jednotlivych nezavislych proménnych na
jednu proménnou zavislou. Vzhledem kpovaze vyzkumu a vyznamu pfisuzovanému
jednotlivym prvkiim jsme zvolili tzv. backwards elimination metodu (postupné odstranovani
proménnych s nejmenSim dopadem na vysvétlovanou proménnou) a reportujeme vzdy prvni

model, ktery byl signifikantni.
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Prvni faze explorace

Do modelu vstupovala jako zdvisla proménna hodnoceni sexudlni pfitazlivosti divky. Jako
fixni faktor do analyzy vstupovala kategorie atraktivity divky (kategorie byla urCena na
zaklad¢ fyzické atraktivity oblecené divky v pfipadé€ videa A a nahé v ptipad¢ videa B a C).
Vysledné modely ukazaly, ze v ptipadé vSech videi méla vliv pouze kategorie atraktivity.

Video A (interview):

V piipadé hodnoceni prvniho videa byl celkovy model signifikantni (F9, 5 = 12,489, p =
0,006) a jedinym prediktorem byla kategorie atraktivity (F1, 5 = 15,127, p = 0,008), zadny
neverbalni prvek nemél vliv na subjektivni hodnoceni sexualni pfitazlivosti zobrazené divky.

Video B (erotické pdzovani):

V piipadé hodnoceni druhého videa byl celkovy model signifikantni (F10, 4 = 10,326, p =
0,019) a jedinym prediktorem byla kategorie atraktivity (F1, 4= 15,149, p = 0,014), zadny
neverbalni prvek nemél vliv na subjektivni hodnoceni sexudlni pfitazlivosti zobrazené divky.

Video C (sexuélni styk):

V piipadé hodnoceni tfetiho videa byl celkovy model signifikantni (F10, 4 = 14,331, p =
0,010) a jedinym prediktorem byla kategorie atraktivity (F1, 4= 19,973, p = 0,008), zadny

neverbalni prvek nemél vliv na subjektivni hodnoceni sexudlni pfitazlivosti zobrazené divky.

Druhé faze explorace:

Vzhledem k exploracni povaze analyz jsme z modeld v druhé fazi explorace vyradili fixni
faktor a zatadili Skalové hodnoceni atraktivity obliCeje a téla jako kovariaty.

Video A (interview):

V ptipad€ hodnoceni prvniho videa byl celkovy model signifikantni (F11, 3 = 108,323, p =
0,001). Prediktory vyssiho hodnoceni na Skéle sexudlni pfitazlivosti byl pfimy pohled (F1, 3 =
21,475, p = 0,019), palming (F1, 3 = 19,409, p = 0,022) a hodnoceni fyzické atraktivity
obliceje Zen (F1, 3 = 48,082, p = 0,006). Pfim¢ pohledy a palming (viditelnd prezentace dlani)
jsou v tomto ptipad¢ vyjadieny poctem/frekvenci a nikoliv délkou.

Video B (erotické pdzovani):

V piipad¢ hodnoceni druhého videa byl celkovy model signifikantni (F10, 4 = 16,846, p =
0,008). Prediktorem vysSiho hodnoceni na Skéle sexudlni pfitazlivosti bylo hodnoceni fyzické
atraktivity nahého téla zen (F1, 4= 22,263, p = 0,009).

Video C (sexudlni styk):
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V piipad¢ hodnoceni tfetiho videa byl celkovy model signifikantni (F10, 4 = 47,012, p =
0,001). Prediktorem vysSiho hodnoceni na Skéle sexudlni ptitazlivosti bylo hodnoceni fyzické

atraktivity nahého téla zen (F1, 4= 13,568, p = 0,021).

Diskuse

hodnocené sexudlni pfitazlivosti hodnocend atraktivita, respektive kategorie z n¢j odvozena.
Z4dné neverbalni chovani nemélo na vysledné hodnoceni vliv. To je v piimém rozporu
s oekavanim zaloZenym na predeslych zjisténich vyzkumnikd, ktefi kladli diiraz pravé na
neverbalni chovani. Nase zjiSténi naopak ptiklada nejvétsi vyznam pravé fyzickému vzhledu
dané divky a podtrhuje vyznam atraktivity v pfipadé¢ kratkodobého sexualniho vybéru.
Podobny vysledek se da ocekavat pro piipad reaktivity na stimuly, jak bylo ukazano
v minulych studiich (Chivers a Bailey, 2005; Both, Everaerd a Laan, 2003; Chivers a kol.,
2004).

Pokud do modelu nevstupovala kategorie atraktivity, ale dal§imi proménnymi bylo
spolecné s neverbalnimi prvky i hodnoceni fyzické atraktivity obliceje a téla, bylo zjisténo, ze
nejvice signifikantni vliv na vnimani sexudlni pfitazlivosti ma fyzick4 atraktivita obliCeje i
téla. V piipadé nesexualnich videi (A) to byl pouze oblicej, v ptipad¢ sexualnich videi (B a C)
Slo o nah¢ télo. Dilezitost obliceje ve videu A mize byt ovlivnéna podobou stimulu.
Oblecena Zena v této Casti sedi na pohovce a vnimani tvaru téla tak miuze byt zkresleno.

Naopak nahé¢ télo ovliviiovalo hodnoceni v pfipadé¢ sexudlnich videi. D4 se pfedpokladat, ze
télo poskytuje o jedinci zasadni informaci. V piedeslych studiich (napi. Currie a Little, 2009)
bylo uvedeno, Ze télo odrazi momentalni zdravotni stav jedince, jelikoZ se zda, Ze je méné
stabilni nez tvar a poskytuje ndm tak informace o jedinci pii aktuadlnim posuzovéani (Herman a
kol., 2009).

Co se tyce konkrétnich prvki neverbalniho chovani, které mély vliv na pozitivni hodnoceni
videa A, tedy palmingu (prezentovani dlani komunikaénimu partnerovi) a kratkych pfimych
pohledt, jedna se o prvky kontaktni. Tedy takové, jez naznauji pfimy zajem o komunikaci.
Taktiku pfimych pohledii a uhybani pohledem vyuZzivaji ¢asto Zzeny pii aktu dvofeni (Givens,
1978; Moore, 1985; Grammer, 1990) a zda se, Ze muzi jsou na né velice citlivi. Je tedy
mozné, 7ze pokud muz shledaval v naSem vyzkumu Zenu atraktivni a pfitazlivou, vnimal jeji
pohledy jako flirtovni a tedy se sexualnim podtextem, ackoliv tento podtext ziejmé pritomny
nebyl, protoZe video A bylo nesexudlniho charakteru (rozhovor s jinou Zenou). Neocekavalo

se tedy zadné flirtovni chovani. Respondentim vSak tato skute¢nost nebyla oznamena a na
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samotném videu nebyla Zena, kterd vedla rozhovor, vidét a kamera zabirala pouze zenu-
aktérku. Vysledky ptedchozich vyzkuml naznacuji, Ze muzi jsou v rozpoznani a popsani
neverbalniho chovani mnohem méné piesni v porovnani se zenami (Perper a Fox, 1980) a
rovnéZz jsou méné schopni rozpoznat zdjem ¢i nezdjem protéjSku (Shotland a Craig, 1988).
Muzi tak mohou vnimat urcité neverbalni chovani jako okamzity sexualni podnét i kdyz jim
neni (Ostler, 2003). Tomuto tvrzeni nasvédcuji 1 vysledky recentniho vyzkumu Zsoka (2017).
Podle n¢j, pokud muz jevi zdjem o protéjSek, vzdy je prvotnim popudem touha po sexudlni
interakci s jedincem opacného pohlavi. Je tedy mozné, ze ackoliv neverbalni chovani Zeny
zadny sexudlni podtext neobsahovalo, muzi ho pfesto takto mohou vnimat. Je vhodné
adresovat, ze tyto prvky mély vliv na hodnoceni pouze v piipad¢ nesexualni interakce, nikoli
v jejim prabehu. Dale pak, ze Slo o prvky bézného repertoaru pratelskych gest a nikoli projevi
typickych pouze pro dvoteni.

Je tfeba upozornit na skutecnost, Ze neSlo o interaktivni studii, a tedy participant byl
pouhym recipientem, ktery nemohl ovlivnit déni. To je velmi vyznamné s ohledem na fakt, ze
tento vysledek neni nutné v rozporu s teoriemi Moneyho a Freunda (oba 1986), ktefi své
teorie zaméfuji na neverbalni chovani, stejné jako pozdéjsi autoii (Moore, 1985; Renninger,
Wade a Grammer, 2004).

Vzhledem k vysoké shodé¢ hodnoceni subjektivniho vzruSeni muzi a jejich nasledné
sexualni reaktivité¢ nas vysledek pfinasi vyznamny poznatek pro studie zaméeiené na testovani
sexudlni reaktivity muzl, kde se ofekava rychld odpovéd’ na stimul. V takovém ptipad¢ je
atraktivita natolik dulezitd, Ze neverbalni chovani nema vyznamny dopad na hodnoceni
v ptipad¢, ze jde o vyhradné eroticky snimek, bez ohledu na to, zda Zena je ve videu sama ¢i
v interakei s partnerem. V piipad¢€, ze jde o prezentaci, kterda zahrnuje sexualni 1 nesexudlni
vyobrazeni stimulu, mohou mit pfatelské projevy potencial zvysit sexualni reaktivitu na

stimul.

Shrnuti
Fyzicka atraktivita hraje v piipad¢ hodnoceni stimull nejvyznamnéjsi roli. Co se ty¢e navrhu
stimuli ve vyzkumech zabyvajicich se muzskou pohlavni vzruSivosti, bylo by dllezité
zameétit se zejména na vzhled aktérky ve videu a to konkrétné na vzhled téla v piipadé
sexudlnich stimult.

Prvky chovani, které se v nasi studii ukdzaly byt vyznamné, jsou prvky bézné¢ho chovani,
které vSak vjistém kontextu ziskdvaji podstatny vyznam. Tyto prvky jsou projevem

otevienosti a zdjmu o komunikaci. Je tedy dilezity kontext, ve kterém jsou bézné prvky uzity.
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Je velmi dilezité si uvédomit, Ze laboratorni testovani nezahrnuje prvek interakce tolik
podstatny pro flirtovani, ke kterému se mnoho ptfedchozich studii neverbalniho chovani
vztahuje. Naopak je ucastnik studie v roli pouhého pozorovatele, ktery nema moznost vyvolat
reakci stimulu. Nékteré dosud znamé technologie a vyzkumné designy takovou interakci vSak
Jiz dnes dovoluji a pravé takové by mély byt dale rozvijeny. Témto krokiim se planujeme

v blizké budoucnosti vénovat.

Etické otazky

Veskeré fotografie 1 videa jsou volné pfistupna na internetovych strankach umoznujici jejich
prohlédnuti a stazeni. O aktérkach ve videu nejsou poskytnuty zadné osobni udaje a
respondent nemuze aktérku dohledat. Veskera videa byla promitdna bez zvuku. Tento projekt
byl rovnéz schvélen etickou komisi PfF UK ¢. 2017/04. S daty bylo nakladdno dle zdkona
101/2000 Sb. a data jsou pfistupnd vyhradné vyzkumniklim podilejicim se na studii.

Tento projekt vznikl za podpory Grantu GAUK (1108416; 1074816; 1510214). Dale pak za
podpory European Regional Development Fund (ED2.1.00/03.0078) a fondu udrzitelnosti
NUDZ (LO1611). Timothy Jason Wells byl podporovan projektem Grantové agentury Ceské
republiky €. 17-19348Y. Radi bychom podékovali vSem uc€astnikiim studie za ochotu a ¢as.
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Abstract. This article focuses on psychological safety while playing XR (VR +
AR) games, and the development of safe-guards (‘fuses’) to avoid possible neg-
ative impacts incurred during virtual experiences. VR and AR have moved from
hi-tech development laboratories and design studios into the homes of otherwise
conventional users. XR technology has been repeatedly proven to be beneficial
for supportive treatment of phobia, PTSD (post-traumatic stress disorder), train-
ing of complex behaviors in harsh environments, and education related applica-
tions.

Gaming applications are in high demand and financially successful, but are
insufficiently supervised by professionals with regard to user safety. Immersion
and quality of the technology has increased markedly, resulting in the emergence
of arenas that look and feel increasingly realistic, and hence can trigger and im-
pact human affectual states, notably fear and sexual pleasure, more easily. The
tendency to create super-stimuli is in the minds of the creators with little (we
argue: insufficient) regard to deleterious side effects.

Motion sickness has been considered a negative side-effect of VR gaming, but
the possible damage to emotional and psychological well-being of users has been
overlooked. Other media platforms, such as movies, have documented the impact
on the human psyche of pre-disposed individuals, especially when their psycho-
logical state is affected by psychoactive substances. We argue the necessity of
programming psycho-physiological response-based ‘fuses’ that limit possible
negative impacts on individuals with pre-existing or pre-generated conditions.

We do not criticize XR development trends or claim that XR is dangerous
outright, and we suspect that various benefits could far outweigh the risks. The
warning call we publish here should help establish safety measures while not
diminishing the enjoyment during XR gaming.

Keywords: Virtual Reality, Augmented Reality, VR gaming, gamer safety and

gamer wellbeing, PTSD, psychoactive substances, neural networks, decision
trees, kernel density estimation.
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1 Introduction

1.1 Overview

Welcome to a near future that is actually upon us already. Virtual reality (VR) and
augmented reality (AR; oftentimes, VR and AR together are labeled XR) games keep
developing at a breath-taking pace. Their quality has improved tremendously, while
currently available state-of-the-art and next generation hardware promises almost flaw-
less implementation. These mass-produced gaming arenas offer such a high degree of
immersion that oftentimes during the gaming session it is (intentionally!) well-nigh im-
possible to distinguish between what is real and what is virtual. In addition to these
developments, the cost of hard- and software for gaming keeps decreasing, making
consoles increasingly widely available.

Since triggering sensations in humans is easy to achieve in certain psychological
domains, developers have become spectacularly imaginative in mastering scenarios
that force the delivery of the very last possible drop (as it were) of adrenaline so as to
trigger experiences of sexual arousal, fear, panic, and so on. From a psychological per-
spective (not a peripheral aspect for the game developer), the reality of these experi-
ences is not debatable; it is the gaming environment that is virtual [1]. Herein, we deal
with the psycho-medical issues involved in these very real experiences; the psycholog-
ical domains that are characterized by high activation of affective states [2]. Typically,
they trigger the above-listed stressful responses — just what the game developer in-
tends.

In this article, we do not deal with psychological issues involving erotica; instead,
we focus on the other scenarios in which humans exhibit a high resemblance to the real
environment response. Vertigo, fear-inducing animals, and scary scenarios with villains
unpredictably appearing with the intention to harm — these are typically used in gam-
ing plots to provoke adrenaline rush. Typically, the fight-or-flight response, a primal
adaptation, is triggered [3].

1.2 A scenario

A woman is wearing a goggle set and playing an XR game — a horror game. She is
motivated to challenge herself more and more as the game progresses. She stayed
awake longer than usual and drank, prior to gaming, a few energy drinks to achieve a
higher state of alertness. In the game’s plot, she is on the verge of being attacked by an
opponent and she believes she has no more resources at her disposal to avert her ulti-
mate death.

In the next moment, this woman perceives herself to be eaten alive by a gigantic
spider-resembling monster that has jumped on her from apparently nowhere. There is
no one to help her, and she hears her bones crack as massive teeth bite into her flesh.
The whole sequence of terror-inducing events resembles a nightmare she had for sev-
eral months after having seen a horror movie as a child.
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In this proof-of-concept essay, we desist from continuing with the plot and its (pro-
grammed) outcome, especially the outcome for the gamer. Rather, we discuss a plethora
of issues that occur during the crescendo up to the moment we described above.

1.3 Horror plot issues

There are several issues in horror and comparable VR games:

(a) the psychic stability of and the psychological risks to the gamer;

(b) whether the programmers have devised an Al (artificial intelligence) support so
that an imminently dangerous course of events can be averted or ‘de-fused’ when the
above scenario or a similarly dangerous one arises;

(c) whether VR gamers should be wearing appropriate devices that monitor, perhaps
independently (i.e. not all using the same device) heart-beat-rate, oxygen consumption,
breathing amplitudes, galvanic skin response, etc.;

(d) what algorithmically derived combination of monitoring device outputs can be
used to reliably predict the imminent psychic crisis of the gamer;

(e) whether VR games of this horror and violence severity should incorporate a suite
of augmented predictor algorithms designed to anticipate the moment when ‘de-fusing’
is to be triggered.

These issues we have listed pose considerable challenges for the game developer.
We address their algorithmic challenges here and elaborate technical details below.
Plots, far from having a linear progression, must be designed with tree structures along
their evolvement. The branching points we are referring to must be of a safety fuse
nature: on at least one branch, the plot must de-escalate and evolve further without
referral to the experiences that may have induced panic, etc. that was on the verge of
causing potentially far-from-trivial psychological (and perhaps physiological — think
of an exorbitantly excessive heart beat rate!) harm.

Even more challenging for the game developer is the predictive nature of issue (d).
There is little research on how to regress or cluster psychological and physiological
crisis states from the device exports. Technically, this is a far from straightforward
problem. The inputs we have listed are continuous variables, and the regressed predic-
tion is a categorical variable; if the predicted categorical variable has the two states
‘continue’ / ‘de-escalate’ then it is tempting to consider a logistic regression [4]. How-
ever, psychologists can quite often list risk states that are not binary, and emergency
physicians can list many more such non-binary risk states, because many physiological
parameters are interdependent via feedback cycles. For non-binary branching scenarios,
one-hot encoding [5] is necessary and the seemingly-attractive multi-level logistic re-
gression [6] is ill-advised; we describe alternatives.

2 Psychology

2.1  Fight-or-flight response

In natural environments, there is a linkage between emotional stress and sympathetic
activation — the so called “fight-or-flight” response. Psychologically: individuals then
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feel anxious or aggressive. In certain individuals, namely those with existing pre-dis-
positions, this may lead to emotional instability or even “freezing” (described as ex-
treme condition of panic [7]). These symptoms lead to future alterations of behavior.
Psychologically, fight-or-flight response is characterized by an increased activation that
prepares the body for strenuous actions that consume the body’s glycogen reserves.

Physiologically, fight-or-flight response is characterized by increased heart beat rate,
sweating, heavy breathing, tunnel vision, and muscle tension. Increased levels of corti-
sol, testosterone, and neurotransmitters — adrenaline, dopamine, and serotonin —
cause these characterizing reactions. Perceived control over the situation is altered, but
to what degree depends on each individual’s mental level and previous relatable expe-
rience that may have positively — but sometimes perhaps very negatively — impacted
the overall outcome. We note that this suite of reactions is what gaming programmers
intend to precipitate. A XR horror or fear game necessitates such reactions, if commer-
cial success is to be ensured. The gamer wants to experience such reactions, otherwise
he/she would choose a different type of game.

2.2 Ingestion of psychoactive substances

To what intensity these reactions are experienced is further modified whenever psycho-
active substances impacting the balance within the homeostatic system are (literally)
incorporated. Legal substances such as caffeine, taurine, and alcohol but also illegal
ones (‘drugs’ in common parlance) are such modifiers. We need to address this aspect,
actually a concern, because it can be considered common knowledge that players often
ingest some of them prior to gaming. Professional players are not permitted to incorpo-
rate any of these substances prior to gaming competitions and transgressions are con-
trolled by anti-doping agencies, but there are no restrictions for amateur gamers. We,
the authors, are debating among ourselves whether to insist that a warning to gamers
be displayed in the title frame of the game, but we currently remain undecided. We are
aware of many experts and professionals debating the possibilities of impact on human
mental health; and that some deny the possibility of negative impact on wellbeing and
mental health. We disagree with the deniers — our position will be elaborated below.
Consumption of psychoactive substances makes the algorithmic inclusion of where to
place branching points in the demanded tree structure within the plot extraordinarily
challenging (see below).

Our concern for psychological risks, which is one raison d ’étre for this paper, cannot
be overstated. The issue of consumption of psychoactive substances prior to gaming
sessions becomes more and more urgent as XR is becoming better and better (both in
quality and immersion intensity), more popular (more time spent gaming), and more
widespread (more and more gamers enter the market as consumers).

2.3 Virtual Reality and Psychological Reality

In VR, psychological systems are affected differently from in RR (‘real reality’). In RR
scenarios humans have evolved adaptations and calibrations for these systems. Thus,
in VR, the individual ‘knows’ (or, rather: ‘should know”) that the experienced horror,
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terror, or other fearful scenario is not real. For remedial therapies that use VR,
knowledge of the difference between ‘reality’ in VR and RR seem to be the reason

these therapies are successful [8-9].

The differential impact on the systems under control of the solely sympathetic sys-
tem (GSR), or in combination with the parasympathetic system (HRV) could serve as
proxy for the stress experienced by the individual, irrespective of whether he/she is a
therapy client or an (avid) gamer of horror plots. GSR and HRV are related to the Be-
havioral Inhibition System (BIS) and the Behavioral Activation System (BAS) scales
[10—11] that can be tested on every user and aid in predicting the future physiological
responses [12].

2.4  Physiological (continuous) random variables

Electro-dermal, cardiovascular, and breathing intensity changes are measures that have
been commonly used in the past studies focused on affective state processing. Galvanic
skin response (GSR) predominantly indicates sympathetic activity, and heart beat rate
variability (HRV) has been closely linked to parasympathetic activity [13].

The heart beat rate increases in reaction to sympathetic activation and decreases with
parasympathetic activation [14].

The arousal dimension is quantifiable by the combined readings of GSR, HRV, and
other physiological measures. In particular, combinations of multiple measures should
yield better predictions of discrete affective states. Therefore, the chosen psychophysi-
ological measures are a valuable way to assess affective state processing and judgment.

2.5  Psychological (categorical) random variables

To address individual profiles of categorical variables, standardized questionnaire re-
sponses are an option.

Behavioral Inhibition (BIS) and Activation System (BAS): BIS is thought to be re-
lated to sensitivity to punishment as well as to avoidance motivation, while BAS to
sensitivity to reward as well as to approach motivation [10]. BIS is more activated dur-
ing VR gaming than BAS.

Furthermore, even though registrations of two motivational systems are not only dif-
ferently distributed between the two sexes [10] but also the multivariate distributions
vary within each, systematically affecting ratings, behavioral responses, and psycho-
physiological responses [15]. Women were shown to have stronger inhibitory systems
then men [15].

2.6  Potentially-harmful experiences during computer gaming

Parallel to the inclusion of branching points by game developers, we list the following
categories of the VR gaming environment to mitigate risk-controlled, potentially-harm-
ful psychical experiences in VR gaming:

e a ‘simple’ VR arena with limited interaction options based on ferocious antagonists;
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e an interactive VR arena with standard peripherals and game controllers (game pad,
etc.);

e an interactive VR arena with realistic and artificial (experimental) locomotion;

e an interactive VR arena with extended peripherals (haptic, endless pavement, etc.).

Those attempting to develop ‘fuses’ that trigger branching should also consider
adapting some previous ‘extreme’ computer game scenarios that are no longer en
vogue. Although current levels of photorealism in computer (horror) gaming do not (as
of this writing: yet) fully match reality, we list several pre-VR gaming experiences that
have offered already near-reality authentic state of mind alteration and extreme decision
making in the potentially harm-generating gameplay situations. As early as 2001, in
Return to Castle Wolfenstein, a gamer was thrust into a dreadful situation upon being
astonished by a sudden zombie attack in the (dark) castle subterranean vaults. In Postal
2 (2003), the gamer could use different urinating strategies both as a weapon and as a
fire extinguisher. In Manhunt 2 (2007), the gamer is forced to kill an enemy by stabbing
his neck with a pencil whereupon he could progress to the next game level. In RapeLay
(2006) the gamer adopts the role of the rapist stalking a mother and her daughter in a
subway/underground environment. In Silent Hill: Homecoming (2008) the gamer pro-
ceeds to experience numerous torture scenes. More recently: in Hatred (2015) the
gamer is portrayed as a suicidal mass murderer shooting innocent civilians; in Agony
(2018), the gamer is a tormented soul not remembering his or hers past while being
possessed by various demons. While this list of controversial game products cannot be
considered comprehensive, the aforementioned ‘experience game’ designs serve as a
quite impressive set of examples of potentially harmful experiences by gamers. By spe-
cifically referring to the horror features in this list, we argue that in a VR environment
such game designs lead to situations with an increased potential for psychologically
harming the players; therefore, game producers need to implement certain types of
branching options to be the harm-avoiding ‘fuses’.

In all the above mentioned scenarios, we can perceive another potential beyond in-
stilling fear and inducing harm, namely the violation of moral codes. This twist, surely
intentionally designed by the game developer, may again impact some gamers more
than others and inflict damage because the gamer is forced to behave in a very brutal
and sadistic manner, against their will (we hope!). So, while some will enjoy the free-
dom — and we do not doubt that there exists compensatory mechanism in human psy-
che that will benefit some players — others may find this frame extremely harmful and
bothering to their persona [17].

3 Algorithms

3.1 Regression Algorithms: Generalities

In modern machine learning environments, a prediction based on the analysis of nu-
merical random variables is called a regression and a prediction that is based on cate-
gorical variables is called a clustering [5].
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There has been some research into how the change in several physiological parame-
ters is indicative of altered psychological states that are brought about by horror/terror
games. Most of this research is based, however, on reports of observed effects experi-
enced by clients undergoing VR exposure therapy [17-18].

The reported results have two serious shortcomings:

1. Healthy individuals’ responses (i.e. those who do not need anxiety disorder treat-
ments — at least not prior to a damaging experience in a VR game) have not been
monitored during gaming (and not controlled for the ingestion of psychoactive sub-
stances).

2. Many reported results rely on (i) fallacious statistical approaches (NHST — null
hypothesis significance testing, for example [19], rather than calculating Bayes Fac-
tors); (ii) assumptions about the normality of the continuous variables, and the at-
tendant ANOVA (rather than using maximum likelihood methods to determine the
ML distributions); (iii) assigning numerical values to categorical variables (rather
than using one-hot encoding).

In order to avoid a dangerous psychological state from arising, the gaming algorithm
should continuously evaluate the state (a vector including the real-number-valued phys-
iological parameters) and create a branch whenever a certain (vector) state indicating a
dangerous level is predicted by the algorithm to be imminent. This algorithmic ap-
proach may, of course, require a time series analysis of several prior readings while the
gamer is gaming. The knowledge of what constitutes a dangerous state is wherein one
of the challenges lies. We see no other option other than running many learning algo-
rithms on many personality types of gamers using the conventional training/test set
paradigm of Al (artificial intelligence), possibly using neural networks. Other options,
when attempting to determine boundaries between ‘continue’ and ‘de-escalate’ can in-
clude clustering algorithms of multi-variate categorical variables (among these: the BIS
and BAS scales).

3.2 Regression Algorithms: Specifics

The description of algorithm details assumes that large data sets have been collected in
order to construct predictions based on machine learning techniques [4], preferably
those using Al [5]. The Al paradigm requires the repeated, random splitting of each
data set into a training and a test set, perhaps necessitating the acquisition of still larger
— or at least many more — data sets.

The components of the input vector for each gamer are realizations of two types
random variables; some, such as age, and all the physiological variables (heart beat rate,
skin conductivity, etc.) are continuous, real-valued, while others, such as sex (or gen-
der, if the gamer is willing to reveal not only his/her chromosome-23 count, but also
his/her sexual orientation) and a host of psychological scores, are categorical. The data
matrix of the gamers used to determine the thresholds for branching points is therefore
a formidable ‘animal’ (formidable for the programmer, not for the threatened gamer).
The categorical variables, if not binary, need to be one-hot encoded, increasing the di-
mensions of each gamer’s vector considerably. One consequence of this increase is, of
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course, the need to increase the sample size. (This makes sense, because, irrespective
of the complexity of the statistical techniques of the algorithm, the more options for
some categorical variable, the larger the number of “guinea pig’ gamers for this varia-
ble, so as to ensure an adequate number for each option.)

Building algorithms that output predictions from a data matrix that contains a mix-
ture of continuous and categorical variables is a task comparable to the Titanic Chal-
lenge (www.Kaggle.com): use the passenger lists of the eponymous passenger ship
(containing names, class, age, family size, sex — but not gender —, fare paid, title: 3
categorical and 3 continuous random variables), and the inventories of who was res-
cued, to predict the survival chance for each line in the data matrix (i.e. for each pas-
senger). Currently, there are more than 16 thousand teams that have submitted almost
81 thousand algorithms.

Spiegelhalter [20] describes one algorithmic approach: using (binary) classification
trees while suppressing greediness. At each step in building the tree, the algorithm de-
cides which of the two branches a passenger is assigned.

Another approach is based on constructing contingency tables and using KDE (ker-
nel density estimation) to predict which cluster a passenger belongs to. Each cluster has
a survival probability. The challenge therefore involves finding KDE algorithms and
cluster detection methods so that, optimally, all passengers in a cluster are either survi-
VOrs Or not.

The third approach involves using NN (neural networks), a method that appears to
be very promising. Build a neural net with several layers and let the NN (literally) learn
which entries generate a prediction of survival or not. There are several flexibilities
available for the design of NN.

The implementation of one of these three Al approaches to avoiding serious psycho-
logical harm are clear. During the gaming session, the continuous random variable in-
puts are constantly being updated (the categorical variables presumably stay constant).
Based on the trained algorithm, the output switches from ‘continue’ to ‘de-escalate’
based on the prediction generated by the algorithm.

We warn against simplifying the data set used for generating predictions as a matrix
of continuous variables and using a simpler regression algorithm. This simplification
would require an enormous number of algorithms, one for each combination of cate-
gorical variable realizations (combinatorics would show how the number of possibili-
ties explodes). If, for example, there are ngg BIS states, ngag BAS states, ngg SIS
states, and Ngepger gender states, then the number of data matrices of continuous vari-
ables would be

n = ngig X Npas X Ngis X Ngender

Assuming the number of states in each categorical variable is 5 (a conservative assump-
tion), then n = 5* = 625 data matrices would be needed, each with roughly 1000
gamer entries. Because no gamers can be in two different data matrices, considerably
more than half a million ‘guinea pig’ gamers must be surveyed and analyzed with one
suitable, or, better yet, several de-fusing algorithms.
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On the other hand, it would be highly unusual for the states (except gender, perhaps)
to be independent. Because the Al paradigm results in highly optimized outcome pre-
diction, interdependencies will automatically be accounted for, reducing the computa-
tional load.

A further optimization can be achieved by finding higher-dimensional manifolds
which are close to the registrations post one-hot encoding. Applying dimension-reduc-
tion algorithms, prior to Al learning, will most likely (pun intended!) be possible.

More detailed descriptions of algorithm development strategy we cannot supply, be-
cause strategies depend on the population profile of the gamers, including their psycho-
active substance consumption habits. In any case, including the categorical variable(s)
in the data matrix and then applying Al learning promises to improve performance,
efficiency and tractability.

Much to the chagrin of psychology researchers, Al learning approaches do not offer
insight into what is ‘going on’ in the mind of the gamer. But, for the game developer,
this lack of insight is of minor concern, as long as prediction reliability is ensured (and
the scariness to be instilled in the gamer retained). The reliability is the necessity we
are arguing for: it protects the gamer from psychological and physiological harm.

4 Conclusion

We have argued that induced psychological harm is a health risk that should not be
underestimated and, in particular, be addressed with both a device-reliant and an algo-
rithmic approach to be developed using Al.

Devices: Prior to rigorous multivariate statistical analysis of physiological data in-
volving dimension reduction, learning and prediction algorithms, gamers should play
only while being equipped with suitable devices that measure at least heart beat rate,
galvanic skin response, blood pressure, and respiratory pattern. Modern technology has
developed such data acquisition devices that are small, reliable, and neither physically
constrain nor distract the gamer.

Algorithms: Gaming plots must be based on a tree structure (not necessarily a binary
tree) so that the program can pre-emptively side track a gamer before dire scenarios
cause psychological damage to him/her. Algorithms must employ state-of-the art Al
statistical learning tools, such as kernel density estimation, decision trees, or neural
networks tuned and trained on to-be acquired data sets with suitably distributed (i.e.
non-biased) categorical variable realizations.

We expect the protection of gamers from being psychologically harmed will be dra-
matically enhanced by implementation of the algorithms we demand.

We fear the industry and the gamers will resist proposed solutions that avoid harm;
yet we insist on ‘fuse’-mechanism being included in gaming arenas. It may be that the
industry will fear considerable extra investment in programming, and gamers might
fear losing the chance to experience the ‘ultimate kick’. We point out that the same
devices and algorithmic tools can be used to track the state of any individual and there-
fore create appropriate vector descriptions in other situations. They have already been
successfully implemented in (remedial) treatment-cum-gaming scenarios. The future of

133



10

VR is promising, as long as it can benefit from additional safety by including the above
described tools. As many physiological measurements can be collected during the gam-
ing session, we suspect that the prediction accuracy will increase when machine-learn-
ing algorithms are included in the gaming package.

We know that our safety approach has a speculative aspect, due to the fact that we
cannot let several players experience a physical and mental state that would lead to
harm and deduce data-based algorithms from these extreme cases. Game developers do
not solely rely on reliability progress through amassing data sets. Prior to mature,
‘fuse’-based algorithms, gamers could volunteer to wearing both head-mounts and
bracelets with detectors that could be used to signal when they are exhausted, fright-
ened, and so on. A mechanical option, such as a simple switch, could also be supplied
as a last resort. Such provisional measures would allow for using gamers’ physiological
profiles as stepping stones for Al development schemes.

We are aware that it is almost impossible to forbid or prevent gamers at home to
ingest substances that alter their psychological dispositions and the physiology of their
body (most notably the legal ones). Thus, physiological measures could be used to infer
that an alarmingly harmful situation is imminent. There are recorded cases in which
people have hurt themselves because of their inability to retain their posture/balance
due to the demanding action in VR [9]. If individuals already become stressed while
not under the influence of a psychoactive substance, imagine what can happen after the
consumption of, say, ethyl alcohol and/or taurine. We do not delude ourselves to believe
that we can forbid gamers from ingesting psychoactive substances and so we resign
ourselves to knowing they will. These changes of homeostasis will occur and algo-
rithms must monitor the individual’s physiological state and save him/her from harm.

We know that the needed devices are already available and claim that the appropriate
algorithms can be developed, allowing for even better — and harm-free — gaming
arenas in the brave new worlds of XR gaming.
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Abstrakt

Z evolucniho  hlediska jsou bolest a slast jednim
z nejdilezitéjsich procesii pro preZivani Zivocisnych druhi.
Indikace bolesti napovidd organismu, Ze se md aktu, ktery mu
bolest zpiisobuje, vyhnout, Ze pro néj predstavuje nebezpeci a Ze
je pro néj skodlivd. Naopak slast prindsi organismu uspokojeni
a tikd mu, co je pro néj prinosné a prijemné. Slast tak miize
prindset témér cokoliv, jako je napriklad uspokojeni z dobrého
Jjidla, které je rovnéz diileZité pro preZiti. Avsak ne vZdy jsou
tyto dva procesy vnimané jako rozdilné a protichiidné. Jsou
oblasti, kdy jeden z proZitkii miiZe zpiisobit Ci ovliviiovat druhy.
Konkrétné co se tykd oblasti lidské sexuality, je mnohdy rozdil
mezi témito dvéma velmi intenzivnimi stavy stirdn; prolinaji se
a vyddvaji se, obrazné feceno, na stejnou cestu. Bolest totiz
miiZe prindset, nebo potencovat i slast. To md za ndsledek
vyhleddvdni téchto velmi intenzivnich stavii.

Klii¢ové slova: bolest, slast, sexudlni vzruseni, lidskd sexualita

Uvod

Evoluéni pohled

Vnimdn{ bolesti je komplexni fenomén, ktery md
v centrdlni nervové soustavé vyznamnou odpovéd. Dd
se fici, ze v lidském mozku spolu neustile zdpasi, oviem
se 1 navzdjem doplnuji, prozitky bolesti a prozitky slasti.
Jsou to totiz dv€ motivace, jelikoz vyhleddvini slasti ¢i
nééeho, co prindsi prijemné pocity a vyhybdni{ se bolesti
a nepffjemnym pocittim, jsou jedny z kli¢ovych motivaci
pro prezitf. Bolest a slast tedy byvaji v odbornych
vyzkumech zkoumdny jako dva rozdilné intenzivnf stavy,
ovSem propast mezi nimi nenf az tak velikd, jak se miize
zddt (napf. Seymour a kol., 2007; Scott a kol., 2007; Fields,
2007).

To Ze je bolest vyznamnym Cdinitelem v lidském
chovini si muZeme snadno demonstrovat na piipadu
osob, které trpi mutact, kterd jim znemoziuje citit bolest.
Tato mutace dokonce vyznamné ovlivituje jejich prozivin{

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 sekunddrné vyviji na ziklad¢
prozité bolesti (Habib a kol., 2019).

Bolest je navic velmi dobfe studované téma, jako
mnohé negativni emoce u c¢lovéka. Je jednoduché
(fyzickou bolest) vyvolat v laboratornich podminkich,
je relativné univerzdlni, co se stimultl ty¢e (Edwards a
kol., 2004), i presto, Ze existuji rozdily v zdvislosti na
osobnostnich charakteristikich (Diener a kol., 2009).
Strach a hnév vyvoldvd tendence utéct a bojovat (Tooby a
Cosmides, 1990; McCarty, 2016). Naproti tomu existuje
siroké spektrum pozitivnich stimula, které jsou velmi
kulturné ovlivnéné, a existuje velmi mdlo stimula, které
jsou pozitivni a naprosto univerzdlni. Jako ptiklad si
muzeme uvést vazbu na jidlo, které obsahuje vysoky obsah
tuk a cukrd, které byly v lidské evoluénf historii klicové
pro pieziti (Tooby a Cosmides, 1990; Drewnowski a kol.,
1992). Vyvoldvini slasti, je v laboratornich podminkdch
velmi t€zké s vyjimkou poddvini psychoaktivnich ldtek
(Haney, 2009) a sexudlniho vzruseni (Hamilton a kol.,
2008). Nase porozuméni t¢émto mechanismim je oviem
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velmi malé v porovndni{ s prozitky negativnimi, a to ani
nezminujeme bolest a slast psychickou zptisobenou
prozitkem.

Bolest, tedy fyzicky diskomfort mtize byt i jakymsi
mezistupném ke slasti, resp. k potéSeni ve formé¢ odmény.
Dobrym piikladem je forma bolesti u sportovct, ktetf
jsou schopni, za vidinou odmény vitézstvim, tuto bolest
¢aste¢né potlacit (Bentham, 1996). Slast je tak logickym
vydsténim predeslého utrpeni, které vsak zpétmné jako
takové utrpenf vnimané nenf a je ,pfebito” pozitiviim
prozitkem z vitézstvi. Prozitek slasti muze byt rovnéz tim
vEtsT, ¢fm vetsi je predesld bolest. Typickym prikladem je
obranny mechanismus u organism@ — ¢fm je hrozba pro
organismus ve&tsi, tim vetsi byvd i bolest, kterd agresivnéji
spust{ obranné mechanismy a mechanismy snazici se
hrozb¢ vyhnout (Price a kol., 1987). Tento stav se nazyvd
homeostdze, jednd se o rovnovihu vnitinich procesti v téle
organismu. Jakmile dojde k vybo&eni z této rovnovihy
negativnim smérem (bolest), snaz{ se organismus tuto
rovnovihu vyrovnat opalnym pocitem, tedy slast{ (Craig,
2003).

V tomto piipadé lze hovorit také o tzv. Motivation-
Decision Model (model motivace a rozhodnuti), ktery
funguje na bdzi nevédomych rozhodovacich procesti
(Fields, 2006). Do tohoto modelu pak spadaji informace
o vnitinim stavu organismu, tedy o homeostatické
rovnovdze, jako je pocit hladu, senzorické vjemy a
povédomi o pfitomné hrozbé a potencidlni odméné. Dle
Motivation-Decision Model tak teoreticky cokoliv, co je
duleZitéjsi pro prezitf, md potlacit zptisobovanou bolest a
pozornost md byt sméfovina prevdzné na prezitf.

Bolest a lidska sexualita — sadomasochistické chovani

Konkrétni oblasti, ve které figuruje bolest a slast,
a které se chceme vénovat, je lidskd sexualita. ProZitek
z bolesti totiz muZe byt natolik intenzivni, Ze prindsi
sexudln{ vzruseni, potazmo je schopen pfivodit orgasmus
ve chvili jejtho ndhlého odeznéni (Mayberry a Daniel,
2016). Vztah sexudlniho vzru$eni a bolesti ¢i diskomfortu
lze nejlépe zkoumat na sadomasochistickém chovdni,
tedy sexudlnim chovini, které je zaloZeno na piijiman{
¢ zplisobovdni bolesti, na cileném ponizovini ¢ na
dominanci a submisivité.

V tvahu by pripadaly jesté studie o sexudlnim ndsili,
oviem nejednd se samoziejmé o konsenzudlni styk a k
sexudlnfmu vzruseni nedochdzi u obou stran. Nékteré
zdroje navic uvdddji, Ze agrese pusobi naopak jako ,anti-
vzrusivy“ element, a tudiZ neni kompatibilni se sexudlnim
vzru$enim, jelikoZ neuropfenase¢ nazyvany sympaticky
katecholamin, ktery souvisi privé s hnévem a agresi,
rovnéz zapricinuje dstup sexudlntho vzruseni u muzd,
penilnf detumescenci (Hnasko a kol., 2005; Pecina a kol.,
2003). Ve studiich, které se zabyvaly sexudlnimi zlo¢iny, v
nékterych piipadech k erekci vitbec nedochdzelo (Barbano
a Cador, 2006; Barbano a Cador, 2007). Vzruseni ze
sexudlntho ndsili — mluvime-li o nekonsenzudlnim styku
—nicméné Casty jev je. Zde ho ovSem rozebirat nebudeme.

Ackoliv je sadomasochistické chovdni povazovidno
nékterymi zdroji za sexudlni poruchu, v tomto textu to tak
vnimdno nebude a bude pfijimin nizor SM komunit, tedy
ze se nejednd o poruchu a pfipadné deviantni chovdni,

ale o sexudlnf preferenci (Wismeijer a van Assen, 2013).
Rovnéz z hlediska psychoanalyzy se sadomasochismus
povazuje za psychopatologii, ov§em sociologické a socidlné
psychologické vyzkumy takovy postoj nezastivaji — jednd
se 0 osoby emoc¢né¢ a psychicky vyrovnané, které prijaly
svou sexudlni roli a nevybocuji z roli socidlnich (Weinberg,
2006). Jednim z nejdulezitéjsich aspektt je viak konsenzus.
Neni mozné provozovat sexudlni sadomasochistické
praktiky bez souhlasu vSech zucastnénych (Lawrence a
Love-Crowell, 2008; Lindemann, 2011; Kolmes, Stock a
Moser, 2006).

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

Rovnéz zptisobovini ¢i piijimdni bolesti nemusf
prvopldnové slouzit privé za ti¢elem bolesti. Ugelem mtize
byt vyjidfeni hierarchického rozdéleni, tedy k vyjddient
dominantni a submisivni role (Cross a Matheson, 2006;
Wismeijer a van Assen, 2013). Jak tedy Ize vidét, v téchto
pripadech nemusi sexudlni uspokojeni ¢i slast pochdzet
ze samotné bolesti ¢i zptisobovdni bolesti, ale pravé
z rozdilného postaveni tdcastnika sexudlnich praktik.
Jedinci praktikujici tuto formu erotickych her tyto aktivity
mohou vykondvat spiSe kvtili smyslovému uspokojeni, a
ne tolik kvuli erotickému uspokojeni (Newmahr, 2010).

Jak jiz bylo zminéno vyse, slast muze byt zpusobena
dlevou od bolesti. Toto by bylo mozné aplikovat i
na sadomasochistické chovdni. Slast ani tak nepfindsf
samotnd bolest, jako pravé uvolnéni od bolesti. Cim je
bolest vétst, tfim vetsi je dleva, kdyZz bolest pomine a tim
VEST je 1 vzruSeni z tohoto zdZzitku. Stdle se viak jednd o
intenzivni stavy, kdy jeden dopliiuje druhy, ani v tomto
pfipadé¢ nejsou protichtidné.

Sadomasochismus je v dne$ni dobé pfijimdn téméf
jako normativni sexudlni chovini (Weinberg, 2006;
Wismeijer a van Assen, 2013), kdy je brdn a provozovin
bez rtiznych predsudkd, kterym &elil v minulosti a
dostdvi se jak do bézného zivota, tak do mainstreamovych
médii (Wilkinson, 2009). Sexudlni vzruSeni z bolesti,
popiipadé z dominance a ponizovini (pfipadné prijiman{
bolesti a submisivity) je totiz jev, ke kterému md kazdy
¢lovék blizko. Bolest, poslu$nost a oddanost je brina jako
szpestieni®  klasického* sexudlntho styku a paradoxné
je to pravé bolest, kterd je nejjednoduseji ,dostupni®.
Ze vsech lidskych prozitkit md nejblize ke vzruSenf a
je v podstaté velmi jednoduché ji provozovat. Existuje
nékolik vysvétlent, pro¢ je timto proZitkem privé bolest.

Nejednoznaéné prozitky — nespravné uréeni vzruseni
Do schématu vzruSeni z bolesti mtze také spadat
nespravné urceni pri¢in vzruSeni (anglicky origindl:
Misattribution of Arousal), kdy nespravné ¢tenf emoci a jejich
ndsledny pfenos muiZe ovliviiovat vnimdni celé situace.
Naptiklad v kli¢ové studii Schachtera a Singera
z roku 1962 méli muzstf dcastnici vyzkumu za tkol prejit
jeden ze dvou mosti spole¢né s Zenskou vyzkumnici.
Jeden z mostti byl zavéen nizko, druhy vysoko a houpal
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se. Niésledné vypliiovali tzv. tematicky apercepéni test
(pfisuzovdni vyznamu nejednoznaénym obrizkiim) a
méli moznost ve dnech nisledujicich po testu kontaktovat
vyzkumnici pro ptipad jakychkoliv dotaza. Ukizalo se, Ze
pokud muzi prechdzeli po vysoko zavéSeném mosté, méli
tendenci Castéji prisuzovat obrdzkam sexudlni vyznam a
Castéji zpétné kontaktovali spolupracovnici. Pokud tedy
doslo k nespecifickému vzruseni (v podobé adrenalinu
z prechdzeni mostu), méli participanti tendenci vyklddat
toto vzruseni jako sexudlni a priklidali mu sexudln{
vyznam.

Je tedy mozné, Ze tento fenomén je pfitomny i pfi
sadomasochistickém chovdni, takovém
chovini, kdy je vzruSeni z bolesti pfipsino sexudlnimu
vzruseni. Je vSak zfejmé, Ze tento fenomén nenastivd
u vSech jedincti. Nekteti jedinci mohou byt na toto
nespecifické vzrusent citlivejsi, a tudiz prave jim pak muze
bolest prindset slast. Kromé vySe popsaného fenoménu
viak do celé problematiky spadd i lidsky mozek.

respektive v

Bolest a lidsky mozek

Z vyzkumu totiz vyplyvi, Ze pozitek bolesti i poZitek
slasti v nasi nervové soustavé aktivuji insuldrnf kortex, tedy
oba pozitky aktivuji stejnou ¢dst mozku (Casey a spol.,
2001; Komisaruk a spol., 2004). S pouZitim magnetické
rezonance bylo dokonce zjisténo, Ze pfi orgasmu je
v mozku aktivnich aZ 30 oblasti, a to v¢etné téch, které jsou
aktivn{ i pfi bolesti (Komisaruk a kol., 2011). MuzZe tedy
dochidzet k interakei téchto dvou pozitkd, pokud jsou v této
¢asti mozku aktivoviny, coz by vysvétlovalo podobnost
vyrazu tvdfe bolesti a slasti — viz nize (Komisaruk a spol.,
2006).

Kontext je tak casto velmi dulezitym prvkem, dle
kterého lze tyto dvé emoce od sebe rozdélit. Nicméné
v urditych ptipadech si tyto dva pocity konkuruji nebo
prinejmensim mohou nastat ve velmi krdtkych intervalech
po sobé. Vritime-li se k sexudlné motivovanému ndsilf,
mnoho sexudlnich ndsilnika si ¢asto vyloZi emod¢ni stav
obéti jako konsenzudlni a sexudlné zidouci, nikoliv jako
stav strachu a bolesti (Johnson, 2006).

Bolest a slast v lidské tvafi

Z evolu¢niho 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 intenzivn{ stavy kritické pro prezitf
organismu, a to pravé i co se ty¢e vyrazu tvite druhych.

Odetitini emocnich stavt z vyrazt tvdfe ostatnich se
objevuje i u ostatnich primdtd, ktef{ jsou ¢lovéku pribuznf
(Darwin, 1872).

Vyrazy bolesti mohou varovat ostatni pfed hrozbou
nebo naopak vyvoldvaji empatické pocity, a tudiz zvySuji
Sanci na preziti ve formé pomoci od ostatnich (Williams,
2002). Fyzické vyjadreni pozitku slasti je tak klicem k
dspésnému rozmnozeni, potazmo k uchovivin{ vztahu.

Dal$im zajimavym piikladem je zjisténi, Ze pozitivni
vyrazy tvire jsou rychleji rozpozndny neZ ty negativni, a to
obzvldstné vyrazy Zzenské tvire (Grimshaw a spol., 2004;
Hugenberg a Sczesny, 2006). OvSem toto platf spiSe pii
rozpozndvini individudlnich tvifi. Pokud je naptiklad
vice tvdfi v davu, jsou zde rychleji rozpozniny vyrazy
agrese, tedy negativni emoce, a vice pfitahuji pozornost

(Eastwood a kol., 2001). Toto je zifejmé uréené tim, Ze
rozpoznat vyraz agrese ve velkém davu zvySuje Sanci na
varovini pred potencidlni hrozbou a na v¢asné reagovinf
(Hansen a Hansen, 1988).

Zeny jsou piitom zdatn&jdf ve spravném odeditini
emoci z vyrazii tvife ostatnich (Hall a Matsumoto, 2004;
Hampson, van Anders a Mullin, 2006), oviem muZzi
1épe a rychleji rozpoznaji z vyrazu tvife hnév (Rotter a
Rotter, 1988). Nicméné, studie Chena a kolegt z roku
2016 zjistila, Ze vyrazy tvdfe bolesti a slasti naopak od sebe
odlisitelné jsou. Respondenti spravné urc¢ili emoci, coz
by znacilo, Ze ackoliv objektivné tyto dvé emoce je tézké
rozlisit, podvédomé poznime jejich sprivny vyznam z
kontextu.

Vyrazy tvife, at jiz pied zapocetim sexudlnich aktivit,
¢ v jejich prabéhu, jsou kli¢ové pro prozivini sexudlniho
vzruseni nebo pro vytvdfeni vazeb mezi partnery a mély
by byt studoviny s ohledem na presnost uréeni. V BDSM
komunitich je pro ptipad nespravného pochopeni proZitkii
druhé osoby uréeno gesto (naptiklad zdvihnuti ruky), nebo
tzv. safe-word (slovo, pfi jehoZ vyicenf je jakdkoli dal3f
aktivita zastavena), coz dovoluje stupiiovdni negativnich
prozitkd, které jsou souddsti téchto aktivit (Dancer a kol.,
2006). Alternativou muze byt tzv. semafor, kdy partner,
ktery pfijimd submisivni pozici, maze vyicenim barvy
(zelend = mdm zdjem pokracovat intenzivngji, oranzovi
= zustafime nejvyse v této intenzité, Cervend = okamzité
sniz intenzitu / zastav) intenzitu prozitku regulovat. Je viak
otdzkou, nakolik je takovy piistup praktikovdn v pdrech,
které nemaji pfedem nastavené hranice a je nutné odeéftat
emoce pouze z tvife ¢i hlasového projevu.

Zavér

Z uvedeného vyplyvd, Ze je velmi dulezité vnimat
stavy bolesti a slasti nikoliv jako protichtidné prozitky;
nebo respektive chdpat jejich vzdjemné propojeni. Nelze
je v8ak ani vnimat, Ze jeden prozitek spousti druhy, tedy Ze
se nutné stifdaji. Tyto dva velmi intenzivni stavy totiZ spiSe
koexistujf spolu, vyvoldvaji podobné reakce a navzjem se
doplnuji. To je z velké &isti podminéno tim, Ze bolest i slast
vyvoldvaji velmi podobné fyziologické reakce téla, o ¢emz
sv&d¢i 1 aktivovdni stejnych oblasti mozku. Fyziologickd
reakce t€la na vzrusent je velmi podobnd reakci na stresové
podnéty a organismu, i nim subjektivné, mohou tyto
dva ,pozitky® pripadat stejné; ,slévaji“ se dohromady a je
tézké subjektivné, objektivng, i za pomoci laboratornich
piistrojit urcit pavod vysledného prozZitku. Je potieba
dalstho vyzkumu pro pochopeni vzdjemné interakce
téchto prozitkd, coz ztézuje fakt, ze nékteré observaénf
metody v laboratornich podminkich nedovoluji sprivné
odecteni emoce z vyrazi tvife. Naturalisticky vyzkum a
kvalitativn{ sbér dat ve spoluprdci s komunitami, které se
téchto vyzkumu dcastni, je tak kli¢ovy pro budouci pokrok
v této oblasti a pfedem jim za jejich ochotu dékujeme.
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Abstrakt

Emoce jsou diileZitym 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 sexudlni chovdni. Kromé cteni emoci je diilezitym
aspektem také jejich prejimdni, resp. zrcadleni na nevédomé
iirovni, empatie Typicky je takovéto chovdni viditelné u déti,
kdy také dochdzi k vyvinu téchto emotivnich slozek. Prejimdni
emoci vsak miiZe byt také negativai, jako je napfiklad
duplikovdni agresivatho chovdni. Co se tyce sexudlniho
chovdni, miize dochdzet k tomu, Ze toto chovdni je prejimdno z
pornografickych materidlii, kde se vSak jednd o emoce falesné,
coZ vytvdil mentdlni obraz urcitého sexudlni chovdni, ktery je
povazovdn za sprdvny, avsak je zkreslen ndroky (pornografické)
filmové tvorby. Zejména diilezitd je tato diskuze v oblasti
sexudlniho ndsili, kdy zobrazované sexudlni ndsili i agrese v
pornografickém materidlu miiZe znacné zkreslovat predstavy o
povaze ndsili. Tyto témata jsou diskutovdna zejména s ohledem
na sexudlni edukaci a vzdéldvdni.

Klicovd slova: emoce, prejimdni emoci, sexudlni chovdn,
pornografie, sexudlni ndsili

Uvod

Konzumovani pornografie a sexudlni nasili
Pornografie, tedy prezentace vzrusivych neuméleckych
materidlu, které jsou vytvoreny za ti¢elem vyvoldni vzrusent
u konzumenta, jejiz vkusnost a piipustnost je dina dobou,
zdkonem a obecnym ndhledem jednotlivee (kompilace
nékolika definic upravend autory) je castdji sledovdna
muzi nez zenami. Tento rozdil se viak v poslednich letech
snizuje (Ramlagun, 2012).

Sledovini pornografickych materidltt mutize ovlivitiovat
emoé¢ni odpovéd na nevédomé bdzi. Ackoliv testované
osoby nemusf reportovat subjektivni pocitovini emoce pii
urcité zobrazované emoci v pornografickém snimku, pii
laboratornim méfeni frekvencni 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 pfejimani emoci podvédomé (Kunaharan et
al., 2017).

Ackoliv néktefi jedinci mohou vykazovat sklony
k sexudlnfmu ndsili pfi zvy$ené konzumaci pornografie,
nenf stile jednoznacné, zdali se jednd o kauzalitu. Vyzkumy
na tuto otizku nepredklidaji jednozna¢nou odpovéd a
¢asto muize byt tato argumentace ovlivnéna pfistupem dané
spole¢nosti 1 konkrétntho vyzkumnika (napt. Bachman et
al., 1992; Bouffard, 2002). Nicméné problémem zustdvd
nedostate¢né rozliSovini mezi korelact a kauzalitou, coz je
bohuzel stdle Casty jev.

Predeslé vyzkumy dokonce naznalily, Ze zvySené
konzumovini pornografie muZe vést k vyvoldni
negativnich emoci, a tudiz i k sexudlnimu ndsili (Wright
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et al.,, 2015; Paolucci et al., 1997). Sexudlni preddtofi
pfitom mohou konzumovat pornografii i signifikantné ve
vétsf mife, nez primérny konzument (Johnson, 2015). I
jiné studie ukazuji uz§ souvislost mezi konzumovinim
pornografie, kde se jmenovité¢ vyskytuje né&jaky ndsilny
akt, a sexudlné motivovanymi ndsilnymi zlo¢iny (Hald et
al., 2010).

Jiné studie vénujici se vztahu zvySené konzumace
pornografie a sexudlntho nisili vSak nenasly Zzddnou
signifikantnf souvislost (napt.: Allen et al., 1995; Ferguson
& Hartley, 2009). Existuje také nékolik studif, které se
spiSe vénuji negativnim efektim zvySené konzumace
pornografie z hlediska emoci a $kodlivého dopadu na
socidlnf a potazmo sexudln{ chovini. ZvySend konzumace
pornografic totiz muZe vést napiiklad ke zvySenym
uzkostem (Szymanski & Stewart-Richardson, 2014),
depresim (Conner, 2014), & k potizim s erekef pii interakci
s partnerem (Park et al., 2016).

P11 ¢astéjsim sledovdn{ pornografickych materidlii také
dochdzi k tomu, Ze konzumenti vyhleddvaji postupné ¢im
ddl tfm vic explicitn&j$i materidly, aby dosihli stejné tirovné
fyziologického vzruseni (Harper & Hodgins, 2016). Tedy
jejich fyziologické vzru$ent ziistivd stejné, aviak je potieba
stdle silngjsich podnétu.

Jednd se o tzv. habituace, tedy navyknuti si na stejné
prezentované stimuly, k ¢emuZ ndsleduje slabsi sexudlni
odpovéd; tento proces je pritom piitomny vice u muza nez
u Zen (Koukounas & Over, 2000; Laan & Everaerd, 1995;
O’Donohue & Plaud, 1991). Je mozné, Ze tento proces
je navic pfitomny i v redlnych partnerskych vztazich,
kdy muize dochdzet k navyknutf si na sexudlni podnéty, a
tudiz i k pfipadnému nespriavnému urcovin{ sexudlniho
vzru$eni. Toto v8ak muzZe byt obzvlist¢ komplikované
v piipadé¢, kdy u muzti dochdz{ k sexudlnimu vzruseni a
automaticky predpoklddaji stejny emoéni stav u partnerky.
Dochdzi tedy k nesprivnému ¢teni komunikovanych
informacf.

Urcovani emoci a dvoufaktorovy model emoci
Schopnost odeditat vyrazy tvire ostatnich a dostdvat tak tim
informace o jejich momentdlnim mentdlnim stavu, niladé
a emocich patif k zdkladnim a velmi délezitym prvkam
v lidské komunikaci. Jiz Charles Darwin (1872) a pozdé&ji
Paul Ekman (2006) upozornovali na dileZitost emoci a
univerzdlnost ve vyrazu tvdfe. Odeditin{ emoc¢nich stavil
z vyrazu tvdfe se navic neobjevuje pouze u ¢lovéka, ale i u
jinych primdta ¢loveéku pribuznych (Darwin, 1872).

Urcovdni emoce lze rozdélit do tif slozek: a) valence
(pozitivni a negativnf, anglicky origindl: Positive and Negative
Affect); b) salience (vysokd a nizkd; zna¢f miru prozivaného
emoc¢niho stavu, zna¢f miru vzruSeni); c) kognitivn{
prifazeni (slouzi k oznacenf uréitého psychofyziologického
stavu jako ,emoce®). Na zdklad¢ kognitivniho pfifazent
spoustéle je ndsledné psychofyziologicky stav urcen a
oznaden jako emoce.

Emoce jako takovd je nejenom prozivina, ale jeji
prozivini je také nékterym z komunikacnich kanila
vysilino a pfijimdno druhymi osobami. Pfi takové
komunikaci je vSak velmi dulezity vlastnf emoéni stav
pifiemce, ktery mize vyznamné ovliviiovat pifiem a
vnimdnivysilané emoce. To se ukazuje zejména dulezité pii
komunikaci s potencidlnim partnerem ¢i v jiz probihajicim
partnerském vztahu. Spravné ¢tenf a uréeni emoce mohou
byt kritické pro dalsf interakei s potencidlnim partnerem &i
k uchovini soucasného vztahu. Emoce mohou byt uréeny
1 nespravné.

V klicovych studiich Clarka a Sensibara z roku 1955
a Schachtera a Singera z roku 1962 bylo zjisténo, ze pfi
afektivnich stavech muZze byt k danému emodénimu
stavu ¢ vyladénf pfifazen nesprivny vyznam. Konkrétné
vzruseni z piivalu adrenalinu muZe byt vyhodnoceno
jako sexudlni vzruseni. Autofi na zdklad¢ téchto vyzkumu
vytvotili dvoufaktorovou teorii emoci (anglicky origindl:
Two-Factor Theory of Emotion; Schachter & Singer, 1962)
na jejimz zdkladé byl pozdéji vytvofen Dvoufaktorovy
emoc¢ni model (Feldman, 1995; viz Obr. 1). Dle této
teorie nenf fyziologicki zména 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 muize zapficinit, Ze je
fyziologickd odpovéd pfisuzovdna jinému podnétu, nez
ktery ji vyvolal.

VzruSeny

Negativni Pozitivni

Klidny

Obr. 1: Dvoufaktorovy emotni model Feldman, L. A. (1995)

Jednfim z nejzndmdéjsich vyzkumua, ktery se vénoval
prejimdni a kopirovini emoci, jmenovit¢ tedy agrese a
ndsilného chovini, je experiment Alberta Bandury z roku
1961. Pii ném jedna skupina déti v predskolnim veku
sledovala videa, kde figurantka fyzicky napadala a naddvala
hadrové panence. Této skupiné pak byly ukiziny hracky,
se kterymi si viak déti nesméji hrit. Pokud jim vSak byla
pfedstavena panenka z videa, mély déti tendenci sméfovat
svou frustraci ze zdkazu hra¢ek a ndslednou agresivitu
pravé na onu panenku. Druhd skupina détf, kterd videa
nevidéla, toto agresivni chovini nemélo. Doslo tedy
k tomu, Ze déti replikovaly chovdni, emoce, které vidély,
a které povazovaly v tu chvili jako za ,,spravné®, adekvitni.
Zjednodusené feceno jako néco, co by se mélo délat.

Na tomto misté také povazujeme za dulezité zminit
efekt tzv. emo¢niho pdrovini (Emotional coupling; Budell
et al., 2010; Caruana, 2020), kdy maji jedinci tendenci
pfejimat komunikované emoce protéjsku. Z hlediska
sexudlntho je to pak predevs$im sexudlni vzruSeni nebo
naopak diskomfort, jejichz spriavné komunikovini je
dulezité pro spravné &tenf situace (Aviezer et al., 2008;
Clark & Sensibar, 1955; Younis et al., 2015).

Co se ty¢e dlouhodobych partnerskych vztaha, je
toto emo¢n{ parovin{ zejména dilezité, jelikoz je kritické
pro spokojenost obou jednotlivet ve vztahu, tudiZ i pro
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potencidlni dlouhodobost tohoto vztahu. A pravé sexudlni
slozka partnerského vztahu je jednim z nejdalezitéjsich
atribut (Montesi, 2011), pficemz muZi obecné priklddaji
sexualité ve vztahu vétsf duleZitost nez zeny (Peplau, 2003).
Pro spokojenost ve vztahu je tudiz dalezité spravné uréenf
puvodu sexudlntho vzruseni, jelikoZ frekvence sexudlni
interakce je pro oba partnery stejnd, ovSem prozivand
emoce ¢i informace, které ob¢ strany komunikuji, mohou
byt odlisné (Birnbaum, 2006). To je dobfe vidét na
prikladu, Ze pokud maji Zeny nizsf svou vlastni sexudlnf
vzru$ivost, maji tendenci pfisuzovat nizsi spokojenost se
sexudlni interakei ve vztahu. U muZd se tato tendence
neobjevuje (Baumeister, 2000).

Pokud toto prejimdni sexudlni chovini vztdhneme na
sexudlni chovdni u lidf a potaZzmo i na pfejimdni emoci,
muzeme usoudit, Ze tento efekt muZze byt velmi ovlivnén
pornografickymi materidly. Pornografie se stala béznou
soucdsti na$i kultury (Paul, 2010; Weiss & Zvé&fina,
2001) a pro dospivajici jedince tak muzZe predstavovat
vlastné jediny zpusob, jak piejimat sexudlni chovini.
Co je vSak problematické je fakt, Zze sexudlni chovin{
a emoce zobrazované v téchto snfmcich jsou vét§inou
hrané, fale$né. Scénidfe jsou svou zdpletkou neredlné.
Zejména se pak jednd o nesouhlas se sexudlnim stykem
a zdmérn¢ zdtraznéni prekondni nesouhlasu. Scéndre
totiz Casto predstavuji vzruSujici fantazie a touhy, které
vsak nekoresponduji s typickym sexudlnim chovinim.
Svou charakteristikou jsou velmi extrémnim zobrazenim
oproti typickému sexudlnimu chovini. Sexualita je zde
nadhodnocovina a zdtirazitovana. Emoce bézné vyskytujict
se v sexudlni interakci v bézném Zivoté ¢&i partnerském
vztahu jsou tak vétSinou potlatoviny nebo mnaopak
prehdnény. Sexudln{ chovinf jednotlivet pak timto muze
byt velmi zkresleno a nekoresponduje s preferencemi a
poZadavky partnert/partnerek.

Emoce v pornografii

Utinkovani v pornografickych snimcich je i pro herce
a herecky vyznamnou emocni praci (Emotional labour).
Jde o aspekt pracovnf ¢innosti, ktery odrdz{ miru nutné
emocni investice do zaméstndni, kterd je extenzi fyzického
vykondvini zaméstnini (Parvez, 2000). Pro snadné
pochopeni bychom si tento pojem mohli vysvétlit na
povoldn{ servirky. Pfi prici nenf jejim jedinym tdcelem
zajistit objedndvku, donesenf jidla, kasirovdn{ a sklizenf
ze stolu. Jeji price, navic s ohledem na spropitné, spocivd
také v prijemné komunikaci se zdkaznikem, doporudenf
a neziidka také v investici do vzhledu a vyjadfovini
(Erickson, 2004). Pravdépodobné vsichni ¢tenifi si vybav{
situaci, kdy byla obsluha nepffjemnd a dojem z nivstévy
zafizeni tim trpél. A také velmi dobfe poznime, Zze
se obsluha pretvafuje. Stejné¢ tak nekvalitni vykon u
hercti a o to vic pornoherctt vybudf spfSe vysméch nezli
vzruseni. Proto je zvySeny tlak na to, aby byly snimky
velmi realistické, a to zejména v extrémngéjsich polohich
pornografe (jako napt. BDSM snimky, tvrdy andlnf sex,
ddven{ pri ordlnim sexu, bolestné vykiiky pfi bicovini,
zavirdni bradavek do svérdku, fackovini a pldcdni atp.).

Pornografie krom toho totiz muze pusobit jako
tzv. supernormdlni stimul (Supernatural stimuli; Barrett,
2010). Supernormdlni stimul je koncept pozorovatelny
v zivolisné [f8i; vyuzivd evoluci zafixované vnimdn{ a
preference a pusobi jako extrémné silny stimul diky
svému charakteru. Typickym ptikladem je kukacef vejee.
Kukacka snese do ciziho hnizda své vejee, které je oviem

nékolikandsobné vétdf nez vejce ptika, ktery zde jiz své
budouci potomky nakladl. Dany druh ptika mds vsak
zafixovany ,stimul® vejce a mnohondsobné vétsf vejce na
néj pusobf jako supernormdlni stimul, byt se jednd o vejce
cizi. Diky svym extrémn¢ odlisnym proporcim vzbuzuje
silny efekt a matka poté upfednostiiuje toto vejce pred
svymi vlastnimi a pec¢uje o néj vice (Barrett, 2010).

Pornografie jako kompenzacéni chovani

Je otdzkou, zda by pornografiec méla byt tedy pristupnd
Siroké vefejnosti v takové formé jako doposud. Na zdkladé
vyzkumu typtt konzumentt pornografie se zdd, ze takovy
pfistup neni problematicky a Ze pornografie genericky
neznamend problematicky sexudlni Zivot, prozivini, nebo
problémy ve vztazich. Je vSak zfejmé, Ze stejné jako tomu
je u ndvykovych ldtek jako alkohol, kde ob¢asnd umérend
konzumace muZe mit pozitivn{ i¢inky (ve formé mirného
uvolnéni a zvySeni prozitku), u urcité populace muze
vyvolat zdvislost a muzZe byt nebezpeénd jak konzumentovi,
tak jeho okolf. Bylo by vhodné, a vjinych zemich jiz existujf
zaméfené organizace, vytvorit poradnu pro osoby, které
maji's takovym chovdnim problém. V ¢eské republice podle
osobnich sdélenf autortt od odbornikii je takovéto chovin{
feSeno v rdmci sexuologické péce, pokud je potieba, ale
nejde o Casty problém. V rdmci preventivnich programt je
tomuto tématu vénovin prostor, i kdyZ limitovany.

Vysledky studie provedené védeckym tymem vedenym
Vaillancourt-Morel  (2017) ukdzaly, Ze konzumace
pornografie je u jednotlivych skupin spojend s odlisnymi
riziky 1 benefity. Konkrétné¢ rozdé¢lila konzumenty na
3 rozdilné skupiny: asi 75 % bylo vyhodnoceno jako
rekreaéni uzivatelé, ktetf spiSe ziskdvajf inspiraci, a jejich
sexudlni Zivot neni negativné ovlivnén. Tato skupina je
vice zastoupena mezi Zenami a zadanymi jedinci obou
pohlavi, s malym mnozstvim sexudlnich problémt.
Kazdy tyden tato skupina primérné 24 minut sledovala
pornografické  materidly. Skupina nekompulzivnich
uzivateltt (13 %) 1 skupina kompulzivnich uZivatela (12
%) byla vice zastoupena muzi. Skupina nekompulzivnich
uzivateld byla typicki vysokym emoénim stresem
spojenym s konzumaci pornografie, kdezto skupina
kompulzivnf méla stfedné silny emocni stres spojeny
s konzumaci. Kompulzivn{ skupina také méla nejmens{
pomér zastoupeni zadanych jedincti.

Je vsak také nutné zvdZzit vliv extrémni pornografic
jakozto kompenzaéntho chovini. Ve studii na velkém
vzorku (vice nez 5000 osob; Barker, 2014), byl diskutovin
vztah sexudlnich fantasif a kompenzace redlné sexudlni
aktivity formou ziskdvini{ v realit¢ potlacovanych prozitki,
coz ddle pffmo na piipadu pornografie ukazuje studie
Efrati & Amichai-Hamburger z roku 2019 u studentské
populace. Ob¢ studie poukazuji na mechanismy, které
souvisi s prozivinim druhotného dopadu na vytvifen{
scbe sama skrze sexudlni chovini bez interakce s jinou
osobou, které jsou ovlivnény médif a konzumaci materidla
s erotickou a pornografickou tématikou.

Zavér

Pornografie a jeji potencidlnf Skodlivost ¢ naopak
prosp&$nost vyvoldvd debaty i v soucasné dobé.
Nejednoznacny  efekt  pornografie  totiz  vede
k nezodpovézenym otizkim, jak sledovini téchto
materidla mtize ovliviiovat sexudlni chovini. Predev$im
u dospivajicich jedincti, ktef{ zacinaji sviyj pohlavni Zivot,
muize byt jejich sexudlni chovini velmi ovlivnéno pravé
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chovinim, které pozoruji v pornografii, ¢asto negativnim,
resp. takovym, ktery je v nesouladu s nastavenim a
preferencemi protéjsku. O to vice je problematické, kdyz
jedinym sexudlnim chovinim, které lze neztdcastnéné
pozorovat, je prdv¢ pornografie, kterd mtize vyvoldvat
zkreslenou predstavu o sexudlnim Zivoté. Tyto materidly
jsou navic ¢asto vytvoreny tak, Ze na lidské smysly ptisob{
jako supernormdlnf stimul.

Debatu o sexudlni vychové mladistvych by bylo
vhodné vést spiSe k edukaci o uzivanf a rizicich pornografie
obecné. Pro rodi¢e/zdkonného zdstupce/dospélého/pro
jedince samotného je tézké presné védét, co “jeho dite”
sleduje a “navic vhodné posoudit”, kde jsou hranice mezi
béznym sexudlnim chovinim a extrémné zobrazovanymi
sexudlnimi praktikami. Je stdle nutné omezovdn{ sledovini
a dostupnosti videf kvtili zachovdn{ nepfistupnosti snimku
zobrazujicich skuteéné nelegdlni aktivity (napt. détskd
pornografie, skute¢né extrémni nekonsensudlni ndsili).

Tato otdzka je rovnéz dualezitd predevsim v diskuzi o
tzv. Rape myths, tedy stile se vyskytujicim nespravném
stereotypnim piedsudku o tom, Ze Zeny si za zndsilnén{
¢ jiné nevyzddané sexudlni chovini mohou samy.
V pornografii je totiz velmi ¢astym scéndfem a tématem
zndsilnéni. Pohlavni styk, ktery Zena odmitne, je
vynucen a ve vétsiné piipad Zena nakonec na sexudln{
interakei pristoupi a vyjadifuje spokojenost. Zde je velmi
problematickd prive fale$nost emoci. Jednak je zde velmi
zkreslen zdkonny koncept ,ne znamend ne“, kdy Zena
odmitd pohlavnf styk pouze zddnlivé, a nakonec k nému
pristoupf, a jednak je to nejednoznac¢nost emoci. Ta se tykd
jednak hrani emocf a jednak jiz zminéného zdinlivého
odmitnutf a ndsledného pfistoupeni na sexudlnf akt a jeho
prozivani.

Diskuze problematiky pornografie je dlouhodobéjsiho
charakteru, avSak stdle aktudlni a velmi komplexni.
Doufime, Ze se nim v budoucich vyzkumech podaif
objasnit vztah ¢teni a komunikovdni emoci v pornografii,
previzné sexudlntho vzrusenf a sexudlnf agrese a ndsledné
poznatky prisp&ji k celkové edukaci a povédomi o lidské
sexualité a vlivu novych technologif na ni.

Véffme, Ze zvySeni informovanosti o dopadu
supernaturdlnich stimult na prozivin{ sexuality jedince
dovolf zvySeni miry benefita ze sledovini pornografie, a
naopak ke snizen{ dopadt negativnich.
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Abstrakt

RozmnoZovdn/ a  prijem  potravy  jsou  jednim
z nejzdkladnéjsich procesii pro preZiti organismu. Zatimco
prijem potravy je tim prvotnim, diky cemuZ organismus preZivd,
rozmnoZovdni je zdkladem pro preZiti daného druhu. Jidlo a sex
Jsou vSak zdroveri také prvky, na kterych mohou vznikat obdoby
na substanci nezaloZené zdvislosti, resp. formy obsesniho
chovdni, které mohou pfindset zdvaind zdravotni rizika.
Na rozdil od substancnich zdvislosti ¢i jinych behaviordlnich
zdvislosti se vsak nejednd o jakousi ,,nadstavbu®, tedy chovdni,
které neni zdkladnim a spolecnym pro vsechny organismy (jako
v pripadé jinych zdvislosti), ale o ,, zextréméni“ bézného chovdni.
Pri stdle castéjsim vystavovdni podnétu ovsem vznikd také
adaptace, resp. tolerance na tento podnét a tudiz neustdle se
zvétsujici potfeba tyto podnéty zintenziviiovat. Tento fenomén
Je v tomto cldnku zajimavé ilustrovdn na pripadech konzumace
pdlivého jidla a preference sadomasochistickych —aktivit.
Tedy jakdsi forma extrémniho proZitku. Jakékoliv proZitky
vsak mohou prejit do fdze, kdy nedochdzi tolik k prozitku ze
samotného prvku, jako spi$ k neustdlé potrebé tohoto prvku.
V tomto bodé pak dochdzi k zdvislostem podobnym staviim.
Diilezitym prvkem je v tomto pripadé znechucent, které by mélo
slouZit k regulaci kompulzivniho chovdnt.

Kli¢ovd slova: sex — jidlo — zdvislosti — sadomasochistické
chovdni — znechuceni

Uvod

Jak jsme jiZ tento koncept nastinili v naem predeslém
¢linku (Binter et al., 2020), v lidské evoluéni historii
dochdzi k uréitym procesim a motivacim, které jsou
velmi dilezitym kritériem pro prezitf daného organismu.
Jako priklady, kterym jsme se v predeslém clinku
vénovali, uvedme bolest, kterd je dualezitym indikdtorem
hrozby; indikuje organismu, Ze se ¢innosti, kterd mu
bolest zpusobuje, md vyhnout. Je pro né nebezpecnd a

Skodlivd. Naopak slast prinds{ jistou formu satisfakce. Tato

Abstract

Mating and food consumption are processes that ensure
survival of an organism. Whilst food consumption is essential
for survival of the organism itself, the mating is crucial for
survival of the survival of the species. Both are also discussed to
be potentially possible causes of non-substance based addiction,
respectively obsessive behaviors that may cause discomfort and
health-related risks. As opposed to substance-based addictions
and other behavioral addictions, these seem to be some kind
of extreme manifestations of regular behavior. With increased
exposure to certain types of stimuli and adaptation, or rather
tolerance creation, is created and need for further increase of
consumption is taking place. Such phenomenon is currently
discussed for case of hot food and sado-masochistic behaviors.
Both provide a form of extreme experiences. The risk may be
that the element of behavior is later considered mandatory and
becomes center-point of related behavioral patterns which later
constitute the compulsive addiction-like states. An important
element differentiating the addiction-like behavior from a
substance based one is disgust-based regulatory mechanism
that ensures regulation of the motivation which is missing in
substance-based one.

Keywords: sex — food — adiction — sadomasochistic behavior
— disgust

satisfakce muize byt v nejriznéjsich podobdch, at uz je to
uspokojeni z dobrého jidla, které je duleZité pro preZiti,
¢ uspokojeni a slast sexudlni, kterd je rovnéZz kritickd
pro uspé&$né rozmnoZzovini a zachovdni danych gent
daného organismu. Jak jsme nastinili, ne vZdy mohou byt
prozivané stavy (jmenovité¢ bolest a slast) protichtidné ¢i
postupné na sebe navazujici. Mohou spolu v jistém smyslu
koexistovat a jeden stav muze dopliiovat druhy.
Intenzivni ¢ afektivni stavy mohou byt velice
podobné, i co se tyce fyziologické reakce. Jmenovité bolest
a slast sdilf &dst nervovych propojent a v uréitych pripadech
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tak muZe byt proZivany stav nesprévné uréen, napf. stres
¢i strach muze byt povazovin za vzrueni. Mechanismy,
jakymi lidsky mozek disponuje a funguje, a reakce lidského
mozku na uréité podnéty, mohou byt do jisté miry velice
podobné, dalo by se fici, Ze i totozné (Binter et al., 2020;
Casey et al., 2001; Seymour et al., 2007).

Rozmnozovini a pifjem potravy jsou jedny z nejzd-
kladngjsich motivaci pro preziti daného organismu.
Zatimco diky ptijmu potravy pfezivd samotny organismus,
a je tak tim prvotnim, o co organismus usilyje,
rozmnozovini sice nikterak nepfispivd k preziti jednoho
konkrétntho jedince, avsak stdle patif k naprosto prvotnim
a zdkladnim motivacim. Organismus tim totiz usiluje o
preddvini svych genti a pfispivd k zachovini svého druhu.
Geny jsou to, co usiluje o rozmnozen{ a ,nuti“ tak svého
nositele prezivat a rozmnozovat se (Dawkins & Davis,
2017).

Ziroven se uz ze své podstaty jednd o slastné pocity.
Slast, jak si ukdZeme, prochdzi povétdinou stejnym
procesem. Vjemy, které jsou pro jedince pfijemné, aktivuji
v mozku centrum odmén, ¢fmz se zvy$uje tendence tyto
vjemy vyhleddvat (Berridge, Robinson & Aldridge, 2009).
A prive jidlo a sex jsou nejvice zdkladnimi cykly slasti,
protoze pffmo pfispivaji na prezivini. Pf{jemné véci, které
indikuji, Ze jsou pro organismus dobré a tudiz duleZité
k preziti, totiz na rozdil od stavi nepiijemnych, jako je
bolest, prochdzeji uréitymi procesy, které je zafixuji jako
néco, co by organismus mél délat (pro review podobnosti
cyklu pfijimdni potravy a sexudlntho uspokojeni viz
Georgiadis & Kringelbach, 2012).

Slasti, které jedinec proZivd, muZeme rozdélit na
substanéné a nesubstan¢né zaloZené. V obou piipadech
viak muze dochdzet ke kompulzivnimu chovini, kdy
jedinec danou litku naduzivd & opakuje dané chovini.
Takové uzivini litky ¢ chovini viak muiZze byt potencidlné
zdravotné nebezpec¢né a rizikové. Typicky mezi substanéni
kompulzivnf obsese fadime drogy, jejichZ uzivini s sebou
nese vdznd zdravotnf rizika a na nichZ snadno vznikd
zdvislost, tedy stav, kdy md jedinec nutkavou potrebu
opakované aplikace ldtky, pficemz dochdzi k toleranci na
tuto ldtku, tudiz k potiebé stile vétstho mnozstvi (Zou,
2017).

Mnoho alkaloidi, jako kofein, lidé vyuZzivaji ke zlepSeni
koncentrace, ale v excesivni mife mtize poskozovat télesné
i dusevnfi zdravi (Andrade et al., 2018). Dokonce existuje
litkovd zdvislost, zvani kofeinismus, byt se obvykle
nevyskytuje v nebezpedné mite (Mackay & Rollins, 1989).
Muize viak byt, s ohledem na fakt, Ze kofein je nerozsifené;s{
konzumovanou litkou a jeji Sirokou akceptaci ve
spole¢nosti, nesnadno identifikovatelnd. Obecné se ddle
v textu litkovym zdvislostem vénovat nebudeme a naopak,
s ohledem na dobfe popsané mechanismy takovych
zdvislosti doporu¢ujeme prostudovin{ primdrnf literatury
pro toto téma.

V pripadé nesubstan¢éniho kompulzivntho chovini,
které je zalozené pravé na chovdni, nikoliv na konzumaci
urc¢ité ldtky, dochdzi k obdobnym procesim (Garcfa-
-Garcfa, 2014). Co se ty¢e privé jidla a sexu, je nutné
upozornit, ze jejich definice jako ,zdvislost® muze byt
znané problematické a proto spie uzivime pojem
zdvislosti podobny (z anglického addiction-like). Jednd se
spiSe o kompulzivn{ prejidini se ¢ o obsesi pornografif
¢ sexem. Zdvislost je velmi Siroky koncept, ve kterém
panuje nejednoznacnost v kategorizovini rtizného typu
chovini. Dile tedy budeme mluvit spi$e o kompulzivnim

naduzivini jidla a obsesi pornografii ¢i sexem, nez toto
chovén{ definovat jako zdvislost.

Kompulzivn{ piejidinise s sebou nese zna¢nd zdravotni
rizika. Co se tyée obsesivni konzumace pornografie &i
praktikovini sexu, zde pfili§ zdvazni zdravotni rizika
nejsou, ovSem tato obsese muZze zptisobovat rozsihlé
problémy v osobnim Zivoté jedince i mit dopad na jeho
psychické zdravi (Ford et al., 2012). Samozfejmé je i Cetné
mnozstvi ¢innosti, které nemaji zdravotni benefit zidny
nebo téméf zddny, a zdvislost na nich miize byt vysoce
rizikovd, az fatdlnf, jako je naptiklad gambling (patologické
hri¢stvi) u né¢hoz jsou jednotlivé fize vytvirent nelitkové
zdvislosti dobfe popsané. Je oviem nutné mit na paméti,
7e 1 v tomto piipad¢ je jedinec ,hndn“ motivaénim
cyklem liking-wanting (tedy vytvoreni pozitivntho vztahu
k podnétu a ndsledné motivaci k ziskdni pristupu k dané
ldtce ¢i aktivité, viz nize). Je t€zké né¢emu odolat, kdyz je
to pro jedince piijemné a tudiZ i fale$né prospésné. Stejné
tak je dualezité se naucit odliSovat podnéty od takovych,
které vyvoldvaji reakei averzivni, coz zahrnuje ¢dst uéent
(learning).

V téchto pfipadech je systém regulovin endo-
kanabioidy, opioidy, a monoaminy. D2 dopaminovy
receptor, v odpovédi na dopamin, pak plnf roli motivaéni
a nukleus acumbens pak reguluje spojeni s libymi pocity pii
konzumaci. Serotonin hraje pak roli regulitoru pfijmu
skrze receptory 5-HT1A a 5-HT2C, zejména u chutné
potravy (Finlayson, King & Blundell, 2007).

Zde je vhodné také pfipomenout, Ze existuje dvojf
motivace k chovidnf samému. Jenou z nich je kompenzace
stavu — tedy naptiklad nevolnosti ¢i $patné nilady. Cilem je
tedy zlepSeni soucasného stavu. Druhou motivaci je stav,
kdy je jedinec ve stavu dobrém a cilem chovdnf je tento
stav je$t¢ vylepsit. V zdpadn{ spole¢nosti tohoto stoleti
bude pro uvddéné piipady klicem spiSe motivace druhd.
Byt prvni ndmitkou muZe byt, Ze sexudlné i1 kaloricky
deprivovany ¢lovék bude spiSe reagovat motivaci prvni,
pravé druhd motivace bude zavddvat divod pro vznik
problematického chovint.

Sex a jidlo

Sex a jidlo mohou byt vnimdny jako odména, pfi¢emz
vystaveni se jednomu z podnétt mtize podnécovat touhu
po druhém podnétu. Napiiklad vystavent se sexudlnimu
stimulu mtze vyvoldvat chut k jidlu, resp. ke sladkému,
které je vinimdno pravé jako odména (Van den Bergh et al.,
2008). Jidlo byvi také dulezitym prvkem, ktery je sdilen
s partnerem a napiiklad sdilenf jidla s nékym jinym, nez
s partnerem vyvoldvd véts{ zdrlivost nez pouhé poviddni si,
elektronickd komunikace ¢i sdilenf kivy (Kniffin & Brian,
2012).

Neékteré poruchy prijmu potravy se typicky vyskytuji u
populace, kterd je sexudlné netypickd. Kromé toho mozek,
podobné jako v pripad¢ bolesti a slasti, zminéném vyse,
vykazuje aktivaci stejnych drah jak v piipadé jidla, tak
v piipadé sexu (Georgiadis & Kringelbach, 2012).

Napiiklad s vyskytem bulimie, anorexie ¢i naopak
excesivniho prejidini je také astéjsi vyskyt homosexuality,
bisexuality, promiskuitnéj$tho chovdnf atp. (Ackard et al.,
2008; Blashill, 2011; Culbert & Klump, 2005). Tento
fenomén je vSak tfeba chdpat oddélené — jejich vyskyt
je spojen s preferenci vypadat pritazlivé pro konkrétn{
skupinu (tedy byt atraktivn{ pro skupinu heterosexudlnich
muzi v piipad¢ heterosexudlnich Zen a homosexudlnich
muzi v piipadé homosexudlnich muzi; Van Den Berg,
2012).
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Ovsem sex, stejné tak jako i pokrmy, je velmi kulturné
i osobnostné vizdn. Co je v jinych kulturich povaZzovino
za nepatfi¢nou praktiku, v jinych muZe byt zcela bézné.
Stejné tak pokrmy, které jsou v ur¢ité kulture pochoutkou,
mohou byt jinde shleddviny jako nechutné.

Stejné mechanismy prochazejici stejnymi procesy
Sexudlni odpovéd je kombinaci sexudlné excitaénich a
sexudlné inhibi¢nich procesti. Tedy procest, které navozuji
vzru$eni nebo ho naopak tlumi. Sexudlni odpovéd je tak,
v negativiim slova smyslu, ovlivnéna, pokud sexudlni
inhibice prevysi sexudlni excitaci (Bancroft et al., 2009).
V téchto ptipadech, kdy jsou excitaéni procesy ,slabsi
nez procesy inhibi¢ni, pak také muaze dochdzet k raznym
sexudlnim poruchdm a dysfunkcim, jako je nizkd sexudlni
vzrusivost ¢i erektilnf dysfunkce. Excitaéni proces je pak
siln¢ ovlivnén intrapersondlnimi procesy, jako je nervozita,
depresivni stavy, tzkosti, & strach z nedostate¢ného
sexudlnitho vykonu (Graham et al.,, 2004; Janssen et al.,
2002; Janssen & Everaerd, 1993).

Sexudlnf slast ¢ uspokojeni ze sexu prochdzf urcitymi
fizemi, tfemi neurobiologickymi procesy, které by se daly
oznacit jako Wanting-Liking-Learning (Georgiadis &
Kringelbach, 2012), tedy chtit-mit rdd-ucit se. V pfipadé
sexudlntho chovdni tak prvni fiz{ je sexudlni touha a
vzru$eni, druhou fizi plateau (pohlavni vzruseni pred
orgasmem) a orgasmus a tfetf fiz{ uvolnénf, kterd zahrnuje
refrakenf fizi a tzv. hédonickou adaptaci, kterou se rozumf
emocidlni vyrovndvini se s danou situaci. A pravé fize
ucent, tedy learning je zcela zdsadni pro postupné fixovini
urcitého typu sexudlntho chovini. Se zvySujicim se
poctem opakovdnf téchto fizi dochdzi k dalsimu a dalsimu
zafixovdn{ si takového sexudlniho prozitku, ktery je jedinci
prfjemny.

Ziroveni ale proces musi byt dokonany. Tedy aby
doslo k zafixovini véci jako pifjemné, musi dojit k fizi
uspokojeni a ndsledné percepci a vyhodnocent véci jako
prijemné a zddouct, tudiz takové, kterou je dobré opakovat.

Velice podobny proces lze hledat i pfi pfijmu potravy.
Obe tyto ¢innosti zahrnuji motivaci (hlad/sexudln{ potieba
— potazmo ,potfebu“ se rozmnorzit), pifjem (pifjem
potravy/samotny sex) a uspokojeni (ukojeni hladu/ukojent
sexudln{ potfeby; Georgiadis & Kringelbach, 2012).

Pffjem potravy i sex rovnéZz shodné vykazuji ztritu
motivace, pokud k uspokojeni dojde. V piipadé potravy
oviem miiZze tato motivace znovu Cdsteéné podnécovat
jedince k dalsf konzumaci, pokud se jednd o jidlo nové,
tedy o takové, které nevedlo k uspokojeni a ukojen{ hladu
(Rolls et al.,, 1984; Weingarten, 1983). V piipad¢ sexu
ovem k tomuto novému podniceni, v pfipadé vystavent
novym stimultim, empiricky dokizdno nebylo. Je viak
otizkou, zda mnohé ¢linky vyjadfujici se k formdm
psychické obdoby zivislosti na konzumaci pornografie
a sniZzend apetence ostatnich sexudlnich praktik, nenf
takovym pfipadem — k CemuzZ se autofi ¢linku Cdstecné
kloni.

Potrava a sex, jakozto zdkladni prvky lidského preziti,
jsou rovnéz velmi ovliviioviny zdZitky a zkuSenostmi
v ranych letech vyvoje ¢lovéka. Pffjem potravy v ranych
détskych letech ovliviiuje preferenci potravy v dospélosti
a rovnéz sexudlni vychova ovlivituje sexualitu v dospélosti
(Pfaus et al., 2012; Woodson, 2002).

Sex rovnéz nenf zcela krucidlnf pro preziti. Na rozdil
od n¢j bez potravy Zddny organismus neprezije. Potieba
potravy je rovnéz pritomna od narozenf, zatimco potieba
sexu se objevuje aZz v pubertdlnim véku lidského jedince

(Georgiadis & Kringelbach, 2012). Je tfeba mit na paméti,
ze se zde bavime o penetrativiim sexudlnim styku a
nikoli o socio-sexudlnim vyvoji jedince, ktery je pfitomen
mnohem dffve a zahrnuje fyzicky kontakt s jinymi osobami
¢ auto-sexudlni praktiky. Sexudlni potfeba je rovnéz
velmi ovlivnéna osobnostnimi charakteristikami jedince,
prostfedim ¢i aktudlnim psychickym rozpoloZenim jedince
a sexudln{ potieba rovnéz velice variuje v priib¢hu Zzivota.
Nehovoifme-li o poruchich pffjmu potravy, chvilkovém
nechutenstvi, nepotiebé potravy kvuli psychické zitézi
& o prostém nedostatku jidla, potfeba potravy/hladu
se objevuje vzdy. Navic, na rozdil od ukojeni sexudln{
touhy pfi sledovini pornografie tfenim pohlavnich
orgdnt, je tfenf jazyka net¢inné, byt napliovini Zaludku
nizkokalorickym jidlem, nestravitelnymi objekty ¢i vodou
(kompenza¢ni mechanismy v extrémnich podminkdch ¢
dietich) skytd jakousi moznost alternativy.

Rovnéz je nutné mit na védomi, Ze Zenskd a muzskd
sexualita neprochdzi stejnymi procesy. Jednak fize
uspokojeni nemusi byt nutné¢ determinovina orgasmem
(Levin, 2002), a rovnéz sexudlni vzrudivost se u Zen a muzu
1i8f co do piistupnosti védomého vzruseni — muzi jsou si
svého vzrudeni obvykle védomi (vizudlni a senzorické
podnéty jsou muztim sndze dostupné), Zeny do mensi
miry (Bailey et al., 1994).

Kdy?z slast pferoste v zavislost

Ovsem velmi podobné procesy jsou piitomné i pii vzniku
zdvislosti. Jedinec v poslednf fizi shleddvd dany podnét
velmi pffjemnym a hledd tak dal$i opakovini téchto
fizi, tedy vyhleddvd stejny ¢ intenzivngj$i podnét. Pri
Cast&j$im prob&hnuti celého tohoto procesu dochdzi také
k ¢astéjsimu vyhleddvini podnétt a rovnéZz ke zvykdnf si
na podnéty a tedy k vyhleddvinf silngjsich podnétu.

Fize slasti, které jsme si ukdzali, jsou pfitomné ve vice
podnétech, které ¢lovék miize prozivat, a ne vzdy se jednd
o slast fyzickou ¢ substan¢ni. Takovymi piiklady muze
byt spokojenost se svym socidlnim postavenim, prozitky
z estetina, z dspéchu, z ruznych uspokojujicich aktivit
(Frijda, 2010; Kringelbach & Berridge, 2009). Slast také
muiZze prindset bolest, pficemZ v tomto pripadé se jednd o
slast v piipadé tlevy od bolesti. Cim v&tsf bolest, tim v&tsi
ndslednd dleva a tim v&tsf slast (Craig, 2003).

Zivislost, pokud mluvime o vice prozkoumané
zdvislosti na substancich, vznikd, pokud u jedince dochdzf
ke kompulzivnimu vyhleddvini a uZivini substance
(drog) na tkor jinych aktivit (Edwards, 1981; Jafte, 1990).
Samotné uzivini drog sc je$t¢ nepovaZzuje za zdvislost,
zdvislost vznikd, a7 kdyZ dochdzi k opakované replikaci
a zvySujicimu poctu konzumace této substance, jak
z hlediska intenzity, tak z hlediska mnozZstvi, a dochdzi ke
stdle v&tsi potfebé tuto litku uzivat (Robinson & Berridge,
1993). Toto intenzivn{ chténf a vyhleddvini dané litky se
nazyvd craving, pfi¢emz tento vyraz je do ¢eského jazyka
prekldddn jako baZeni a pouzivd se predevsim v piipadé
zdvislosti na alkoholu.

Pokud zde pouzijeme vy3e zminénych ti1 tizi, craving
je slozen z elementt wanting a liking. OvSem pokud toto
baZzeni dosihne patologické tdrovné, fize liking se stivd
mén¢ intenzivni na dkor wanting (Robinson & Berridge,
1993). Zjednodusené fe¢eno potéseni ¢i uspokojent z dané
litky klesd na dkor samotného chténf a potieby této litky.

Co se tyce jidla a sexu, kompulzivni obsese, naduzivin{
¢ vykondvdn{ téchto ¢innosti se 1i$f od jinych zdvislosti uz
jen v tom, e jde spiSe o zvyraznéni chovini, které je ale
jinak kritické pro prezivini. U jedince se tak neobjevuje
novy typ chovdni, pouze je intenzivngsi ¢i se existujicl
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chovién{ stdvd variabilngjsim a v rdmci ngj je hleddna novi

oblast (Georgiadis & Kringelbach, 2012).

Teprve v 5. a poslednim vydan{ Diagnostic and Statistical
Manual of Mental Disorders (DSM-5) z roku 2013 je poprvé
zminéna existence behaviordlnich zdvislosti (American
Psychiatric Association, 2013). Z téchto novych poruch,
nesubstan¢nich zdvislost, je zde vSak uveden pouze
gambling. Existuji v3ak nepopiratelné dtikazy, které
ukazuji, Ze stejné znaky zdvislosti vykazuji i pravé vyse
zminénd zdvislost na jidle, na sexu, na pornografii, ale
naptiklad i na nakupovini, na cvienf a zejména uzivini
internetového  pripojeni, uZzivini socidlnich siti atd.
(Potenza, 2014). Zde by autofi rddi poukdzali na fakt,
ze zdvislost na masturbaci pfi sledovdni internetové
pornografie je vyznamné odlisnd od samotné sexudlni
aktivity energeticky a také svym dopadem na celkovou
spokojenost v partnerstvi &i socidlnim Zivoté. Stejné tak
prostiedkt nutnych k zajisténi takového chovini je v dobé
dnesnf tfeba velmi mélo v porovndnf s alternativami.

Ohledné potravy problematika spo¢ivd vkompulzivnim
prejiddnt se, v pffjmu potravy nad mnoZzstvi v&tsi, ne? je
potiebné, v bazeni po jidle a v neschopnosti odmitat jidla,
kterd jedinec shleddvd jako velmi chutnd. To platf zejména
u jidel bohatych na tuky, cukry a stl, které sami o sob¢
podnécuji nadmérnou konzumaci a zdvislost (Gearhardt
etal., 2011; Davis & Carter, 2014).

Kompulzivni pfejidini se md také nékdy velice
podobné klinické a neurofyziologické projevy a znaky jako
zdvislost na drogdch (Davis & Carter, 2009; Davis, 2013).

Obsese jidlem a sexem se ovSem lis{ od ostatnich
obses{ ¢i zdvislosti tfm, Ze muzZe v podstaté substituovat
jiné potteby. Kompulzivni prejidini se tak vlastné muize
kompenzovat jiné chovini, ¢asté jsou piiklady piejidin{
pti pokusech zbaveni se zdvislosti na cigaretich (Odum
& Baumann, 2007). Typickym piikladem v sexualité
muze byt substituovin{ intenzivnich sexudlnich prozitki
za sledovdni zdzitki jinych, zejména takovych, které
zahrnuji prvky BDSM kompenzujici nemoznost ziskin{
obdivu a plnénf sexudlnich pfini obdobnych zobrazenym
¢ odddni se submisivni roli do miry, kterd je zobrazena
(Schuerwegen, 2021).

V piipadé zdvislostf je vSak toto kompenzovin{
velmi nebezpec¢né. Dochdzet totiz miize také k tzv. coping
neboli zvlddaci strategii, kterd je pfitomna zejména pri
stresové a psychické zdtézi. Jedinec tak substituuje néjaké
chovin{ jinym — pifjemnym, zidoucim (Eisenberg et al.,
1997, Wechsler, 1995). Pi takové strategii ovSem hroz{
veliké riziko zdvislosti, jelikoZ pii kompulzivnim chovin{
— tedy takovém, kdy jedinec chce potlacit sviij negativni
stav — daleko rychleji dochdzi k upeviiovini prfjemného
pocitu oproti nepffjemnému, a tudiZ se i rychleji rozviji
potencidlni zdvislost. Naproti tomu impulzivni chovin{
— tedy takové, kdy neni v intencich ¢lovéka kompenzovat
negativni stav, ale naopak podpofit stav pozitivni ¢ zkrdtka
nutkdni vyhleddvat intenzivni zdZitek — je spojeno s tzv.
Sensation Seeking, o kterém hovoiime pozdé&ji (Raymond et
al., 2003).

Znechuceni jako potencidlni blokitor chovani a
sexudlni vzruseni jako blokator znechuceni

Ackoliv se znechucent ukazuje jako jedna ze zdkladnich
emoci napfi¢ kulturami (Darwin, 1872; Ekman, 2006), je
t¢mito kulturami také rtizné ovlivnéna a rovnéz se utviif
podle jednotlivet (Sawchuk, 2009). Znechuceni jako
takové je adaptivni reakef, kterd napovidd organismu, Ze
je pro n¢j dand véc nebezpednd ¢ Skodlivd, je tedy jednou
z nejdulezitjsich evoluénich strategif.

Znechuceni mtizeme rozdélit do tff typt: patogenové,
moridln{ a sexudlni (Tybur, Liebermann & Griskevicius,
2009). Patogenové se jako adaptace vyvinulo k tomu,
aby brdnilo kontaktu s potencidlnimi bakteriemi, které
jsou obsazeny naptiklad ve zkaZeném jidle ¢i lidskych
vymé&cich (Curtis, de Barra, & Aunger, 2011). Zajimavym
prikladem je pocit nevolnosti od Zaludku ¢i pripadné
nutkdn{ zvracet, pokud vidime zvracet né¢koho jiného. Toto
chovinf{ je ziejmé poziistatek z evoluénf historie ¢lovéka,
kdy predek ¢loveéka jesté zil v mensich spolecenskych
uspordddnich, tlupdch, které se Zivily stejnou potravou.
Pokud jeden z ¢lent tlupy zacal zvracet, indikovalo to,
7e potrava je zkazend, jedovatd a méla by byt vyzvricena.
Jedinec s citlivéjsim zaludkem tak v podstaté chrdnil ty,
jejichz trdvici soustava by potravu sice prijmula, ovem
posléze je napiiklad otrdvila (Buss, 2005).

Moridlni znechuceni se v lidské evolu¢ni historii
etablovalo predevsim ze socidlnich davodt. Kooperace a
ndsledné benefity z nf se stala diileZitou ¢dstf v prezivini a
mordln{ znechucenf tak pfedchdzi porusovin{ zavedenych
socidlnich norem (Tybur, Liebermann & Griskevicius,
2009; Kelly, 2011). Vyvolini znechuceni/odporu tak
v nds automaticky budf pocit, Ze je to $patné, nemordln{
(Rachman, 2004).

Sexudlni znechuceni velmi dzce souvisi se
znechucenim mordlnim. Jako nejvice ilustrativni priklad je
piiklad zndsilnéni. Stejné jako predchozi typy znechucent,
i sexudln{ znechucenf jednotlived, zna¢né variuje, na cemz
md zdsluhu nepfeberné mnozstvi vlivad, jako je kultura,
vychova, sexudlni preference, sexudlni orientace, a jiné
(Rozin et al., 1999; Tybur et al., 2018).

Co se ty¢e sexudlniho znechuceni, miiZzeme za takové
povazovat to, ke kterému jistym zptsobem muize dochdzet
pii vybéru partnera. Nejednd se ale o znechuceni jako
takové, jako spfSe o signdly, které protéjsck shleddvd
jako neatraktivni, a které mohou znacit pro né¢j ne prili§
vhodnou genetickou vybavu pro zplozeni potomka
(Tybur et al., 2009). Znechucenf pfi samotném sexu muze
nabyvat riiznych rozméra. Nékterymi kulturami i jedinci
je za nechutny povazovin napiiklad ordlni sex, andlnf sex
¢i urcité sexudlni pozice a praktiky (Crosby et al., 2020).

Sexudlni znechuceni spole¢né¢ s mordlnim byvd
velmi problematické a ¢asto nekonsenzudlni, nezikonné
a nepfijatelné. To je predev§im velmi problematické
z hlediska jiz zminénych sexudlnich excitatnich a
inhibi¢nich procest. Sexudlni excitaci ¢asto chybi pomyslnd
wstop fize® a kromé zminéného zndsilnéni se pak objevuji
jevy jako je pedofilni, nekrofiln{ ¢ zoofilnf chovini (De
Jong et al., 2013; Georgiadis & Kringelbach, 2012; Stein
et al, 2010). Toto nezastaveni excitatntho procesu je
velice silné ovlivnéno prostfedim, ve kterém jedinec
vyrustd, jeho osobnostnimi rysy (s pffpadnymi poruchami
chovdni), i nedostatkem zkuSenosti a ,,naucenim* se toho,
co je povazovino za nechutné ¢ nepfijatelné (De Jong ct
al., 2013).

Co se tyc¢e znechuceni a BDSM, tedy sadomaso-
chistického ¢ dominantné/submisivntho chovini, je
znechuceni prvek, ktery hraje v BDSM pomérné znaénou
roli. Dulezité je ale mit na védomi, Ze zatimco jedinci
nepraktikujicimi BDSM  mitizou byt nékteré aktivity
povazoviny za nechutné, pro BDSM participanty jsou
naopak vzrusivé. V tomto piipad¢ se jednd o hleddni
jakéhosi equilibria mezi znechucenim/bolesti a sexudlnim
vzrudenim. PfiCemZ s nabyvajici Cetnosti zkuSenostf,
se rovnéz objevuje adaptace na podnéty a dochdzi tedy
k intenzivngj$im a novym praktikim (Simula, 2019). Za
snad nejextrémnéjsi praktiku, ke které muze dochdzet pti
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dosazeni pomyslného konce pomyslné linky vzruseni/
znechuceni, je (z pohledu priva konsensudlni — receptivni)
zoofiln{ chovidni, o kterém autofi &ldnku zjistili, Ze muze
byt extrémnim pifpadem dtikazu poslusnosti a podddni se
za d¢elem maximalizace poniZeni, studu a podfizenosti,
kterou né&kteii jedinci potrebuji k dosazeni pozadované
intenzity prozitk (Binter et al., 2015).

Sexudlni vzruseni totiz muize slouzit jako docasny
blokdtor znechuceni. Pfi <etnych experimentilnich
méfenich (napf.: Ariely & Loewenstein, 2006; Borg &
de Jong, 2012; Stevenson et al., 2011) bylo dokizino,
7e participanti, kterym byl prezentovin sexudlni stimul,
byli nisledné méné znechuceni pfi vystaveni se stimulu,
ktery md vyvoldvat znechuceni. Sexudlné excitaéni proces
v této chvili prevdzi sexudln{ inhibitory a potlacf tak ndstup
znechuceni, tedy signdlu, Ze by se dané véci mé¢l vyhnout.
Coz je problematické a nebezpe¢né pfi pravé zminénych
ptipadech pedofilie, zndsilnénf atp.

Kapsaicin a BDSM jako intenzivni a extrémni
piiklady bézného chovani

Jednim z extrémngjSich pripadd, na kterém Ize oviem
velmi dobfre ukdzat propojeni prozitku z jidla a prozitku ze
sexu, je konzumace velmi pdlivych jidel, jako jsou papriky
obsahujici rostlinny alkaloid Kapsaicin (Fattori et al.,
2016), ktery je zodpovédny za intenzivni pocit pdlivosti,
hranicici s bolesti. Kapsaicin aktivuje receptory, které jsou
zodpovédné za vnimdn{ tepla. Pdlivd vlastnost kapsaicinu
tak ve skute¢nosti nenf citit ve smyslu chutového vjemu,
ale je vinfmadna skrze prozitek (Smutzer & Devassy, 2016).
Tato pdlivd bolest je tak vnimdna stejnym procesem, jako
fyzickd bolest. Je samoziejmé upozornit, Ze primdrnim
dcelem konzumentt vSak nenf vyhleddvin{ bolesti, jako
spi§ slasti, kterou tento prozitek pfind$i. Jako u slasti
z tlevy, kterd se dostavuje po odeznénf z bolesti, i v tomto
piipadé se aktivuje uvolnovini endorfinti za tcelem
potlaceni ¢i eliminovin{ bolesti (Dishman & O’Connor,
2009).

Takovyto druh prozitku je 1 presto ze svého
zdkladu bolestivy a tudiZ averzivni. Prozitky bolesti at
uz v sexu ¢i jidle sice nejsou ni¢fm vyjimeénym, aviak
stile je vyhleddvin{ téchto prozitkti vnimdno jako néco
okrajového, specidlntho. Mnohymi jsou vsak tyto vjemy
vyhleddviny byt tfeba jen na zdklad¢ vet3i adaptivnosti
(schopnosti zvliddn{) na tyto prozitky, kterd je zptisobend
at uZz geneticky (Allen, McGeary & Hayes, 2014),
fyziologicky (Dufty, 2007) ¢ kulturné (Spence, 2018).
Nicméné, zdd se, Ze vetsi tolerance k palivému jidlu je také
dzce provdzdna s vyssi hladinou testosteronu (Bégue et al.,
2015). Vétsinou jsou to muzi, kteff 1épe sndseji tento velmi
intenzivni vjem. Zajimavym zjisténim nicméné je, Ze
preference pro pdlivd jidla byvd spojovdna s osobnostnimi
znaky jako je agrese (Ji et al., 2013) ¢&i extraverze (Wheeler
& Berger, 2007).

Vyhleddvini a konzumace pdlivého jidla byvd také
spojovdna se samotnym zdzitkem (Terasaki & Imada,
1988). Tento fenomén je zndm jako tzv. Sensation Secking.
K takovému typu chovini fadime vyhleddvini zdZitka,
které jsou velmi intenzivni ¢i riskantni, které vSak prindseji
uspokojeni v podobé¢ adrenalinu (Byrnes & Hayes,
2016). Mnoho osobnostnich vlastnosti, jako naptiklad
impulzivita ¢ nekontrolovatelnost, které také byvaji
spojoviny se Sensation Seeking, viak byvd spojovidno i se
zdravotn€ rizikovym chovinim, od nadmérné konzumace
alkoholu ¢i drog, pies rizikové sexudlni chovini az po
fizeni automobilu pod vlivem alkoholu atp. (Stout et al.,

2005; Zurborg et al., 2007; Hopko et al., 2006).

Timto se opét dostivime k BDSM, dili k sado-
masochismu. Ackoliv muaze byt vnimdn nékterymi zdroji
jako sexudlniporucha ¢i psychopatologie, BDSM komunity
a néktef{ vyzkumnici se proti tomu vyhrazujf, jednd se
pouze o sexudlni preferenci (Wismeijer & van Assen, 2013)
a jednd se o osoby emoc¢né a psychicky vyrovnané, které
pfijaly svou sexudlni roli (Weinberg, 2006). Nejnovejst
verze diagnostického manudlu psychickych poruch DSM-
5 tuto situaci fesi tak, Ze sadismus i masochismus je variac{
sexudlni preference, pokud nemd negativni dopad na
jedince ¢ jeho okoli. Pak je diagnostikovin jako sadistickd,
respektive masochistickd, porucha (American Psychiatric
Association, 2013).

Na ptipadech pdlivého jidla a BDSM tak Ize zajimavé
ilustrovat paralelu téchto dvou velmi intenzivnich
praktik. BDSM, stejné jako preference pdlivého jidla,
byvd spojovino se zminénym Sensation Seeking. Oba
tyto pojmy jsou praktiky a ndsledné stavy, které jsou
velmi intenzivni a pro svou intenzitu také vyhleddvané
(Byrnes & Hayes, 2016; Schuerwegen et al., 2021). Ze
své podstaty se jednd rovnéZz o praktiky riskantni, ov§em
obvykle nikoliv Zivot ohrozujici. DileZité je vsak z tohoto
hlediska mit na védomi, Ze i zde opét dochdzi k procesu
postupného zvySovanf intenzity. Pokud jedinci zkusf tuto
praktiku poprvé napt. s extrémné pdlivym jidlem ¢i velice
intenzivni{ a slozitou BDSM praktikou, na Zivoté to sice
ohrozujici neni, ovSem nedochdzi k procesu postupnych
pfijemnych stavii a uenf se na podnéty, tudiz na jejich
zvykdni, a takovi jedinci zf'ejmé tyto praktiky jen tak znova
vyhleddvat nebudou.

Konzumace pilivych jidel ¢i BDSM praktiky je tak
kombinacf pocitt slasti a bolesti, ¢fmZ se opét vracime k jiz
zminovanému vztahu téchto dvou intenzivnich stavii. I
v tomto piipade jde o jakési hleddni equilibria mezi témito
prozitky, o idedlni kombinaci, kdy je bolest natolik velkd,
aby pfindsela jedinci jistou miru slasti (¢dste¢né i z jejiho
zvldddni), ale nenf natolik velkd, aby mu byla nepiijemnd.

A opét, v pripadé ¢asté konzumace pdlivého jidla, resp.
jidla obsahujictho Kapsaicin, dochdz{ k adaptaci receptorti
na tento vjem a tudiz ke snizovdnf citlivosti (Touska et
al., 2011). To stejné lze hledat i u sexudlnich podnéti
— dochidzi k navyknuti si na stejné podnéty a ndsleduje
tedy slab3i sexudlni odpovéd a dochdzi k hleddni stile
explicitnéjsich podnéti ¢ materiltt (pornografickych),
aby bylo dosaZeno stejné drovné fyziologického vzrusent
jako pred navyknutim si na tyto podnéty. Nutné je viak
upozornit, ze tento jev je vice pfftomny u muzii nez u zen
(Harper & Hodgins, 2016; Koukounas & Over, 2000; Laan
& Everaerd, 1995; O’Donohue & Plaud, 1991).

Tuto podobnou paralelu lze ovSem hledat i u
zdvislosti, které, jak jsme zminili, spo¢ivaji v postupném
a stdle Cast&j$im a intenzivnéj§im vystavovini se urcitym
podnéttim/substancim. Z hlediska zneuZivini drog
viak dochdzi k velmi zdvaznym zdravotnim rizikam,
protoze napiiklad stejné mnozstvi urcité drogy, které pro
zkuseného konzumenta je ,normdlni* z hlediska adaptace
na tuto litku, mtze byt pro nezkuseného konzumenta
fatdlni (Gable, 2004).

Feederism - spojeni jidla a sexudlniho vzruseni

Na zdvér bychom chtéli zminit zajimavy a extrémnf{
priklad spojent sexudlnich prozitkt a prozitka z jidla na
pomérné neprobddaném jevu. Jednd se o tvz. Feederism,
tedy fenomén, ktery by se dal popsat jako vzrusenf
z tloustnutf, pffjmu potravy a celkové ,erotizovini

151



Prehladové stidie

jidla (Gates, 2000; Giovanelli & Peluso, 2006; Kulick,
2005; Murray, 2004). Ackoliv preference vétdi télesné
hmotnosti u partnera nenf ni¢im zvld$tnim a je ovlivnéna
jak osobnostnimi preferencemi, tak napiiklad i evolu¢né
(Singh, 1995) a kulturné (Henss, 2000), u Feederismu
nedochdzi ke vzruseni ze samotné télesné hmotnosti, ale
ke vzruSeni z nabyvini tukt. Tento jev byvd Cast&jsi u
muzi, kteti shleddvaji uspokojujici, kdyZz svou partnerku
Lvykrmuji“. Tyto jedinci jsou oznacovani jako Feeders.
Naopak jako Feedees se oznacuji ti jedinci, u kterych
dochizi k sexudlnimu vzrusenf z jidla, ze samotného aktu
pffjmu potravy, z pocitu ,byt krmen® & ze samotného
nabyvini vihy. Tato strana tohoto fenoménu byvd éetnéjsi
u zen (Kulick, 2005). Tento jev je tedy vice prftomny
u heterosexudlnich pdra, kdy Zena zastivd roli, kdy se
nechdvd od partnera ,krmit“ (Gates, 2000; Kulick, 2005).
Jevje pfitomny i v gay komunité, kde tyto roli plni prevdzné
muzi a oznaluji se jako ,pffjemci®, ,povzbuzovadi® (v
prijmu potravy), ,vzdjemni prijemci ¢i belly builders, tedy
cilem a vzru$ujicim prvkem je tolik znimé, a mnohymi
obdvané, muzské brisko (Gates, 2000; Monaghan, 2005).

Jidlo tedy nejenom, ze prochdzi podobnymi procesy,
jako sexudlnf uspokojent, ale dokonce miize samo pusobit
jako excitaéni prvek. Odména ve formé jidla a ve formé
sexu je tak spojena a tvoif jeden intenzivni prozitek. Coz
je koncept velice podobny zminované kombinace bolesti
a slasti a potvrzuje kombinaci riznych podnétt jakoZzto
mechanismu k dosazeni co moznd nejintenzivngjsiho
prozitku a slasti, byt tato paralela nenf stoprocentni.

Ackoliv v tomto piipad¢ panuje oboustranny
konsenzus, muze byt tato praktika potencidlné velmi
zdravotné nebezpe¢nd a Skodlivd. Jednd se tedy o sexudln{
feti§, na ktery by méla byt zaméfend véts{ pozornost,
jeliko? je pfimo ohrozujici zdravi jedince.

Zavér

V tomto ¢linku jsme se zabyvali obdobou dvou procest,
které jsou na prvni pohled velmi odli$né, ovSem pfi bliz§im
pohledu se ukazuje jejich podobnost. Napsini tohoto
¢linku bylo motivovino faktem, Ze vysvétlit nékteré
zdkonitosti lidské sexuality, jeji abnormality a piistup
k jejimu studiu je vhodné paralelou s jidlem doprovizet.
Semindln{ studii Georgiadise a Kringelbacha (2012), ktef{
se vénovali privé obdobim cyklti téchto dvou aktivit,
bychom rddi doporucili k prec¢tent i nasim kolegtim.

Ackoliv mechanismus zdvislosti je v téchto ptipadech
do ur¢ité miry podobny zdvislosti na substancich, jako
jsou drogy, zdvislost na jidle a sexu ¢i pornografii nenf
prili§ probdddna a je stile otizkou, zda takovd ,zdvislost®
skute¢né existuje. Jednim z dtivodt je nejednotnd etiologie,
a ne vzdy prokazatelné patologické chovéni, resp. panuje
nejasnost v kategorizovani zdvislosti, pokud chovidni nenf
patologicky fatdlni. To ov§em neznamend, Ze toto chovini
nenf Skodlivé. V dnesni dob¢, kdy dochdzi k daleko
vice pifpadtim behaviordln{ zdvislosti neZ v minulosti, je
vsak vénovina pozornost i témto piipadiim, oviem presné
mechanismy a moznosti, jak tyto zdvislosti potlacit, prili§
probddiny nejsou. Ve viech téchto pfipadech vsak dochdzi
k adaptivnim procestim, tedy ke zvykdni si na dané podnéty
ak postupnému zvySovini ddvek ¢i hleddn{ intenzivnéjsich
a extrémnéjSich stavi a podnétti. Tyto procesy jsou
pritomné jak u substan¢nich litek, tak i u chovdnt, pricemz
stdle Castéj$i opakovdni spole¢né s adaptaci na tyto vjemy
muiZze vyvoldvat zdvislosti, nebo jejich obdoby.

Jak uz jsme vSak zminili, rozdil mezi substan¢nimi a
nesubstanénimi zdvislostmi je znaéné problematicky a ne
vzdy panuje konsenzus, aby se dané chovini dalo oznacit
za zivislost. Napiiklad divodem patologizace gamblingu

je zfejmé jeho dopad na psychiku a casté sebevrazedné
sklony ¢ dokonané sebevrazdy hrict. Jev je tedy dile
Siroce patologizovin laickou vefejnosti i odborniky. Hran{
na pocitaci ¢i konzolich mitiZe nabyvat obdobnych rozméra
(co do fyziologické reakee), ale finan¢né ani socidlné nen{
tak penalizujici. Nékolik vyznamnych publikaci na toto
téma zapfi¢inilo, Ze obdobné chovini a nesubstanéni
obsese nebyly zahrnuty do manudlu DSM-5. Toto téma
by jist¢ vydalo na mnohondsobné obsihlejsi ¢linek, na coz
zde jiz, z dtivodu obsihlosti, nebyl prostor.

Zivislost jako takovd miZe byt Casto vysledkem
zacykleni se v procesu wanting-liking-learning a je velice
snadné témto vjemtim podlehnout a mit poté neustilou
potiebu tyto viemy vyhleddvat a zintenziviiovat je.

Ziroven doufime, Ze se ndm podaftilo ukdzat extrémni
formy jidla a sexu jako hleddni velmi intenzivnich
prozitkd, které jedinci vyhleddvaji nikoliv na zdkladé jakési
osobnostn{ poruchy ¢i patologie, ale na zdkladé kombinace
extrémniho, az bolestivého zdzitku, a pocitu slasti. Tento
pocit slasti muze vychdzet ze skute¢né preference pro
takovy zdzitek, z jeho zvlidnut{ i z vzdjemného prekryvin{
drah v nervové soustavé. A zrovna ,nenormdlni® formy
jidla, souvisejictho vzhledu a (konsenzudlnich) sexudlnich
praktik a zna¢né variability konzumace obou t&chto
wkofen{ Zivota® jsou jedinci ¢asto odsuzovdni a podléhaji
predsudkam.
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The COVID-19 pandemic along with the restrictions that were introduced within Europe
starting in spring 2020 allows for the identification of predictors for relationship quality
during unstable and stressful times. The present study began as strict measures were
enforced in response to the rising spread of the COVID-19 virus within Austria, Poland,
Spain and Czech Republic. Here, we investigated quality of romantic relationships
among 313 participants as movement restrictions were implemented and subsequently
phased out cross-nationally. Participants completed self-report questionnaires over a
period of 7 weeks, where we predicted relationship quality and change in relationship
quality using machine learning models that included a variety of potential predictors
related to psychological, demographic and environmental variables. On average, our
machine learning models predicted 29% (linear models) and 22% (non-linear models)
of the variance with regard to relationship quality. Here, the most important predictors
consisted of attachment style (anxious attachment being more influential than avoidant),
age, and number of conflicts within the relationship. Interestingly, environmental factors
such as the local severity of the pandemic did not exert a measurable influence with
respect to predicting relationship quality. As opposed to overall relationship quality,
the change in relationship quality during lockdown restrictions could not be predicted
accurately by our machine learning models when utilizing our selected features.
In conclusion, we demonstrate cross-culturally that attachment security is a major
predictor of relationship quality during COVID-19 lockdown restrictions, whereas fear,
pathogenic threat, sexual behavior, and the severity of governmental regulations did not
significantly influence the accuracy of prediction.

Keywords: attachment style, relationship quality, COVID-19, intimate relationships, machine learning, pair bond
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INTRODUCTION

Viral Threat and Political Measures

In spring 2020, the world-wide spread of the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) led to
stressful and insecure conditions across many nations -
which corresponded with severe health, economic, and social
disruptions (United Nations [UN], 2020; World Health
Organization [WHO], 2020). In Europe, the actual spread
and effects of the virus, as well as national counter measures,
differed between countries. For example, Spain had one of
the highest infection and mortality rates in Europe, leading
to limited access to medical care and the modification of
public facilities to be used as field hospitals and morgues.
Consequently, a nationwide state of alarm was issued, and the
free movement of citizens was drastically restricted (Ministerio
de la Presidencia, 2020). Despite lower case counts, Austria
responded with curfew restrictions to limit the spread of the
virus (Bundesministerium fir Soziales, Gesundheit, Pflege und
Konsumentenschutz [BSGPK], 2020), and even countries with
very low case numbers such as Czech Republic and Poland
adopted strict defensive measures, such as prohibiting gatherings
and introducing minimal distance measures (Dziennik Ustaw,
2020; Dziennik Ustaw, 2020). Varying viral impacts and medical
capacities notwithstanding, all of these countries eventually
introduced strict regulations, and all of them encouraged or
reinforced “social distancing” by prohibition of gatherings or
movement restrictions.

The Crisis and Intimate Relationships
Previous research has shown that stress impacts both relationship
quality (i.e, how good people subjectively perceive their
relationship to be) (cf. Randall and Bodenmann, 2009, 2017),
and the way intimate partners conjointly deal with stress
(Falconier et al., 2015). Relationship quality in turn is closely
linked to many parameters of well-being, including psychological
and bodily health (South and Krueger, 2013; Pieh et al,
2020). Independent of the elicited stress, social isolation
that removes other contacts facilitates an exclusively dyadic
relationship for couples living together, and the rise in domestic
violence since the implementation of movement restrictions
suggests that this is not healthy for all romantic relationships
(Bradbury-Jones and Isham, 2020).

Importantly, attachment style may be an influential factor that
might determine how such restrictions and stressors influence
relationship quality. Attachment theory has originally been
proposed as an ethological framework that explains children’s
reactions to stressful situations (Ainsworth and Bowlby, 1991).
Individual developmental trajectories of attachment remain
highly influential in adulthood, becoming activated upon stress
exposure (Gillath et al., 2006) and influencing behaviors
within intimate relationships as adults (Mikulincer et al,
2002). Similar to relationship satisfaction, secure attachment
is significantly correlated with greater health and well-being
(McWilliams and Bailey, 2010), where securely attached adults,
whether in a relationship or not, may have overall more

psychological resources to cope with distress. A variety
of studies have found that securely attached individuals,
as opposed to those with non-secure attachment styles,
are affected more by distress (Zakin et al, 2003), and in
turn are more prone to distort their representations of
themselves and their social environment (Mikulincer et al., 1998).
Furthermore, attachment security is crucial for maintaining
satisfactory intimate relationships, and several studies have
shown connections between attachment security and relationship
outcomes, although determining causality poses a problem (see
Mikulincer et al., 2002 for a review). A variety of dynamic
factors may at least partially account for such effects—for
example, securely attached persons are known to engage in
more mutual forms of conflict resolution than anxious or
avoidant types (Corcoran and Mallinckrodt, 2000), and conflict
style in turn has a major influence on relationship satisfaction
(Cann et al., 2008).

Feeney (2002) notes that as opposed to securely attached
persons, insecurely attached individuals’ evaluation of their own
relationship as more strongly influenced by their partners’ recent
behavior. Therefore, when predicting reported relationship
quality, taking recent events into account (e.g., amount of fights)
in addition to attachment style to the partner may aid in
the prediction of models aiming to capture such interactions.
Moreover, the same events could be appraised differently by
securely and insecurely attached individuals (Collins, 1996),
making it essential to consider both actual events relevant to
relationships and inner working models (i.e., the attachment to
the partner). Thus, depending on the inner resources to deal with
external stress and the inner representations of social relations,
the COVID-19 crisis could turn out to be stabilizing for some
relationships, and destabilizing for others.

Stressful periods such as the 2003 SARS outbreak have been
shown to have significant impacts on intimate relationships
that last far longer than the actual threat, evidenced by
higher stress levels and increased divorce rates (Census and
Statistics Department, 2007; Lee et al., 2007). One of the social
behavioral systems affected severely by stress is sexual satisfaction
and engaging in sexual activity with a partner (Bodenmann
et al., 2006; Yehuda et al, 2015), an important and often
defining feature of intimate relationships in humans (Hazan
and Shaver, 1987). Critically, however, the role of sexuality
in stable relationships and its impact on psychological aspects
such as well-being and relationship quality is still omitted in
many studies (cf. Heiman et al.,, 2011). Notably, frequency of
sexual intercourse has indirectly been shown to be affected by
external crises, where around 9 months after severe threats,
birth rates reliably go down throughout cultures, whereas
milder threats such as low-severity storm advisories lead to
increased birth rates (Evans et al.,, 2010; Chandra et al., 2018;
Richmond and Roehner, 2018a,b). A more subjective measure
of sexuality in couples, sexual satisfaction, has been shown to
relate to relationship quality as well as relationship stability,
where interestingly, this effect seems to be stronger for men than
women (Sprecher, 2002). Indeed, the “relationship state model”
proposed by Birnbaum and Finkel (2015) concludes based on
empirical evidence that sex plays an important role in dyadic
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bonding processes, but varies in influence over different stages
of relationship development.

Importantly, recent studies have linked attachment systems to
a variety of sexual behaviors (e.g., Davis et al., 2006; Butzer and
Campbell, 2008), where interestingly, sexual satisfaction might
even mediate the effects of attachment anxiety on relationship
satisfaction in women (Birnbaum, 2007). Moreover, securely
attached persons tend to have less promiscuous and casual sex
(Bogaert and Sadava, 2002). It has furthermore been suggested
that low levels of environmental pathogens coincide with more
liberal sexual behavior including promiscuity and casual sex and
may even account for the evolution of cross-cultural differences
in sexual norms (Thornhill et al, 2009; Tybur et al., 2015).
Both aspects make sexual behavior a particularly interesting
facet of human functioning and behavior during a world-wide
medical crisis, and an indispensable factor to consider when
observing intimate relationships. Here, we consider the frequency
of engaging in sexual behaviors with a partner and sexual
satisfaction as potential predictors of relationship quality during
an external crisis, the COVID-19 pandemic.

Predicting Relationship Quality Using

Machine-Learning

The present study investigates a period in the spring of 2020,
during which strict movement restrictions in response the
COVID-19 pandemic were implemented and subsequently
relaxed in Austria, Poland, Spain and Czech Republic.
Over a period of 7 weeks, individuals from these countries
completed self-report questionnaires in relation to their
romantic relationships, partner attachment, and sexual behavior,
as well as questions related to the pandemic and the perceived
threat associated with the virus. Our goal was to determine
which variables predict (i) relationship quality during this crisis,
and (ii) changes in relationship quality during the crisis. More
specifically, we hypothesized that attachment security (both
anxious and avoidant dimensions) and sexual behavior (sexual
activity with partner and sexual satisfaction) would be major
predictors of both overall relationship quality and maintaining
relationship quality during these unstable times, where more
secure attachment, higher sexual satisfaction, and more sexual
activity would lead to higher relationship quality.

Based on literature, we explored a range of other variables that
may improve the prediction accuracy, or potentially influence,
the effect of attachment and sexuality on relationship quality (see
Table 1). Variables related to the relationship itself include: (i)
duration of the relationship, which is expected to be inversely
related to overall relationship satisfaction (Birditt et al., 2009),
however, relationships that have existed for longer prior to the
pandemic might be more stable and less subject to changes
in quality over the course of the lockdown, (ii) whether
dyadic partners live together, (iii) physical contact in general
and specific to the partner, since touching interactions are
known to relate to bonding as well as stress management, yet
are poorly investigated (Brennan et al., 1998; Ditzen et al.,
2007; Van Anders et al, 2013), and (iv) demonstration of
affection in romantic couples (i.e., kissing) which has been

found to relate to conflict resolution and relationship satisfaction
(Gulledge et al., 2003; Floyd et al., 2009). Moreover, we
also investigated aspects known to load on the dimensions
independence, intimacy, and agreement/conflicts of relationship
quality, respectively (see Hassebrauck and Fehr, 2002). Except for
“conflicts,” which are known to negatively influence relationship
satisfaction, we expected that these dimensions would positively
contribute to maintaining high relationship quality during the
crisis. Additionally, environmental measures included (i) actual
pathogenic threat (local spread of infections and mortality),
and (ii) stringency of measures introduced by a given nation’s
government. Here, we aimed to explore if macro-level factors
related to the pandemic would have a predictive value for
relationship quality or change in relationship quality, and if
so, how they interact with psychological variables. Further, we
directly included a subjective assessment of threat associated
with economic loss, as well as the subjective fear of the
virus (independent of local prevalence or mortality). Moreover,
we included demographic information potentially influencing
aspects of romantic relationships.

We employed two types of robust, cross-validated machine-
learning models: Least Absolute Shrinkage and Selection
Operator (LASSO) (Tibshirani, 1996), and Extremely
Randomized Trees (ExtraTrees) (Geurts et al, 2006). These
models allow one to incorporate many variables while avoiding
over-fitting, and potentially to make accurate predictions in a
novel pool of participants. Extremely randomized trees are in
addition non-parametric and can detect complex non-linear
interactions between the variables beyond linear correlations.
Taken together, this approach outperforms conventional
statistical models in sufficiently large datasets when dealing with
multiple input variables and allows one to make generalizable
conclusions about the relations between predictor variables and
target variables.

TABLE 1 | Input features (“predictors”) used to predict reported relationship quality
and change in relationship quality.

Target Relationship quality; change in rel. quality

Predictors Country; stringency of restrictions

Existential economic losses

Spread of SARS-CoV-2; COVID-19 mortality
Perceived threat of virus

Age + ; Sex; Sex. orientation; family status
Relationship duration; living with partner
ECR-R anxiety + ; ECR-R avoidance

Sexual activity; sexual satisfaction

Kissing; physical contact to partner and in general
Partner is tolerant

Discussing important problems with partner
Joint activity +

Partner takes time +

Conflicts with partner +

Features with a median permutation feature importance (PFl) greater than 0.05 for
the target relationship quality are marked with “+.” None of the features had a
median PFl greater than zero for the target change in relationship quality.
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MATERIALS AND METHODS

Participants

Our sample consisted of 313 adult participants (mean
age = 32.02 years, SD age = 12.99; 236 female; 267 heterosexual)
who reported to be in a romantic relationship (mean
duration = 7.18 years, SD = 8.58 years) and who repeatedly
participated over a 7-weeks period. Participants resided in
four main countries: Austria (n = 104), Poland (n = 87), Spain
(n = 65), Czech Republic (n = 33), and four additional regions
(Germany, Netherlands, Italy, Pakistan; n = 24).

No exclusion criteria were applied, but all cases with missing
variables of interest were excluded for the machine learning
models (see section “Results” for the number of samples
included in each model).

Characteristics of the Studied Countries

and Time Period
We actively sampled within four European countries, which
markedly differed in the prevalence of the virus and rates of
mortality, as well as the stringency of implemented measures by
governments and economic change (Petherick et al., 2020, see
also Figure 1 in Eder et al., 2021). In a sufficiently large sample,
these local differences allow for characterizing the predictive
value of aforementioned macro-level variables. The chosen study
period coincided with the implementation and loosening of
governmental measures, including curfews in the participating
countries. Accordingly, the first survey was completed by
participants between March 16th and 22nd (coinciding with the
first curfews in Austria, a nationwide state of alarm in Spain and
Czech Republic and a state of epidemic danger in Poland). The
last survey was completed between April 27th and May 3rd, 2020,
when the most drastic restrictions had been lifted in all countries.
The following section characterizes the socio-political climate
during the study period within the investigated countries.

Highly Affected: Spain

In Spain, a nationwide state of alarm was issued on March
14th 2020 (Ministerio de la Presidencia, 2020). Within the first
week of the survey, free movement of citizens was limited to
essential activities, and international borders were closed except
for the return of residents (March 15th, 16th). The dramatic
increase of infections during the second week of the study lead
to limited access to Intensive Care Units and to triage regulations
(Redaccién la Vanguardia, 2020). Facilities such as hotels were
used as provisional hospitals (Enguix, 2020), others as morgues
(Redacciol i agelncie la Vanguardia, 2020). At the beginning
of the third week (March 30th), all non-essential activities
were shut down. These restrictions were only slightly lifted in
weeks five, coinciding with the governmental prescription of
face masks in public transportation (Redaccion la Vanguardia,
2020). Throughout the surveys, Spain had one of the highest
infections and mortality rates in Europe (cf. Hale et al., 2020) and
was objectively under a higher pathogenic threat than the other
observed countries.

Middle Field: Austria

In Austria, the first week of the study coincided precisely
with the first nationwide curfew, encouragement of social
isolation and shut-down of non-essential infrastructure. Public
meetings of people not living together were prohibited, where the
government insinuated that meetings of people not living in the
same household were generally prohibited (the legal foundations
for such a wide-ranging prohibition were not necessarily given).
Minimum distances of 1 m between persons in public spaces
was prescribed (Bundesministerium fiir Soziales, Gesundheit,
Pflege und Konsumentenschutz [BSGPK], 2020). The economic
shut-down in Austria was slowly phased out toward the end
of the study, while wearing face masks became mandatory in
many situations (Bundesministerium fiir Soziales, Gesundheit,
Pflege und Konsumentenschutz [BSGPK], 2020). Infection rates
in Austria were successfully decreased by the measurements, and
at no time were there shortages in medical aid.

Low Infection Rates and Strict Regulations: Poland
and Czech Republic
On March 13th 2020, the Polish government declared a “state
of epidemic danger;” which led to limited use of public space,
mandatory quarantine at the borders, and closing of public
schools and universities (Dziennik Ustaw, 2020). As of March
24th 2020, citizens were only allowed to leave their residences for
work or to access essential infrastructure such as grocery stores,
and social gatherings were restricted to two persons. Mandatory
interpersonal distances were introduced in both public spaces
and working environments (Dziennik Ustaw, 2020). Restrictions
were phased out starting April 20th, at the beginning of weeks
6 of this study (Dziennik Ustaw, 2020). However, around that
time, a third of the population believed that the government
deliberately manipulated the case count (Molenda et al., 2020).
Thus, the corona crisis in Poland is not only marked by relatively
strict regulations, but also by divided opinions on the extent of
the medical threat and political divisions (Michalak, 2020).
Similarly, the Czech government declared a “national state of
emergency” on March 12th 2020, shortly before the start of this
study (Ministry of Health of the Czech Republic [MHCR], 2020).
A series of governmental regulations to prevent the spread of
COVID-19 had been implemented since March 2nd, including
the shutdown of schools, ban on sales in shops and restaurants,
closing the national boarders, as well as wearing face-masks in
public. Gathering of more than two individuals were prohibited,
and interpersonal distances of 2 m between individuals were
mandatory in all public spaces. The first victim of COVID-19 was
confirmed at the end of the first week of this study (March 22nd).
The government gradually lifted restriction measures starting
April 20th, week six of this study (Ministry of Health of the Czech
Republic [MHCR], 2020).

Procedure

Weekly surveys (administered via SoSci Survey)' were sent as a
link via e-mail to participants who had been recruited over social
media at the beginning of the study period and who agreed to

lwww.soscisurvey.com
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FIGURE 1 | Permutation feature importance (A) and model-based feature importance (B) over linear models with relationship quality as a target. (C) Use of
attachment security (overall ECR-R score) as a predictor by the non-linear models.

be contacted for the purposes of the study. Participants were the option to leave a contact address to be informed of the results
informed about the aim of the study and that they could stop  of the study. Communication with the participants took place in
participating at any point; they were fully debriefed and received  their native language.
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Surveys

To measure attachment security, we administered the
Experiences in Close Relationships Revised Scale (ECR-R,
Fraley et al., 2000) at the beginning and at the end of the
study, which allowed us to estimate the temporal stability of
this input feature. Validated translations of the questionnaire
were used, and if no translation was available the questionnaire
was translated by a native speaker and reviewed by another
native speaker (Polish version: Lubiewska et al., 2016; Czech
version: Cigler et al., 2019; Spanish version modified from
Fernandez-Fuertes et al., 2011).

Additionally, we assessed information regarding participants’
romantic relationship. Here, we surveyed one general question
directly targeting perceived relationship quality (4-point scale)
and one binary question each investigating (i) if the partners
engaged in joint activities, (ii) perceived tolerance for each
other, (iii) if important topics are discussed with the partner,
and (iv) taking time for each other. For each given week, (i)
number of conflicts with the partner, (ii) frequency of joint
sexual behavior, (iii) sexual satisfaction, (iv) kissing, (v) general
physical interaction, and (vi) close physical contact with the
partner were assessed (6-point scale from (“not at all” to
“5x and more”).

To include local and temporal changes in governmental
restrictions, we utilized a “stringency index” for each country
and week as described by Petherick et al. (2020), denoting
the gravity of governmental restrictions in response to the
pandemic. As a subjective measure of how the restrictions
affected the participants’ economic status, we asked if they
were threatened by economic loss due to responses to
the pandemic.

Further, we included confirmed cases and deaths per million
citizens (Sources: Eurostat, 2020; Hale et al., 2020) for each week
and country as a measure of viral spread and mortality. Again, we
probed participants for more a subjective measure of perceived
viral threat, defined here as the perceived fear of the virus. Here,
questions associated with fear of infection, perceived threat to
own health, and to the health of other people emotionally close
to the participant were collapsed to create the variable “fear
of the virus”.

Demographic and personal items were collected, including
sex, sexual orientation, relationship status, and country of
residence. Categorical features were one-hot (dummy) encoded.

In summary, Table 1 lists all input features included in our
machine learning models. Phrasing and scoring of the questions
are publicly available in the OSF-project.

Analysis

We fit two types of machine learning models, each trying to
predict the target variables of relationship quality and change in
relationship quality. One model was linear (LASSO, Tibshirani,
1996), and the other non-linear (ExtraTrees, Geurts et al,
2006). The models were evaluated within a nested cross-
validation procedure (90/10, 100 repeats each), where hyper-
parameter tuning took place in the inner loop and only used
training data from the current loop (Cawley and Talbot, 2010).

Cross-validation was stratified, controlling for participant ID to
counteract subject cluster learning.

The chosen models are particularly suited to handle many
input features (predictors) while at the same avoiding over-fitting.
Extremely randomized trees are non-parametric (the LASSO,
in contrast, imposes a linear structure) and handle complex
interactions between the variables, beyond what traditional
regression analysis could encompass. We compared the models’
performance in the respective hold-out sets to a trivial predictor,
which uses the mean of all target variables for each prediction.
The reported p-values indicate if the models perform significantly
better than such a trivial predictor. We report an R? value as
a measure of how much of the variance in the target variables
can be predicted by our models in new pools of participants
(the hold-out sets). Notably, this value will be smaller than
when a conventional model is being fit to all data, however, the
results are models capable of actual predictions for unknown
data. Therefore, it is likely that our models capture real existing
structures in the data and not artifacts.

To estimate the actual importance of each predictor for the
forecast, we report the median permutation feature importance
(PFI) for the better-performing model as the proportional loss
of explained variance if a variable is replaced by a random
(non-informative) array of that variable (Breiman, 2001). Thus,
if a given predictor has a PFI of 10%, this indicates that 10%
of the previously explained variance in the target is lost when
the models cannot meaningfully access the given predictor
variable. Further, we also show model-based feature importance.
In case of the linear model, this are the coeflicients assigned
to a variable by the models, normalized each by the sum of
all coefficients. In case of the non-linear model, this is how
much reduction in the error is caused by a specific variable,
averaged over the model.

For computing the machine-learning models, we utilized
the free machine-learning library scikit-learn (Version 0.22.2.,
Pedregosa et al.,, 2011, scikit-learn.org, most importantly the
functions “ExtraTreesRegressor”/”Lasso” to initialize the models,
“GroupShuftleSplit” to stratify the cross-validation procedure
and “permutation importance” as the main measure of feature
importance). All analyses were conducted in Python 3.7.7. and R
(R Core Team, 2017).

RESULTS

Relationship Quality Throughout the

Crisis

Overall, relationship quality remained fairly constant throughout
the aforementioned restrictions, as the majority of all participants
did not report any changes. However, exactly one third of all
participants did report changes in their relationship quality. We
aimed to predict these inter-individual differences regarding the
stability of relationship quality below.

Predicting Overall Relationship Quality
On average, around 30% of the variance in relationship
quality during the lockdown was successfully predicted by
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the linear models (LASSO), whereas the non-linear models
(ExtraTrees) on average predicted 22% of this variance (LASSO:
R%vg = 0.29, R? 1 edian = 0.33, p < 0.001; ExtraTrees: R%,y = 0.22,
R% edian = 0.23, p < 0.001; Nigials = 731).

Based on PFI, the most important predictors with an
importance over 5% for the linear model were age (13.92%,
younger age predicting higher quality), conflicts (12.88%, less
fights predicting higher quality) and attachment anxiety (8.62%,
less anxiety scores predicting higher quality) (Figure 1A);
whereas for the non-linear model, conflicts (6.32%, same
directionality), joint activities (5.68%, more joint activity
predicting higher quality), time investment (7.24%, more
investment predicting higher quality) and attachment anxiety
(5.60%, same directionality) were contributing most to the
explained variance.

The most important features remained the same when
assessing model-based feature importance, although in a different
order: Conflicts (0.13), attachment anxiety (0.12), age (0.11), joint
activity (0.09), time investment (0.07), and avoidant attachment
(0.07) for the linear models (Figure 1B); joint activity (0.25),
conflicts (0.14), attachment anxiety (0.13), avoidant attachment
(0.09), time investment (0.09), and tolerance (0.06) for the
non-linear models. For the better performing linear models,
Figure 1 shows the PFI and model-based importance of
all features.

The above models consider attachment anxiety and avoidance
as two separate predictors. To assess the overall importance of
attachment style relative to other variables, we then combined
both subscales of the ECR-R and used it as a single predictor.
Here, the ECR-R score indicating overall attachment (in)security
is by far the most important feature (responsible for 19.11 and
11.03% of the explained variance in the linear and non-linear
model, respectively).

Figure 1C shows how this most informative predictor (the
sum of anxiety and avoidance) is linked to relationship quality
in our non-linear models. It indicates that a non-linear use of this
measure is most beneficial when predicting relationship quality.

Changes in Relationship Quality Were

Not Predicted by the Surveyed Variables

As opposed to the overall quality, changes in relationship quality
could not be predicted by our models better than by a trivial
predictor (LASSO: R%*yyy = -0.14, R¥pedian = -0.06, p = 1;
ExtraTrees: R%3yg = -0.31, R¥median = ~0.14, p = 1; Nyyiq1s = 708).
The only feature with a model-based feature importance above
zero in both model types was the participants’ answer to the item
“my partner makes time for me” (model-based feature importance:
LASSO = 0.58; ExtraTrees = 0.24; PFly, = 0). A post hoc
analysis revealed a Pearson correlation of R = 0.21 (BF; = 0.695)
between this time-investment and the change in relationship
satisfaction over time.

Temporal Stability of Attachment

Security
An important predictor for relationship quality was attachment
security as measured by the ECR-R, and we performed a post hoc

group comparison with all participants that had filled in the
questionnaire both times (around 4 weeks apart). There was no
difference in attachment security between the beginning and end
phase of the lockdown (mean decrease by 0.05%, BFg; = 14.924;
N = 140). The shared variance was 76.91%, which is in line with
the good 3-weeks test-retest reliability reported for the ECR-R
(84-85% shared variance, Sibley et al., 2005).

DISCUSSION

The aim of the current study was to predict relationship
quality as movement restrictions in response to the COVID-
19 pandemic were implemented and relaxed in four European
states. Our linear models predicted around 30% of the variance
in self-reported relationship quality, where attachment style was
one of the most important predictors. This is in line with
studies reporting that ECR-R scores explain a large proportion
of individual differences in emotional experiences/responses
within relationships (Sibley et al., 2005). However, the same
variables could not predict changes in relationship quality over
that time period.

Predictors of Relationship Quality

Nationwide  movement restrictions  constitute  special
circumstances for people in romantic relationships, where
due to curfews, couples become each other’s only form of social
contact. Indeed, during unstable times such as the COVID-19
pandemic, people may have to endure increased stress levels
in response to the medical threat associated with the virus and
subsequent societal changes, which both in turn might further
influence relationship dynamics. In line with our hypotheses,
attachment security was a major predictor of relationship
satisfaction during the time of curfews and social restrictions.
These findings corroborate previous studies that have linked
attachment styles to relationship quality (e.g., Mikulincer et al.,
2002) where these effects may even be exacerbated by the
stressful effects of the COVID-19 crisis (cf. Gillath et al., 2006).
Mikulincer et al. (2002) propose three main avenues by which
relationship quality may be influenced by attachment style: (i)
secure attachment may orient individuals toward a positive bias
of dyadic interactions; (ii) positive representations of the self and
others may affect conflict management; and (iii) the satisfaction
of other psychological needs may be enhanced in securely
attached individuals (Mikulincer et al, 2002). Interestingly,
in the current study, the dimension “anxiety” was a more
important predictor than the subscale “avoidance.” Potentially,
this difference may be enhanced by a general decrease of external
security in times of crises.

Secure attachment may further relate to an internal locus of
control (Hexel, 2003), where securely attached individuals may
have more mechanisms to cope with the stress a world-wide crisis
elicits (Feeney, 1995). Indeed, an analysis of subjective health in
our sample shows that attachment security is a predictor of a
heightened sense of health (Eder et al., 2021). Speculatively, this
may mean that the effects of secure attachment are not limited
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to the relationship per se, but may exert an influence over other
psychological mechanisms.

Importantly, the accuracy of predictions for relationship
quality could have been enhanced by sampling information
from both partners. Senchak and Leonard (1992) report that the
pairing of attachment styles, rather than individual attachment
itself, is associated with marital satisfaction. Specifically, as
compared to couples where both partners are securely attached
(“secure couples”), couples where a securely attached person
is in a relationship with an insecurely attached person do
not differ from “insecure couples” with regards to marital
satisfaction. However, securely attached persons tend to pair
with securely attached partners (Senchak and Leonard, 1992),
potentially buffering this confounding factor. Nevertheless,
incorporating information about both partners might have aided
in the prediction of relationship quality and possibly even
the prediction of changes within this variable. This one-sided
perspective and lack of dyadic data must be noted as a clear
limitation of the current study and offers a starting point for more
extensive research.

Attachment theory has traditionally classified attachment into
discrete styles (Feeney and Noller, 1990; Ainsworth and Bowlby,
1991), although many have argued that attachment security
should be treated as a continuum (Fraley et al., 2015; Haslam
et al., 2020; Lubiewska and Van de Vijver, 2020). Indeed, the
method by which our non-linear models utilize the (continuous)
ECR-R score in order to optimize the predictions of relationship
quality (Figure 1C) suggests that a non-continuous use of the
variable (divided to the categories secure/less secure) may be
justified as a simplified measure when investigating implications
for adult relationship satisfaction.

Interestingly, the age of participants had a relatively high
feature importance, where younger participants self-reported
higher quality scores with respect to their relationships. Some
longitudinal evidence may support this conclusion, such as an
increase in unpleasant aspects in the relationship over time
(Birditt et al., 2009), where correlations between younger age and
higher relationship satisfaction have been reported previously,
albeit at small effect sizes (Lenger et al., 2019). Both longitudinal
and cross-sectional studies would be of value to follow up on
this finding.

In both linear and non-linear models, another important
predictor of how participants rated their relationship quality
was the number of arguments with their partner they reported
per week, where frequency of conflicts has previously been
associated with lower relationship quality lowered relationship
quality (Kluwer and Johnson, 2007). Our results confirm the
predictive value of the amount of conflicts, and suggest that
simplified behavioral observations or surveys on relationship
quality should include this dimension. Indeed, our findings
emphasize the dimension “agreement” over other dimensions
of intimate relationships, such as intimacy and independence,
but also sexuality (cf. Hassebrauck and Fehr, 2002). This is
surprising, since engaging in sexual behavior is an important
aspect of pair-bonding that has repeatedly been demonstrated
(Birnbaum and Finkel, 2015; McNulty et al., 2016). Moreover,
even though sexual satisfaction cannot predict changes in

relationship quality or vice versa in some studies (Byers, 2005;
Joel et al., 2020), as is in line with our results, it does seem to
relate to relationship quality at a given point in time (Byers,
2005; Joel et al., 2020), and in some studies even to future
relationship quality (Fallis et al., 2016). However, the actual
frequency of sexual intercourse alone is not a telling measure
of relationship satisfaction (Loewenstein et al,, 2015), and a
curvilinear relationship between sexual frequency and overall
happiness has been proposed (Muise et al., 2016), which, if
applicable to relationship satisfaction, should nevertheless have
been detected by our non-linear models. “Sexual afterglow”—
evidenced in elevated levels of sexual satisfaction—might
facilitate pair bonding beyond sex (Meltzer et al., 2017); however,
the effect could have been captured by our predictor “sexual
satisfaction.” Overall, neither sexual activity nor satisfaction was
predictive of reported relationship quality in our models, and
our data do not provide further evidence to the large body of
literature connecting these variables. A deeper understanding of
circumstances and motives (“sexual goals”) of sexual behavior in
romantic relationships may help to clarify this relationship (cf.
Muise et al., 2017).

Previous studies have found that changes in relationship
quality are more difficult to predict from self-report variables
than relationship quality at a given point in time (Joel et al,
2020). Our results show that this may be the case even in a
period where many quantifiable environmental factors act on
intimate relationships, since our machine learning models failed
to predict changes in relationship quality. The fact that we did
not observe changes for most participants may in part account
for this difficulty in prediction, since variance in the target
variable is important to identify predictors of this target. Possibly,
surveying information with respect to interpersonal variations
in stress-management and personality characteristics such as
optimism, self-efficacy, and resilience (so-called “psychological
capital”) could have improved our prediction, since personality-
dependent stress management is known to strongly alleviate
the effects of “objective” environmental stressors (McCrae,
1990; Mills and Huebner, 1998; Somerfield and McCrae,
2000; Avey et al, 2009). Of course, a dyadic view and
information on both partners’ perspective might have further
improved our chances.

While none of the environmental features or the features that
do predict general relationship quality in the sample seem to
add information about changes in quality, there is one exception:
perceived time investment by the partner had a non-zero model-
based feature importance and was post hoc shown to correlate
with changes in relationship quality. While this study cannot
conclusively support the role of time investment for temporal
changes in relationship quality, this may provide an interesting
starting point for further studies.

Generalizability

The cross-national composition of our sample and the fact that
our models are evaluated by their performance in hold-out sets
of “novel” subjects suggests a relatively high generalizability.
However, we did not exclude or control for clinical psychological
conditions, which might have influenced self-report measures
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during these globally stressful times. Cross-cultural studies on
similar situations are needed in order to further investigate the
role of attachment style in crisis-like situations, where future
studies should also take into account both partners in a romantic
relationship (see Kenny et al., 2006).

CONCLUSION

The current study provides evidence on the complex
interactions between relationship quality, attachment style, and
demographic variables in couples during exceptional and stressful
circumstances. We examined and predicted relationship quality
as lockdown measures due to the COVID-19 pandemic were
implemented in four European states. We found that attachment
security was a highly important predictor for relationship
quality, and that country of residence, case counts, and the
stringency of governmental measures did not contribute to
accurate predictions. Changes in relationship quality could not
be accurately predicted with the given input variables using the
currently implemented machine learning approach.

In conclusion, we demonstrate that attachment security is an
important predictor of relationship quality during the unstable
times of the COVID-19 pandemic, as opposed to fear/perceived
threat, sexuality, and macro-level environmental factors such as
the stringency of movement restrictions.
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Abstract. Image analysis of the webcam images of the player playing horror
video games is used to infer his/her emotional state. We initially relied on the
received wisdom that there are three distinguishable emotional states: joy, agita-
tion (a combination of fear and surprise) and neutral. We applied modern image
analysis techniques to extract the player’s face in three sets of 50 consecutive
frames by first generating 150 feature vectors and then using an auto-encoder
neural network to dimension-reduce these to a mapping of 150 points on a 2D
manifold. We find that these mapped points are not uniformly distributed in a
plane and an overlap between neutral and each of the two affective states is highly
improbable. We derive convex hulls using a &~-medoids clustering algorithm; they
seem to indicate a difference between the mouth region expression and that
around the eyes. We use kernel density estimation and Monte Carlo methods to
determine that the affective states joy and agitation have a small probability of
overlap (6.6 % and 10.6 %, respectively), which can be interpreted as a confusion
probability. Our advanced statistical analysis thus confirms that modern image
analysis can indeed be used to monitor the player’s emotional state while playing.

Keywords: image analysis using neural networks, auto-encoder, k-medoids
clustering, face alignment algorithm, horror videos, facial expression of emo-
tion, Monte Carlo methods of probability estimation.

1 Introduction

The facial muscles are largely under involuntary control and communicate the affective
state to others. The eyes play a major role in allowing inference of one’s emotional state
as the orbicularis oculi muscles around the eyes are more difficult to control than other
facial muscles [1]. The so-called “Duchenne smile,” also known as the “true smile” is
typically achieved by the contraction of these orbicularis oculi muscles, as opposed to
the “fake smiles” that involve only the zygomatic major muscles [1].

Since, in this paper, we research facial communication by players of horror games,
the negative counterpart to joy is an expression that superimposes weightings of fear
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and of surprise. These latter two emotional states are closely related and oftentimes
merge [1]. The major difference in the facial expression between these two occurs in
the lower half of the face [2]. Neta et al.’s study shows that jaw drop and open mouth
(surprise) and lips stretched backwards (fear) are, in an ideal case, the differentiating
factor. Thus, these two emotions not only mix to a high degree, especially when they
temporally follow each other, but also can be impossible to distinguish due to verbal,
such as narrating, and para-verbal communication, such as screams and warnings. We
conclude that our Al-driven facial analysis of horror video players must deal with three
expressions of emotion: joy, agitation (the intermixing of fear and surprise) and neutral.

While players are emotionally involved in a video horror game, the intensity of their
participation is monitored by the image analysis of their face that is being photographed
by the webcam, frame by frame, consecutively. In this paper, we investigate to what
reliability image analysis can be used for such monitoring. More specifically, we sta-
tistically analyze consecutive frames from a webcam so as to confirm or refute whether
the emotional states joy and agitation can indeed be monitored and distinguished from
each other and from the neutral state.

2 Materials

While playing Until Dawn (details: see Appendix), the player presents his gaming ex-
periences on his online channel, wherein he makes comments about them. Involuntar-
ily, he also exhibits his emotional involvement via facial expressions, displayed in a
small frame inserted in the upper right-hand corner of the screen. One co-author (TH)
selected three scenes (partially relying on the comments by the player) in which the
commentator exhibited the emotions joy, agitation, and neutrality. Along with the se-
lected frame, 25 frames before the selected scene and 24 after it were stored for subse-
quent analyses.

3 Methods

For each frame, we extracted a rectangle that frames only the player’s face. We then
aligned the face (primarily via the eyes and the tip of the nose) within each rectangle
with every other face in all 150 rectangles. We then applied an image analysis algorithm
(supplied by MATHEMATICAO® from WOLFRAM Technologies®) to characterize
each image as a feature vector. These 150 feature vectors were combined in a matrix
and a non-linear artificial neural network [3], specifically an auto-encoder with seven
layers, was used to extract 2D coordinates for each feature vector. These were then
graphed as points in a plane. For each emotion represented by the 50 dimension-reduced
feature vector points, we used the k~~-medoid clustering algorithm for finding three clus-
ters (enclosed by the convex hulls in Fig. 1) per emotion. We used KDE (kernel density
estimation) with a Parzen window optimized by the Silvermann rule-of-thumb [4] to
find three pdfs (probability density functions), one for each emotion. We generated
contour plots of these pdfs in order to identify the distinctness of the regions of highest
likelihood. With a Monte Carlo method, we generated 15000 random points for each
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pdf and defined a cutoff for lowest likelihood needed for subsequent analysis. We cal-
culated the fraction of random points of one emotion that lay in the region of high like-
lihood of another emotion.

Clustering Algorithm: KMedoids
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Fig. 1. The dimension-reduced feature vectors projected on a 2D manifold as points and the con-
vex hulls determined using a k-medoids clustering algorithm. Points are the dimension-reduced
feature vectors; the arrows show their sequence from one frame to the next. The k-medoids clus-
tering algorithm is supervised; we specified 3 clusters per emotion. We observe that most of the
points for each emotion are within only one of the three convex hulls of this emotion.

4 Results

The k-medoids clustering algorithm applied to the points for each emotion documented
that the three clusters per emotion only partially overlap (Fig. 1). A display of the se-
quence of the points for each emotion shows that one convex hull is predominantly
occupied (Fig. 1). This observation is a first indicator that the image analysis of facial
expression can distinguish emotions. The contours of the KDE-derived pdfs confirm
this (Fig. 2). Overlapping contours of the pdfs of the emotions are those of low likeli-

hood — further confirmed by the distributions of random points above the cutoff

% P max (Fig. 3). The probabilities of observing random points above % P max are 79.6

% (agitation), 81.7 % (neutral), and 78.5 % (joy). The choice of this cutoff is very
reasonable and allows for a clear, more reliable alternative for identifying separation of
facial expressions to using the k-medoids clustering algorithms. Furthermore, convex
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hulls, because of their convexity, can overlap, and probability estimates cannot be de-
rived using them.
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Fig. 2. The contour lines of the pdf (probability density function) obtained with KDE (kernel
density estimation) of the points rendered in Fig. 1. The contours are equally spaced in likelihood.
We observe that the contours with highest likelihood for each emotion separate very well.

We use the random points to estimate the fraction of overlap, which is interpretable
as a measure of confusion probability between emotional states. The confusion proba-
bility of a joy expression being an agitation expression is 6.6 %, and the converse con-
fusion (agitation being interpreted as joy) is 10.6 %. We point out that this method of
determining confusion via random points and contour overlap does not include the emo-
tion neutral. A neutral facial expression, we find, is never confused with the emotion
joy nor with the emotion agitate.

5 Discussion

The images of the face included motions/deformations of the mouth, cheeks and lips
due to the commentator verbally expressing his emotions. We interpret the points en-
closed by the rarely visited convex hulls (Fig. 1) as those driven by facial expressions
predominantly involving mouth, cheek, and lip movement. We cannot construct a con-
trol analysis for this interpretation, however, because — even though we can repeat our
image analysis for the eyes and nose regions without mouth, cheeks and lips — the
extraction of feature vectors and reduction onto a 2D manifold would result in a very
different display. We suspect, furthermore, that the feature vectors would detect the
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stronger signal of muscle activity while talking, rather than the emotional state expres-
sions. In addition, conventional supervising webcams, used to monitor the ‘flow’ [5] of
the participant’s engagement in a horror video game always involves the whole face,
not just the part above the nose. We are primarily interested in whether facial image
analysis using the Al and statistical analysis methods we present here can distinguish
between three emotional states; we show that we indeed can, even when including the
lower face. Whether we find indicators of different contributions to the reduced features
vectors is of minor importance.

20

10}

Agitated -

Joy -

-30 -20 -10 0 10 20 30

Fig. 3. The distribution of randomly generated points for each emotion pdfvia Monte Carlo. The
displayed points are those within a cutoff of % P max for each emotion. For joy there are 11773
points, for agitated there are 11935 points, and for neutral there are 12257 points. Although 15000

random points were generated for each pdf, the cutoff retains differing numbers of points for each
emotion-dependent cutoff, because P, differs from emotion to emotion.

In other, seminal, work, facial expressions were used to distinguish between the
emotional states, and that the separate state of boredom (in our case: the equivalent to
neutral) was easy to track [5]. Our analysis confirms these claims.

Joy and agitation are the two emotions on the opposite ends of spectrum of facial
expressions. They are therefore pertinent to any consequences of assessment, such as
when humans derive a putative emotion after looking at a photograph of a face. The
general accuracy of emotional assessment was estimated to approximately 92% when
one human infers another’s emotion based on still images, such as photographs or draw-
ings (Ekman, 1976). Our findings extend these observations to a sequence of moving
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and/or changing faces. We find a confirming parallel. The overlap (Fig. 4) can be in-
terpreted both as a confusion probability and as an unreliability test. We find the con-
fusions to be 6.6 % and 10.6 %; both these derived estimators compare very favorably
with Ekman’s (1976) findings.

10

Neutral -
Agitated -

Joy -

-30 -20 -10 0 10 20 30

Fig. 4. Contours of the KDE-pdfs as well as the randomly generated points for each emotion. The
cut-off for the random points is == P max and the contours are at likelihoods L3 P max» With k =
10 10

1 2 9. The overlap of some likelihood regions of one emotion within the likelihood region of
another emotion can be used to determine confusion probabilities (see text).

The reliability of our findings has a further application when the software attempts
to maintain a ‘flow’ [5] of the participant’s attention and emotional reaction while play-
ing a horror video game: the case when several players participate together. Then each
participant’s facial expressions communicates their involvement and engagement to the
others. Our findings show that such communication can be interpreted reliably by the
image analyses presented here and has a confusion probability of about 10 % — argu-
ably a small probability. Because the probabilities calculated in these analyses are not
significances, we need not compare probability outcomes with significance levels.

This new method of analyzing facial expressions can be used to clarify the physio-
logical relationship of facial manifestations and the expression of emotions in humans
[6]. Previous studies have failed in linking specific facial expression with discrete emo-
tions; the observed predominant link is relating the dimensions of valence and arousal
separately. Further application of our new method can bring clarity to this topic. A
cautionary note is keeping in mind that neural networks do not allow for a completely
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reproducible, external understanding of the neural network’s inner working. There are
ways of addressing this problem, most notably via simulations.

Furthermore, we note that the use of the webcam is highly appropriate because it is
unobtrusive and does not need the employment of sensors that directly record the phys-
iological activations of the face muscles through EMG monitoring. The applications in
gaming would include monitoring the individual player for sake of the scenario adjust-
ment (maintaining the ‘flow’; [5]) as well as gaining information of other players’ emo-
tional states during some crucial moment of the evolving scenario.

6 Conclusion

By using the sequence of five analysis steps: (1) feature vector extraction of the face in
each frame, (2) dimension reduction using an auto-encoder, (3) k-medoids clustering
algorithms, (4) KDE-determined pdfs, and (5) Monte Carlo methods of probability es-
timation, we find that the facial manifestations of the three emotions are separable. We
observe that there is a small overlap probability of 7 % to 11 % that the emotional states
joy and agitation can be confused; but neither of these two states was ever confused
with the emotional state neutral. We did not need to limit the analysis to the eye region,
because the identification of and distinction between emotional states is remarkably
reliable. The use of these advanced methods (Al and KDE-derived statistics) are indeed
useful for monitoring the emotional status while a player is playing a horror video game.
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available online and does not reveal any personal information.
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Appendix

The horror video game is called Until Dawn (Supermassive Games / Sony Computer
Entertainment, 2015). The game revolves around the story of eight characters that the
player may save (or not) by their actions in a “butterfly effect” system whereby each
character’s decision can create a situation that intentionally scares the player.
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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
(Casto i obsahujici prvky sado-masochismu) béZnou soucdsti
Zivota. Neni vsak zndmo, jaké cdsti populace se vystavujl
Jakému typu téchto materidlii 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 vypocetni silu a na ni zdvislé postupy statistického
zpracovdni dat. Diky uziti umélé inteligence miizeme tyto prvky
analyzovat vSechny najednou a skutecné tak zjistovat souvislosti
mezi nimi.

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

Vyisledky: Pomoci nasi analyzy jsme zjistili, Ze participant se
rozdéll do 7 jasné definovanych segmentii. Zddny ze segmentii
neobsahuje pouze jedince jednoho pohlavi, vétsina z nich
vsak obsahuje velkou prevahu jednoho pohlavi. Frekvence
autosexudlnich praktik se vyznamné [isi v jednotlivych
segmentech,  stejné  jako  konzumace  pornografickych
materidlii obou typii. Vzdéldni, oproti nasemu ocekdvdni, neni
vyznamnym rozdélujicim prvkem mezi segmenty, stejné tak
partnersky status. Vysokd 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
Atrtificial 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  charakterizovdny  spiSe
konzervativnim pristupem k sexualité.

Zdvér: Nové a pokrocilé formy statistické analyzy dat
dovoluji identifikaci klastrii dospélych konzumentii pornografie
na zdkladeé jejich auto-sexudiniho chovdni a demografickych
proménnych, které by bez uZiti neuronovych siti nebylo mozné
identifikovat.—

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

Uvod

“Zarucené nejvetsi a nejsilngjsi ze vieho zla na svétd
je to, které vyrustd z kofent lidské pfirozenosti. Nenf
tomu tak snad, Ze tato ¢dst naseho bytf, jenz se pevné vize
k zdkladnim silim pfirody a ji formované pfirozenosti
¢loveka, ta se ukdzala byt nejvice zvricend — neukazuje
to snad na veliky problém?” (Hopkinsovd, 1899; preklad
Binter, 2021).

Puritdnstvi, jehoz byla Ellice Hopkinsovd zdsadn{
predstavitelkou poukdzalo na budouci trend v lidské
sexualité. Z nékterych muzu, kteff jsou daleko snadnéji
vizudlné stimulovani neZ Zeny, se stali vérni konzumenti
(pfilezitostné se hovofi i o kompulzivni konzumaci aZz
nelitkové zdvislosti) internetové pornografie. Aviak platf
za to ndlezitou cenu — ovlivnénim sexudlniho vyvoje, stejné
jako preferenci a sexudlniho chovdni. U n&kterych jedincti
hrozf riziko pretrvdvini narusent psychosexudlniho vyvoje
i v dospé€losti. Deset procent britského vzorku dokonce
tvrdilo, Ze je pfimo zdvisld na konzumaci pornografie
(Logue et al., 2018).

Zvlast¢ u muzt dochdzi k velkému prekryvini
sexudlnich fantazif a preferenci skute¢né sledované
pornografie (Chivers & Bailey, 2005; Chivers et al., 2010,
Binter et al., 2013; Krej¢ovd et al., 2018). To zifejmeé souvis{
s dal$imi dvéma aspekty: (a) vyhleddvini sexudlniho zdZitku
zobrazeného v takovych materidlech a s tim souvisejici
sexudln{ touhy (Galther & Sellborn, 2003; van Lankveld et
al., 2015), a (b) dostupnost sexudlniho partnera, se kterym
by mél takové sexudlni zkusenosti (Binter et al., 2012).

Dostupnost sexudlntho partnera, ktery by spliioval
pozadavky konzumentt specifickych typt pornografickych
materidld, se dd spiSe predpoklddat ve vétSich méstech, kde
budou také pravdépodobnéji bydlet jednotlivei s vy$sim
vzdélinim (jelikoZ vysoké Skoly jsou previziné ve vétsich
méstech; Binter et al., 2012). Je rovnéz pravdépodobné, ze
ve vetsich méstech se vyskytuje vice osob s mensinovymi
preferencemi (jako jsou BDSM-pozitivni jedinci; Richters
et al., 2008; Wismeijer & van Assen, 2013). Duvody jsou
pravdépodobné anonymita, v&ts{ partnersky trh, vice
klubu a lokalit vénovanych okrajové sexualité.

Dal$fm vlivem na kvalitu partnerstvi a uspokojenf
sexudlni touhy, kterd je lasto spojovdna s mnozstvim
konzumované pornografie, je délka partnerského
vztahu. Jedinci, ktef{ jsou v partnerském vztahu déle, s
véts{ pravdépodobnosti fantaziruji o jinych sexudlnich
partnerech nez o téch, se kterymi jsou pravé ve vztahu.
Didle pak jedinci, ktef{ podvddéli své predchoz{ partnery,
a ti, ktef{ dfive méli vice sexudlnich partnerq, castéji
uplatiiuji toto své chovdn{ 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 — demography
parameters — education status — compulsive sexual behavior.

(Binter et al., 2012, Hicks & Leitenberg, 2001). Naopak
ti partnefi, ktefi fantaziruji o svych partnerech, budou
pravdépodobné vice projevovat chovdni souvisejicl
s partnerskou spokojenosti — jak ukazujf predchozf studie
(Birnbaum et al., 2019). Nevyfesenou otizkou je viak to,
zda niZsi spokojenost ve vztahu souvisf privé s tendenci
k podvidéni a sledovdni pornografie ¢i jde o dva spiSe
nezdvislé fenomény.

Duavodt ke sledovidni online pornografie je nékolik,
napiiklad sexudlni vzruSenf; inspiruje také zvédavost
z vlastniho uspokojeni z rozlicnych pornografickych
scén, a zvédavost ohledné technik uspokojovdn{ partnera
(Sabina et al., 2008). Data z Ceské republiky ukazujf
rozdil mezi témi, ktef{ jsou ve vztahu, a témi, kteff jsou
nezadan{ (Smutny & Sulc, 2018). Nezadanf jedinci ¢ast&ji
(17,1 % vs. 12,5 %) sledujf pornogratii, aby uspokojili své
tajné touhy; hleddni inspirace pro sexudlni Zivot je vSak
niz$f 0 13,2 % (21 % nezadanych uvidi takovou motivaci).
Obé skupiny jsou motivoviny ke sledovdni pornografie
sexudlnim uspokojenim (v partnerstvi: 59,9 %; nezadanf:
66,7 %).

MuzZe se zddt, Ze pornografie md pouze negativni
dopady. Existuji také pozitivni vlivy - kompenzaéni
dcinek, ktery byl prokizin v Japonsku, Ddnsku, Finsku,
Chorvatsku, Spojenych stitech americkych a Ceské
republice (Diamond et al., 2011). ZvySend dostupnost
pornografickych materidla je v dané zemi negativné
spojena se zlo¢iny souvisejicimi se sexudlnim ndsilim.
Jinymi slovy tam, kde je pornografie dostupnd se sexudlné
motivovand kriminalita vyznamné sniZila.

Krom¢ toho se zdd, 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 vSak pornografii konzumuji.
Pornografie Zzendim pomdhd presnéji definovat, jaké jsou
jejich sexudlni potieby, kontextualizovat tyto potieby a
preference a sndze prijmout vlastni sexualitu (McKeown
ctal., 2018).

Dalsim vlivem, ktery je tfeba zohlednit je to, jak ¢asto
jedinec pornografii konzumuje. V ¢eském vzorku, ktery
je nejrelevantndjsi pro srovndni s tim, ktery v této studii
prezentujeme my, byla pornografie konzumovina velmi
zfidka malym procentem muza (3,4 %), ale piiblizné
jednou tfetinou (29,5 %) Zen. Vice nez polovina Zen
konzumuje pornografické materidly nékolikrdt za mésic,
zatimco vice neZ polovina muzt konzumuje pornografii 2
az 5krit tydné. Méné neZ jedno procento zen konzumuje
pornografii alespon jednou denné. 11 % muzii konzumuje
pornografické materidly nékolikrdt denné a 14,4 % alespon
jednou denné (Smutny & Sulc, 2018).
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Pévodné prdce

Struénd historie vizudlni pornografie

Vyobrazovini pornografie bylo zdokumentovino: (a)
v peripatetickém Recku, (b) béhem Rimské iiSe (stile
existujici pornografické vyjevy lze vidét nejen v nevéstinci
v Pompejich, ale také na freskich ve vilich, které byly z
velké ¢dsti zniceny erupcf Vesuvu v roce 79 n. . a nynf
jsou vystaveny v Archeologickém muzeu v Neapoli),
(c) v &inské kultute (naptiklad Zhou Fang, 8. stoleti) a v
japonskych (shunga) dfevorytech, (d) v indické Kamasutte
(Sinha, 1988), jakoZz jako (e) ve zndmych sochich na
fasidich indickych chrimu (naptiklad chrim Kandariya
Mahadeva, 11. stoleti).

V case posko¢ime dile, abychom mohli porovnat
moznosti pristupu k pornografickym mteridlim v obdobf
renesance v Itdlii 16. stoleti a biedermeierovského obdobf
(po Videniském kongresu 1815) v habsburské monarchii.
Oba tyto pfipady ndm ukazuji snizeni exkluzivity tohoto
artiklu a ddle pak zvySeni a usnadnénf distribuce.

Zatimco  Raphael  (1483-1520) maloval  své
svétozndmé fresky ve Stampe ve Vatikinu, jeden z jeho
asistentd Romano (1499-1546; ktery sc mél sim stdt
velmi slavnym malifem) namaloval na zdi fadu lascivnich
kopula¢nich poloh. Z nich Marcantonio Raimondi
(1482-1534) vyrobil médéné lepty a distribuoval je v
Rfmé. To rozzufilo Papeze a uvrhl Raimonda do vézenf.
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 prelozit jako kopulaéni
pohyby, které zahrnovaly vyobrazeni a popisy andlniho
styku — sodomie nebyla ve vy$Sich vrstvich spole¢nosti
vzdy kriminalizovdna) byly opakované skryviny a niceny,
kdyZ byly nalezeny, a podobné. V roce 1928 objevil Walter
Toscanini (syn slavného dirigenta) exempldf z pocitku
16. stoletf s dievoryty misto médénych lepta, ktery byl
posléze proddn jinému soukromému sbérateli. O 62 let
pozdé&ji byly publikoviny reprodukce (Lawner, 1984). V
kontextu tohoto ¢linku je dtlezité poznamenat, Ze lepty
a dfevoryty kolovaly pouze mezi bohatymi a mocnymi v
Rim¢ a Bendtkich, a byly ¢asto piijimany spole¢nosti.

B¢hem Videnského kongresu (1815) bylo erotické
(a pornografické) uméni distribuovino v tajnosti (a
zajisté vasnivé prijimdno). Do obecného povédomi se
dostala série 40 akvarelti zobrazujicich kopula¢ni scény,
které byly falesné pripisoviny Peteru Fendimu (1796-
1842). Na rozdil od I Modi v dobé¢ renesance byly tyto
materidly mnohem sndze dostupné jak pro prohlizent, tak i
k pofizeni do vlastnictvi a obchodovdni, a to i lidmi z nizs{
$lechty a vrstvy zdmoznych prostych ob&ant. Protagonisty
kopula¢nich scén byli také Videnané stfednf tiidy obleceni
v biedermeicrovském stylu (i kdyZz jen ¢dste¢né kvuli
pornografickym vyobrazenim) — coZ je zna¢ny kontrast k
oblecentf Slechty té doby.

V Evrop¢ a Severni Americe se pornografic po
osvicenstvi (od poloviny 19. stoleti) stivala stile vice
viudypiitomnym a masové konzumovanym artiklem.
S vyndlezem fotografie a hlavné filmu, byla umoZnéma
prezentace vizuilni pornografie pifistupnd stile v&tSim
¢dstem populace — predevsim diky inherentnim technikim
masové produkce a masové distribuce filmovych
materidla. (Prvnf spole¢nost, kterd vyhradné produkovala
erotické a pornografické filmy, byl Saturn-Film, Viden, v
letech 1907-1911).

V dnesni dobé¢ (2021) vedlo zaplavent pornografickymi
filmy doprovizené jejich snadnou anonymnf distribuc{ ke
zddnlivé nekritické a téméf neomezené spotfebé. V tomto

¢linku viak ukazujeme, Ze spotfeba nenf tak nekritickd, jak
se bézné ve&if (viz nize).

Vyvoj BDSM  (bondage-dominance-sadismus-
masochismus) chovinf a jeho vizudlnich prvka

BDSM je zdnr a zivotn{ styl. Musime vSak rozliSovat
mezi aktivitami BDSM, které jsou Cdist¢ sexudlni, a
témi, které zahrnuji sexualitu, avSak jsou jakymsi
souhrnem socidlnich interakci (Foucault, 1990). Ranym
vyobrazenim bicovin{ se sexudlnim podtextem je Tomba
della Fustigazione (Hrobka bic¢ovini), etruskd hrobka
nachdzejici se v Itdlii, datovand kolem roku 490 pf. n. 1,
zobrazujici jednotlivce, ktefi prozivaji (sexudlni) slast
a zdrovenl jsou bicovdni a plicini rukou (spanking) a
bicem (Steingriber, 2006). Poté ndsleduje velkd casovd
mezera v hmotnych dikazech tohoto vyobrazovini. Jedno
z prezivajicich ztvirnéni je Satyr bi¢ujici nymfy uvdzané
ke stromu, rytina Antonia Carracciho (1557-1602).
Donatien Alphonse Frangois, markyz de Sade, napsal 120
dnf Sodomy a Justinu; oba romdny povaZzované za klenoty
BDSM literatury, ve vézeni. VétSina literirnich popisti
je vSak pravdépodobné dist¢ smyslend, ale ze soudnich
fizen{ a soudnich obvinéni vime o faktickych popisech
jeho preferenct, za které byl stthdn zejména ve svém mldd{
(Gray, 1998).

Richard Freiherr von Kraftt-Ebing byl prvni, kdo
ve svém dile Psychopathia Sexualis (1886) nazval
takové chovini — ptisobeni jinému bolesti za dcelem
vlastntho potéSeni — jako sadismus a pridal 1 dalsf
pojem, masochismus. Masochismus je pojmenovin po
Leopoldovi von Sacher-Masochovi, rakouském $lechtici,
ktery strdvil mlddi v Praze. Jeho spisy, stejné jako jeho
sexudlni Zivot, se zaméfovaly na zdmérné prfijimanou
bolest, tresty a degradaci. Jeho Venuse v kozichu (1870)
zahrnuje pasdZe oddanosti, sexudlniho nisil{, psychického
tyrdn{ a fetiSismu.

Modern{ klinické chdpdni sadismu a masochismu
je povazovdno za nckonsensudlni a lisi se od Sacher-
Masochova. Konsenzudlni sadomasochismus je naproti
tomu v posledni dob& povazovin za variantu sexudlnfi
preference bez negativnich dusledk (Federoff, 2008).

Moderni vizudlni styl a charakter konsensudlniho
BDSM Ize hledat u jediného fotografa ze &tyficdtych a
padesitych let minulého stoleti, ktery vytvoril vzhled, jenz
s tématem BDSM od t¢ doby spojujeme. Byl jim Johna
Alexandra Scotta Cuttsa (pscudonym John Willie; Pine,
2013).

V soucasné dobé pornografickd videa s prvky BDSM
zobrazuji sexudlni chovini, béhem kterého dochizi k
(obvykle konsensudlnf) vyméné moci. N¢které praktiky
jsou zaméfeny na fyzické vjemy, nékteré na prozitky a
nékteré na dusevni stavy (véetné napiiklad trestu a hranf
rolf). Bolest pfitom muZe, ale nemusi byt piitomna.
Myslenkou je spiSe poslusnost a podfizenost. Nékdy se
k zintenzivnéni proZitku pouZivaji specidlni kostymy
(Binter et al., 2021).

Vék novych technologii

Jeden z nejvétsich a Zivot ménicich technologickych
pokrokd, vznik internetu, md na svédomi obrovské
mnozstvi pornografickych materidla. Nabiz{ tak pestrou
paletu materidld, Ze snad zddné pornografické téma
nechybi. Kazdé pité internetové vyhleddvini je zaméfeno
na pornografii; kazdy ¢tvrty respondent vyzkumu md ve
svém mobilnim zafizenf uloZzené pornografické materiily;
jedna tfetina obsahu internetu celkové je pornografickd
(Smutny & Sulc, 2018). Priblizné 70 % spottebiteli pouzivd
ke sledovdn{ pornografie notebook a nejméné jedna tietina
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jej sleduje na chytrém telefonu. 90 % obou pohlavi vzdy
sleduje néco nového, zatimco méné nez 25 % muziia 10 %
zen sleduje pornografické materidly vicekrt. Vétsina ne-
konzumentt pornografie méla za cely Zivot jednoho nebo
dva sexudln{ partnery; témét 1/5 z konzumentt méla vice
nez deset. To ddle ukazuje na celkové propojent sexuality
soukromé a sdilené s partnerem / partnery.

Muzi, ktef{ jsou vice zaméfeni na vizudlni prvky,
Castéji sleduji pornografii téméf viech typli a témat
(v€etné, ale ne pouze, materidly zaméfené na fetis,
skupinovy sex, sexudlni interakce dvou Zen). U dvou typt
pornografickych témat v jednom z vyzkumu vSak Zeny
prevy$uji muze: (a) v BDSM pornografii, kde dominuje
muz a (b) v pornografii, kde je pfitomné zobrazenf
predehry  (softcore pornografic). Nebyly nalezeny
74dné rozdily v pohlavi pro zobrazeni ,béznych® (né¢kdy
nazyvanych ,obvyklych® nebo ,konvenénich®) sexudlnich
aktivit (Krejéovd et al., 2018).

Jak jsme poznamendvali vySe, je tcelem sledovini
pornografie  nejéastéji  spojované s masturbaci.
Reprezentativni vzorek ceské populace ukazuje, Ze u
obou pohlavi je nistup masturbace obvykle ve véku 13
let a frekvence se zvySuje do 15 let, kdy jiz tuto aktivitu
provozuje pravidelné vétSina populace (Weiss & Zvéfina,
2001). Prfedpoklidd se, Ze 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 sexudlni chovin{
jak v porzitivnim, tak negativnim ohledu (Dines, 2010;
Gyamfi & Zalata, 2018, Boschetti et al., 2021; Prasovd et
al., 2021).

V kontinudlni studii sexudlntho chovini v Ceské
republice (Weiss & Zvéfina, 1993; 1998; 2003; 2008) bylo
zjisténo, e muzi masturbuji ¢astéji nez Zeny (muzi 7,1/
mésic, zeny 5,8/mésic). V roce 1993 potvrdilo pravidelnou
masturbaci 84 % muzi, 83 % v roce 1998, 89 % v roce 2003
290 % v roce 2008. 50 % Zen potvrdilo masturbaci v roce
1993, 58 % v roce 1998, 61 % v roce 2003 a 65 % v roce
2008. Trvaly ndrust frekvence je u obou pohlavi podobny.
76 % muzi povazuje masturbaci za pifirozeny jev; stejné
tak 62 % Zen. 20 % muZi povaZzuje masturbaci za $patny, i
kdyz neskodny, zvyk, stejné jako 29 % Zen. 4 % muzt a 9
% Zen povazuje masturbaci za $kodlivou.

Vyse uvedené charakteristiky nim doklddaji existenci
rozli¢nych tffd konzumenttt pornografickych materidla.
Vaillancourt-Morel (2017) napiiklad identifikoval tfi:
(a) rekrea¢nf uzivatele (pfiblizné 75 %), (b) kompulzivn{
uzivatele (13 %) a (c) ne-kompulzivni uZivatele, ne-
rekreaéni uzivatele (12 %). UzZivatelé rekreaénf (a) uvedli,
ze jejich hlavnf motivacf je vlastnf inspirovdni a Ze jejich
sexudlni Zivot nebyl negativné ovlivnén konzumaci porna.
Zeny byly prevlidajicimi &leny této skupiny a strivily
pfiblizné ptl hodiny tydné sledovinfm pornografie. Okolo
13% kompulzivnich uZivatelti viak chdpe svou konzumaci
jako problematickou.

V dal$f studii bylo zjisténo, ze 10,2 % ze vzorku
vysokoskolskych studentti a 7,8 % kontrolniho vzorku je
kompulzivnimi uzivateli. Slo obvykle o heterosexudlnf
muze (predeviim mladsi jedince) s klinickymi pfiznaky
kompulzivni poruchy sexudlniho chovini (Castro-Calvo
et al., 2020).

Cile a metody studie

Tento ¢linek se zabyvd riznym (ale ne nerozliSujicim)
stupném spotifeby pornografie nimi pfijaté dichotomie
(BDSM pornografie versus pornografie bez prvka BDSM)

a tim, jak tato konzumace souvisi s dal$imi parametry
ve dvou oblastech: a) demografické kategorie (velikosti
mista bydlist€) ve kterych respondenti Ziji) a b) osobnf
charakteristiky (rodinny stav, droven vzdélinf a rovnéz
frekvence masturbace).

Nase metoda analyzy, vyuZivajici metody umélé
inteligence a  klastrovaci algoritmus bez  uditele
(unsupervised clustering algorithm) — vzorem nenf
rozhodovini ¢loveka, ale vlastni kategorizace na zdkladé
dostupnych informaci. Vysledky ndsledné budeme
porovndvat s vySe publikovanymi vysledky dosud
publikovanych relevantnich studif.

Materialy

Vyzkum tykajici se sexudlnich aktivit probihal online
a celkem se ho ztcastnilo 902 respondentti z Ceské
republiky. Z toho dotaznik vyplnilo celkem 881 osob
(Tab. 1).

Charakteristika Kod Popis kédu
Zena
Biologické pohlav{
Muz
Zdkladni

Stfedoskolské bez maturity

Urove vzdéldnf —— - -
Stiedoskolské s maturitou

Vysokogkolské
Svobodny/d

V partnerském vztahu

Rodinny stav Zenaty/vdand

Rozvedeny/d

Vdovec/vdova
Nikdy
Velmi ziidka

Zhruba jednou za 2-3 mésice

Frekvence konzuma-
ce pornografickych
videi bez BDSM

Zhruba jednou za mésic
Zhruba jednou za 14 dnf

Frekvence konzuma-

ce pornografickych
videi s BDSM Zhruba jednou za tyden
Neékolikrdt za tyden
Frekvence mastur- Skoro kazdy den

bace

—~|Z|o|n|lm|g|lo|lw|(s|m|lola|lm(> o0 |>|w|>

Nejméné jednou denné

Tabulka 1 Ziznam kategorickych proménnych, které
charakterizuji jednotlivé respondenty v naSem data-setu.
Kategorické  proménné  oznacujici  frekvenci  masturbace
a frekvenci konzumace obou typt sexudlnich materidl jsou na

stejné Skdle.

Otizky se tykaly a) biologického pohlavi (bindrn{
proménnd), b) drovenl vzdélini (kategorickd proménnd
o Ctyfech prveich — tj. A-D), ¢) rodinny stav (kategorickd
proménnd o péti prvcich — . A-D), d) frekvence
konzumace bé&Zné pornografie, ¢) frekvence konzumace
pornografie s prvky BDSM, f) frekvence masturbace (vzdy
sedmistupriové kategorické skily — tj. A-G).

Metody

Vsechny odpovédi byly kdédoviny jako kategorické
nihodné proménné, nekteré jako ordindlnf. Zidné
z proménnych nemohou byt povazoviny za proménné
skdlové — tedy takové, které maji mezi odpovédmi shodné
rozestupy (Blalock, 1960). Misto toho bylo pouZito
kédovdni tzv. Kéd 1 z n (anglicky one-hot-encoding —
ptiklad niZe) abychom ziskali vektor funkce (anglicky
feature vector) ze vSech odpovédi kazdého respondenta.
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Pévodné prdce

Vytvoreni 38-rozmérného vektoru funkei je popsin niZze.
Datovy soubor k analyze tedy sestdvd z 38 (pocet prvki k
analyze) X 881 (respondentti) velké matice.

Priklad kédu 1 z n: pro otizku na “rodinny stav”
existuje pét ruznych odpovédi (pro zamezeni zimény
s pocitatelnymi (8kdlovymi) proménnymi pfevedeno na
pismena A — E; Viz Tab. 2).

Segment | . Po'éetn Vékovve: Prﬁvmér Meslién Movdus

jedinci | 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 RozloZen{ véku v kazdém segmentu a polet &lend
v kazdém ze sedmi segmentt. Poznimka: VEk jedinct v kazdém
segmentu je téméf shodny. Maximdlni fluktuace puméra a
medidni je 10 %, proto je povaZzujeme za podstatné pro urcenf
¢lenstvi v jednotlivych segmentech. Médy byly uréeny na zdkladé
KDE rozlozen{ veéku participantt. V zddném ze segmentt nenf
vék normdlné rozlozeny — ve skutecnosti zidny ze segment ani
nemd analyticky definovatelné parametrické rozlozenf véku.

Vektor funkce pro tuto odpovéd je tedy 5-rozmérny.
Odpoveéd “A” je nakédovina jako , odpovéd “B” jako ,
odpovéd “C” jako , atd. Zjistili jsme, Ze tyto vektorové
funkce jsou (a) ortogondlni — jejich skaldrni soudin
je 0, tudiz odpovéd kazdého respondenta je nezdvisld
na odpovédi jiného respondenta a (b) norma kazdé
vektorové funkce je 1 — vSechny vektorové funkce jsou
normalizovdny, tedy timto pfekédovinim do kédu 1 z n
neni zidnd skdla uméle vytvorena. Kazdy respondent
odpovédél na viech 6 otdzek.

Jako piiklad si mtZeme uvést respondenta, ktery
odpovédél na prvnf tii otdzky: prvni odpoveéd B (pohlavi
je bindrni proménnd, tedy B je druhd ze dvou mozZnosti),
druhd odpovéd je D (Ctvrtd ze Ctyf moznosti na otizku
vzdéldni — tedy nejvyssi) a tieti odpovéd je C, kterd je
tfetl z péti moznosti a oznacuje moznost vdand/Zenaty.
Nisledny zdpis do 1 z n kédu je ndsledujict: (0 1) (000 1)
(0 010 0). Vektor funkce je tedy ndsledné 11-rozmérny.
. V8imnéte si prosim, Ze vektor jiZz neni normalizovany
(norma je — protoze pro piiklad byly uzity 3 otizky) a
mutzeme nalézt vnitfni souvislosti mezi jednotlivymi
komponenty matice. KdyZ se podivite na tabulku & 1,
kterd obsahuje dotaznik, zjistite, Ze celkovy pocet otdzek je
6. Proto md normu a celkem 38 rozmérii (Tab. 3).

Kategorie populace
A

Pocet obyvatel (v tisicich)

<1
1-5
5-20
20-100
100-1000
>1000

ssB ie B AWR K@U ies)

Tabulka 3 Vlastnosti vztahujici se k velikosti mista bydlist¢
(vesnice, malomésta, velkomésta) ve kterém participanti Zili.
Poznidmka: V kategorii ,A” jsou vesnice a mésta s méné nez
jednim tisicem obyvatel a v kategorii ,F* je mésto s vice jak
jednfm milionem obyvatel (Praha). Detaily vztahu velikosti mésta
a sexudlntho chovinf jsou diskutoviny v textu.

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

Abychom mohli vyuZit vzdjemnych vnitinich
souvislosti v datech, pouzili jsme neuronovou  sit
o sedmi vrstvich - autoencodér (Mohri et al., 2018; Strang,
2019). Do analyzy vstupuje 38-rozmérny vektor funkcf a
vystupuje taktéz 38-rozmérny vektor funket. Avsak stfednf
vrstva md pouze 3 uzly (anglicky nods). Neuronovd
sit se tak snazi na kazdé strané symetricky tak, aby se
vstup rovnal vystupu (na zdkladé kritéria konvergence).
Stfedni vrstva neuronové sité o tfech uzlech tak vytvor{
tfirozmérny vektor, ktery odstrani nadbyte¢né vzdjemné
vazby mezi 38 komponenty ptivodniho vektoru funkei.
Tyto tffrozmérné vektory (nazyvané vektory funkci se
snizenim rozmérd; 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 bodii. Z mnoha
dostupnych klastrovacich algoritmt (v pfipadé nasich
dat jsme vyzkouseli 7 raznych typt) jsme zvolili variantu
k priamértt (anglicky K-means), kterou jsme dosdhli
nejlepstho, opakovatelného, vysledku. Touto metodou
bylo vytvofeno sedm klastrti (barevné odlisené v Obr. 1).

V3ech 7 segmentl

0
-10
AT T T T

))/TJDW
“MJ{;}O °
Z10

Obrazek 1 Distribuce vektortt funkei po sni?eni mnoZstvi
rozmért dat 881 respondentu, kteff se ucastnili studie. Néktet{
z respondenttt méli naprosto shodné rozklady funkei, proto
je v grafu pouze 667 bodii. Z vizudlni analyzy distribuce dat
je mozné vyvodit, Ze nejsou uniformné rozloZzené a proto je
vhodné tato data rozdélit do jednotlivych segmentt klastrovacim
algoritmem. Pfislusnost k jednotlivym segmenttim je oznacena
pomoci barevné skily, celkovy pocet barev (a klastrti) je 7 a
toto rozdéleni bylo dosazeno pomoci k-pramért algoritmem
po analyze neuronovymi sit¢émi. Osy a vzdjemnd vzdilenost
bodit mezi sebou nemd Zidnou vypovédni hodnotu a nelze
interpretovat. Segmenty (vzniklé klastrovacim algoritmem)
naopak vypovédni hodnotu maji. Skrze analyzu teplotnich map
(Obr. 2) lze tyto segmenty charakterizovat. V textu jsou popsiny
jejich konkrétnf interpretace.

V tomto ¢linku nazyvime tyto klastry segmenty.

Midme moznost reverzné ovéfit, v jakém segmentu se
ty které body nachdzf a jakym zptisobem jsou rozdéleny
v pavodnim 38-rozmérném vektoru funkef a ndsledné tak
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ur¢it, k jakym konkrétnim odpovédim se vztahuji. Tuto
metodu jsme vyuzili k tomu, abychom mohli prezentovat
(formou nestatistického sumativniho vyjddfeni — obcas
hanlivé oznacovaného jako ,poéitini fazoli“ [been-
counting]) rozloZenf konkrétnich odpovédi v jednotlivych
segmentech (Obr. 2).

Obrazek 2 Teplotni mapy relativniho rozloZzeni odpovéd{
¢lent kazdého ze sedmi segmentl. Segmentace vznikla za
uziti klastrovactho algoritmu k-priméra na zdkladé rozloZzenf
rozmérové redukovanych dat od 881 respondentt (Obr. 1). Dals{

popis je v textu.

Zajimalo nis, jak se rtzné atributy ¢lend segmentti
(jejich pohlavi, drovent vzdélinf atd.) spojuji s populaéni
kategorif, kde Ziji (v dob&, kdy se dotazniku zdcastnili).

Prvnim  krokem Dbylo zkontrolovat jednotnost
kontingen¢ni tabulky (kategorie populace versus ¢&islo
segmentu) pomoci testu . Jak podrobngji rozvedeme
nize, vysledek testu zdaleka neni informativni. Proto
pouzivime mnohem informativngjsi vySetfovaci ndstroj:
Koresponden¢ni 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) skdlované kontingen¢ni tabulky.

Vysledky

Pomoci algoritmu k-priméra jsme zjistili rozlozenf do
sedmi segmentd, v nichZz se vyskytuje rozdilny pocet
¢lentt — nejsou tedy velikostné srovnatelné. Tabulka 2
shrnuje poéty jedincti v kazdém z jednotlivych segmentt.
Obrizek 1 pak zobrazuje prostorové rozdélenf klastra. Pro
kazdy klastr (segment) nisledné vygenerujeme teplotnf
mapy (anglicky heat-maps), které nim dovoluji vizudlné
vyhodnotit rozloZeni jednotlivych odpovédi v danych
segmentech, jak je mozné vidét v Obrizku 2.

Na zdklad¢ spole¢né se vyskytujicich znakt ndsledné
charakterizujeme jednotlivé znaky spole¢né pro cely
segment:

Segment ¢. 1 (,BéZnd populace®) (obr. 2a): Ackoli
se jednd ,jen“ o zhruba 1/5 z celého vzorku, tito jedinci
jsou nejlépe charakterizovdni jako ¢lenové s neobvyklymi
sexudlnimi postoji v liberdlni spole¢nosti. Zeny a muzi jsou
témét rovnomérné rozdéleni; zhruba 1/3 m4 stiedoskolské
vzdélini bez maturity a zhruba 1/3 md vysokoskolské
vzdélini. Zhruba 1/3 je vdand a mdlokdo je rozvedeny.
Konzumace pornografickych videf bez prvka BDSM je z
velké &isti mezi ,téméf nikdy“ a ,maximilné jednou za
¢trndcet dnf“. Konzumace BDSM pornografickych videf je
mezi ,nikdy“ (~ 1/3) a ,téméf nikdy* (~ 1/3). Cetnosti
masturbace se vyskytuji ,zfidka® (~ 1/4) a jednou nebo
dvakrit za mésic (~ 1/2).

Obrazek 2a

Konzumace pornografie — demografie Segment1 W~ =184 (=20.9% / Total)

100%

1% 25% 20% 95%
90 %

85%

Frekvence masturbace

Konzumace BDSM pornografie R 7% 8% N f dol
70%
Konzumace pornografie bez BDSM 17% SEuEl S R o
55%
- 50%
Rodinny stav a5
0%
L 3%
Uroveri vzdélani 30%
25%
20%
Biologické pohlavi (Z/M) 2
5%

Segment #2 (,Sexudln¢ touzici muZi s nizkym
vzdelinfim®) (obr. 2b): Jedinci z tohoto segmentu tvor{
~ 1/20 vzorku, tito jedinci jsou nejlépe charakterizovini

jako pfevdzné muzi s velmi vysokou sexudlni spotfebou
(pfedevsim neinteraktivni: ~ 2/3 nejsou v partnerském
vztahu). Zhruba 1/2 md stfedoskolské vzdélini bez
maturity a zhruba 1/4 m4 vysokoskolské vzdéldni. Spotieba
pornografickych videi 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 nékolikrdt denné.

Obrizek 2b
Konzumace pornografie — demografie Segment2 W~ =45(=5.11% / Total)

100 %

5% 33% 15% 95%
90%
85%

3% 15% 8% 80%—

Frekvence masturbace
Konzumace BDSM pornografie

Konzumace pornografie bez BDSM B R e 15 * [44

15% 15%

Rodinny stav
Urovefi vzdélani

Biologické pohlavi (Z/M)

Segment & 3 (,Zeny s velmi nizkou sexudlnf
aktivitou®) (obr. 2¢): Jedinci z tohoto segmentu tvorf ~
1/7 vzorku, tyto de facto vSechny Zenské participantky jsou
nejlépe charakterizoviny jako Zeny s velmi malou sexudln{
konzumact, které zfidkakdy 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 vzdéldni bez maturity a vice
nez 1/3 md vysokoskolské vzdélini. Frekvence masturbace
jsou rozdéleny: ~ 1/2 ziidka masturbuje, zatimco ~ 1/3
masturbuje né¢kolikrit tydné.

Obrazek 2¢

Konzumace pornografie — demografie Segment3 W~ =134 (=15.2% |/ Total)
100 %
Frekvence masturbace 24% 16% 13% 5% 16% 24% 1% o5 .,']
Konzumace BDSM pornografie 2% 2% 1% 1% 1% 80 % —
Konzumace pornografie bez BDSM % % 2% 9% 1% 3
Rodinny stav  [RERAIEEEA %
[VCVELRVAEELINE 9% 33% 22% o

Biologické pohlavi (Z/M)

A B c D E F G H | 0%

Segment ¢. 4 (,Muzi s velmi, velmi vysokou sexudln{
aktivitou®) (obr. 2d): Jedinci z tohoto segmentu tvori ~
1/5 vzorku; tito de facto vichni muZzsti jedinci jsou nejlépe
charakterizovini jako muzi s velmi vysokou spotfebou
videf bez BDSM, kteff nikdy nebo téméf nikdy nesleduji
video s BDSM. Jsou pfevdzné bez partnert (~ 1/2); néktet{
jsou Zenati (~ 1/4) Zhruba 1/2 m{ stfedoskolské vzdélin{
bez maturity a 1/3 m4d vysokoskolské vzdélini. Frekvence
masturbace je velmi vysokd: vice nez 2/3 masturbuje
jednou tydné nebo vice nez jednou tydné.

Obrazek 2d

Konzumace pornografie — demografie Segment4 N =187 (=21.2% / Total)

100%
1% 25% 959%

90%

85%

21% 8% 2% 5% 25% 80%—

Frekvence masturbace

Konzumace BDSM pornografie

2% 2% 3% 5% 33% 65%

Konzumace pornografie bez BDSM

18% 25% 6%

Rodinny stav
Urovefi vzdélani 18% B2 30%

Biologické pohlavi (Z/M)

Segment & 5 (,Zeny s témef Zddnou sexudlni
aktivitou®) (obr. 2¢): Jedinci z tohoto segmentu tvor{ ~
1/8 vzorku; tyto de facto vSechny Zenské participantky
jsou nejlépe charakterizoviny jako Zeny bez konzumace
videi s BDSM i bez BDSM a nikdy nemasturbujici (mald
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vyjimka ~ 1/5). Jsou pfevizné bez partnert (~ 1/3) nebo
ve vztahu (~ 1/3) nebo jsou vdané (~ 1/4). Zhruba 1/3 md
stfedoskolské vzdélini bez maturity a 1/4 vysokoskolské
vzdéldni.

Obriazek 2e

Konzumace pornografie — demografie Segment5 N =73(=8.29% / Total)

Frekvence masturbace o

10% 2%

B8 -~ [

Konzumace BDSM pornografie
Konzumace pornografie bez BDSM
32% 30% 28% 6%

Rodinny stav Kb

Urover vzdélani

Biologické pohlavi (Z/M)

v

Segment ¢ 6 (,Muzi bez partnerského vztahu s
extrémné vysokou sexudlnf aktivitou®) (obr. 2f): T&chto
n¢kolik mdlo jedincti z tohoto segmentu tvor{ ~ 1/17
vzorku; tito de facto vSichni muzsti jednotlivci jsou nejlépe
charakterizovini jako muzi s velmi vysokou konzumaci
videi bez BDSM (2/3 denné) a velmi vysokou frekvenc{
masturbace (vice nez 1/2 denné a ~ 1/5 vice neZ jednou
denné). Jejich konzumace BDSM videi je prekvapivé
rozli¢nd; téméf rovnomérné rozlozena po celé skile. Jsou
pfevdzné bez partnert (~ 1/2) nebo ve vztahu (~ 1/3),
ale jen zfidka jsou v manZelském svazku. Mnoho z nich
(témét 1/2) md vysokoskolské vzdeldni.

Obrazek 2f

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

Frekvence masturbace a0 e

13% 19% 2% 17% (4% 13%

Konzumace BDSM pornografie B % 1%

Konzumace pornografie bez BDSM [ RGOS SR X HRAA dib
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Biologické pohlavi (Z/M)

M

Segment & 7 (,Zeny vyjimedné s partnerskym
vztahem s vysokymi frekvencemi masturbace®) (obr. 2g):
\ Jedinci z tohoto segmentu tvoti ~ 1/4 vzorku; tyto de
facto viechny Zenské participantky lze charakterizovat jako
zeny s vysokym podilem vysokoskolského vzdélan{ (témér
1/2), prevdzné bez vztahu (1/2) nebo ve vztahu, oviem
ne vdané (1/3) a s vysokou frekvenci masturbace (1/2 od
¢trndctidennt az po dennf; ostatnf jesté vice).

b = §

-

Obrazek 2g

Konzumace pornografie — demografie Segment7 W~ =206 (= 23.4% | Total)

Frekvence masturbace R 8% 114
Konzumace BDSM pornografie
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Urovei vzdélani

Biologické pohlavi (Z/M)

Zaznamenali jsme, Ze (biologické) pohlavi je ve vétsiné
segmentt 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
fidce, pokud viibec.

Celkové muzeme v kazdém segmentu pozorovat ur¢ité
snadno identifikovatelné charakteristiky jednotlivct. Tyto
charakteristiky jsou casto posmé$né charakterizoviny
jako ,stereotypni®. Je pozoruhodné, Ze bez ohledu na to,
ze jsou takto oznaceny, skute¢né jde o identifikovatelné

sexuol

charakteristiky. Naptiklad Zeny v Segmentech &. 2,3 a 5 zij{
ve vesnicich a mensich méstech (viz nize). Jejich postoje
k sexualit¢ jsou pomérné¢ omezené (,konzervativni).
Mgjte prosim na paméti, Ze ne viechny segmenty populace
jsou si velikostné rovnocené — pravé naopak.

Zjistili jsme, Ze &lenové v raznych segmentech se
vyznacuji odlisnymi sexudlnimi postoji, at uz jde o frekvenci
jejich konzumace porno videf bez prvka BDSM nebo
s BDSM, a/nebo frekvenci (self-reportované) masturbace.
Obr. 3 ukazuje, Ze jejich rozdéleni pozorovanych frekvenct
se jevi jako nejednotné (tj. nezdvislé na po¢tu segmenti),
protoze pocet ¢lent v riznych segmentech se navzdjem lisf.

Obrizek 3

Segment

H1 H2
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w4 H5 H6 H7
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25%

Obrazek 3 Rozlozeni demografickych proménnych a ¢lenstvi
v jednotlivych segmentech. Teplotni mapa ukazuje vztah mezi
jednotlivymi segmenty (sloupce) a demografickymi proménnymi
(fidky). Cislo v kazdé dlazdici vyjadiuje pocet osob, ktery se
v daném pruniku vyskytuje. Pocty zobrazené v dlazdicich jsou
vyjddfenim podilu segmentu, jehoZ ¢lenové Ziji v lokalité s danou
velikosti mista bydlisté. Poznidmka: S ohledem na nestejnou
velikost segmentt zdddme ¢tendfe o opatrnost v interpretaci
procentudlniho zastoupeni.

Obr. 4 ukazuje kontingenéni tabulku pro vztah mezi
kategorif populace a &islem segmentu. Testem jednotnosti
této kontingencni tabulky je -test (Baguley, 2012). Tento
test v8ak pouze specifikuje pravdépodobnost pozorovini
nechomogenniho rozdélenf; neodmiti nulovou hypotézu
homogenity rozdéleni. Ve skute¢nosti je to tak, Ze -test
nedokiZe vyhodnotit, zda je zamitnuti nulové hypotézy
ucinéno oprdvnéné, 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 nulovd hypotéza (HO) je
pravdivi.

Obrazek 4

0.8

0.2

;
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Obrizek 4 Vysledky korespondenéni analyzy zjiStujici vzdjemné
asociace mezi segmenty a velikosti mista bydlist¢ (také viz Tab.
3) Cervené oznalené jsou segmenty a fialové oznalené jsou
kategorie velikosti mista bydlist¢. Stfepinovy graf (Tab. 4 vlevo)
ukazuje tfi 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 ¢linku.

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

Kromé toho, Ze jsou stézi informativni, existuji
jest¢ dva dal$i nedostatky testu : (a) vysledek testu
(vyznam) neinformuje vyzkumnika o tom, zda a jaky md
nchomogenita (je-li pfitomna) za ndsledek pozorované
rozdélent a (b) jakd &4st distribuce (rovnomérnd nebo jind)
je zptisobena Sumem (statisticky $um, anglicky statistical
noise — Sum je zptisoben ndhodnosti 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, Z¢ tato hodnota jednoduse uvddi, jak
pravdépodobné nebo nepravdépodobné je zaznamendni
tohoto rozdéleni demografickych kategorii, aniz by bylo
mozné ucinit zdvér o platnosti nulové hypotézy. Hodnota
0,596 tedy naznaluje, Ze tento vysledek neni neobvykly,
pokud predpoklidime nulovou hypotézu rovnomérného
rozdélen{ — nic vic (Altman & Krzywinski, 2017).

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

N
0025
0020
0015

0.010

0.005

index

T, Singular Value (Singul:\r Value)? | Fraction | Cummulative Fraction
Aindex Xindex (%) (%)
1 0.160 0.0256 47.3 47.3
2 0.129 0.0165 30.5 77.8
3 0.0790 0.00625 11.5 89.4
4 0.0746 0.00556 10.3 99.6
5 0.0139 0.000192 0.4 100.
6 0 0 0. 100.

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

jednotlivych ¢&isti Frobeiniovy normy téchto druhych mocnin;
soucet podila ¢isti Frobeiniovy normy druhych mocnin. Prvni
tfi hodnotové rozklady maji nejvy$si hodnotu, témét 90 %.
Musime vzit v potaz, Ze 10 % druhych mocnin Frobeinovy normy
tvoff $um. Je tedy nutné vytvorit 3D graf, ktery ndim pomftize
interpretovat vztah hodnot ze (kdlované) kontingenéni tabulky

(Obr. 4).

Uvedené druhé mocniny singuldrnich hodnotovych
rozkladt (normalizované) kontingenéni tabulky nim
poddvaji informaci o tom, Ze existuji asociace mezi
jednotlivymi segmenty (sloupce) a demografickymi
proménnymi (fddky), jak je patrné v Obr. 4. Muazeme
vyvodit, Ze 3 singuldrni hodnotové rozklady nim vysvétluji
90% signdlu obsazeného v datech. Naproti tomu -test nds
pouze informuje o tom, zda jsou hodnoty rovnomérné
rozlozeny (respektive dostate¢né rovnomérné rozlozeny).
Analyza pomoci kontingen¢nich tabulek nds tedy
jednozna¢né informuje o existenci asociace mezi segmenty
a jednotlivymi proménnymi.

Obr. 4 demonstruje tyto souvislosti. Tyto souvislosti
byly uréeny za pomoci klastrovaciho algoritmu DBSCAN
(Ester et al., 1996) v kombinaci se (3-rozmérnymi)
soufadnicemi ziskanymi ze singuldrntho hodnotového
rozkladu. Vztahy, které jsme odhalili, jsou ndsledujici.
Segment ¢. 1 (,BéZnd populace®) se nejvice poji s velikosti
mésta D (20 — 100 tis. obyvatel). Segment ¢. 4 (,Muzi
s velmi, velmi vysokou sexudlni aktivitou®) je nejvice
asociovdn s velikostf 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 vyjime&né
s partnerskym  vztahem s vysokymi frekvencemi
masturbace®) se neasociuje s zddnou velikost{ mista
bydlist¢ a je tedy relativné rovnomérné rozloZzen mezi
viechny tyto velikosti. Segmenty ¢&. 2, 3 a 5 jsou asociovdny
soucasné¢ s velikosti bydlist¢ v kategorii A, B a C, tedy
obecné vesnicemi a mésty do velikosti 20 tis. obyvatel.

Upozoriiujeme, Ze tyto tfi segmenty (¢. 2, ¢. 3 a ¢.
5) maji 252 ¢&lent (29% vzorku), ale Ze sexudlni postoje
v téchto segmentech se zna¢né lisi. Z tohoto duvodu
nemusi byt ¢lenové v riznych segmentech povazovini za
jednotné ve svych sexudlnich postojich, prestoze Ziji ve
vesnicich a malych méstech. Je pozoruhodné, Ze segment
¢. 2 obsahuje prevdzné muzské Cleny, kteff jsou sexudlné
velmi, velmi aktivni, a to jak s ohledem na konzumaci
pornografickych videi, tak na frekvenci masturbace.
Segmenty ¢. 3 a ¢. 5 obsahuji prevdzné Zeny, které Ziji ve
vesnicich a velmi malych méstech. Na rozdil od muzuy,
ktetfi Ziji v téchto vesnicich a malych méstech, majf
pozoruhodné omezené (,konzervativni“) sexudln{ postoje.
Stereotypné formulovino, zdd se, ze Zeny dodrzuji Zivotn{
styl, ktery, jak se zdd, prosazuje vyhybdnf se sexudlnim
touhdm, sexudlni zvidavosti a aktivitnim sexudlnim
aktivitim. Zd4 se, Zze muZi jsou sexudlné frustrovani a v
opa¢ném chovini (oproti Zendm) hledaji uvolnéni.

Diskuze

Vnasistudiijsme pouzilinovoumetodu zaloZzenounaumélé
inteligenci, kterd odhalila rtizné shluky charakterizujici
jednotlivee na zdkladé jejich sociodemografickych
charakteristik a dvou druha konzumace pornografie. Nase
vysledky jsou porovndviny se zjisténimi v jinych, pfevizné
Ceskych studiich. Je tfeba zduraznit, Ze Ceskd spole¢nost
je povazovdna za velmi otevienou a tolerantnf (v politicky
liberdlni terminologii) v sexudlnich otizkich (Widmer
et al., 1998). Zjistili jsme, Ze v Ceské spole¢nosti existuji
znacné skupiny jednotliveti, které takto charakterizovat
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nelze.

Této studie se zuicastnili participanti ve véku 18-50 let,
ktef{ méli byt reprezentativnim vzorkem ceské populace,
jak muizeme vidét v Tabulce 1. Zidny ze vzorkit nemd
participanty mladsi 45 let. Obr. 4 také ukazuje, Ze rozdélenf
participantt napfi¢ populaénimi kategoriemi je dosti
rovnomérné (coZ ukazuje i test). Jakdkoli nerovhomérnost
véku (a co se ty¢e vzdélini atd.) je proto zptisobena
zvld§tnimi sexudlnimi atributy v kazdém segmentu.

Dals{ problém: drovenn vzdélini ,C“ (ukonceni
stfednf $koly) je v kazdém segmentu zastoupena nizkym
procentem. Toto nizké procento je nevyhnutelné, protoze
ve ,vyspélych spole¢nostech® (t. ve spole¢nostech s
dobfe strukturovanym systémem tercidrniho vzdélivini a
odpovidajicim ekonomickym zdkladem) studenti stfednich
kol obvykle prechdzeji na vysoké Skoly, univerzity atd.
Pouze kvili ndhodnému nacasovdni ticasti na dotazniku,
kdy mohli byt participanti ve fizi prechodu ze stfednf
Skoly na instituce tercidrntho vzdélivini, divd odpovéd
kategorie C (ukonéenf stfedni $koly) smysl. Bliz§i pohled
na segmenty odhalf (Obr. 2), Ze tento fenomén nezptisobf
zddny rozdil ve vyhodnocenf dat.

Charakterizaci a popis atributd ¢&lentt v rtiznych
segmentech mohou kritici nazyvat ,stereotypem®. Zde
uvedené statistické metody vSak dokumentuji, Ze takové
stereotypni popisy jsou nejen vhodné, ale také dobre
podporoviny na$imi zjisténimi. Skute¢né zjiStujeme, Ze
urdité ,,typy“ muzu a Zen se nejpravdépodobnéji vyskytuji
napiiklad ve vesnicich a malych méstech a jiné ,typy” ve
velkych méstech. Nabiz{ se otizka, zda kategorie obyvatel
odvozuji sociologické deskriptory, napiiklad ,liberdlni®,
ykonzervativni“, ,neprogresivni“ atd. Upozornujeme, Ze
(a) takové sociologické kategorie ziejmé existuji a projevuji
se ve zménich sexudlniho postoje mezi segmenty; a b)
sociologické postoje 1ze zjistit konzumaci pornografickych
videi a rozdilnymi frekvencemi masturbace v rtiznych
segmentech. Tyto Kklastry jsou statisticky nezdvislé
jednotky (a popiraji tvrzen{ o expresi urcitych rysa, které
jsou normdln¢ distribuoviny v populaci; del Giudice,
2009), tedy zjisténi, které by mohlo byt nipomocné pro
budoucf terapeutické a vyzkumné price.

Zjistili jsme, Ze naSe statistickdi metodologie je velmi
u¢innd pii detekei dvou aspekttt konzumace pornografie
souvisejici se sexualitou a Cetnosti masturbace (self-
reportovand). ProtoZe jsme analyzovali velky vzorek (881
ucastnikil), ktery md velmi dobré (téméf reprezentativni)
rozlozeni po celé Ceské republice, ofekivime mozné
podobnosti v téchto distribucich atributd, soubézné
s demografickymi kategoriemi, v jinych zemich se
srovnatelnou infrastrukturou, dobie strukturované
tercidrni vzdéldvact systém a vyspélé (vice high-tech nez
vyrobni) ekonomiky.

Za dcelem nalezeni segmenttl jsme vyuzili
klastrovactho algoritmu DBSCAN (Ester et al., 1996)
v kombinaci se (3-rozmérnymi) souradnicemi ziskanymi
ze singuldrniho hodnotového rozkladu. DBSCAN je
algoritmus, ktery pracuje bez ucitele (unsupervised
clustering algorithm), takZe neni pfedem definovino,
kolik segment®i vznikne. Dile pak je vyznamné zminit,
ze dovoluje moznost vytvireni segmentli obsahujicich
pouze jeden prvek — jednotlivce v nagem piipadé. Toto
je vyhodou oproti alternativnimu algorytmu K-medioid,
ktery by byl zdvisly na pfedem definovaném mnozstvi
segmentt a nedovoloval by moZnost vzniku vySe
zminénych jednoprvkovych segment.

Pro ¢tendfe muze byt frustrujict, Ze pifi ¢teni tohoto
textu neni schopen identifikovat jednotlivé segmenty za
pouziti teplotnich map bez dopomoci umélé inteligence

(Obr. 2). Jde o duisledek toho, ze uméld inteligence je
schopna tfidit na zdkladé mnoha kategorii soucasné, na
rozdil od nds — lidf — ktef{ jsme ,od pfirody“ nastaveni
na to, abychom se sousttedili na jednu ¢&i dvé rozdélujict
kategorie. Algorytmy umélé inteligence jsou navic
schopny, na rozdil od ¢lovéka a jeho prirozeného t¥idéni,
jasné a smysluplné vyfiltrovat nepodstatné a opakujici se
informace, které nepfindsi zlepSenf signdlu oproti Sumu.

Abychom se mohli zabyvat konkrétnimi poznatky,
které muizeme spojit s pfedchozimi zjisténimi, povazujeme
za dulezité zalit tim, Ze segmenty nikdy nesklddajf
jednotlivei jednoho pohlavi. Jiné vyzkumy ukazujf velky
pfesah mezi sexudlnimi preferencemi, pfestoze vyhody
pro pifslusnika jednoho biologického pohlavi nemusi byt
u druhého evidentné pfitomny (Binter et al., 2013). Mezi
pohlavimi muZe existovat velmi vyznamny rozdil (Del
Giudice, 2009), ale to nevyvozuje nulovou pfitomnost
druhého pohlavi v segmentu. Obé¢ pohlavi se vyskytuji ve
vét$iné nasich detekovanych segmentti, konkrétné 4 ze 7
majf alesporti 15 % druhého biologického pohlavi.

Segment ¢. 1 obsahuje 20,9 % vsech ucastnikil, 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) neZ jako primdrn{
prostfedek uspokojent; lze je povazovat za bezproblémové
konzumenty (Logue, 2018). Nejvétsi segment ¢. 7, s 23,4
% vsech dcastniky, se sklidd prevdzné z Zen (84 %), které
jsou spiSe experimentdlné zaloZené a oteviené a sdilejf
charakteristiky bezproblémové pornografické konzumace
se segmentem &. 1. Jedinci v tomto segmentu viak majf
vysokou miru konzumace pornografie s prvky BDSM.

U dvou segmenttt (¢. 2 a & 6) pozorujeme nutkavou
potfebu konzumace pornografickych materidlua, jak bylo
také pozorovdno v jinych studiich (Gaither & Sellborn,
2003; Vaillancourt-Morel, 2017; Logue, 2018). Clenové
segmentu &. 6 ,MuZi bez partnerského vztahu s extrémné
vysokou sexudlni aktivitou® jsou obvykle muZi bez
partnerského vztahu, ktef{ ddvaji prednost pornografii
bez prvkt BDSM. Zijf v Praze (jediné mésto v Ceské
republice s vice nez 1 milionem obyvatel) a maji vysoké
vzdélini. Jejich sexudlni charakteristiky tudiz nejsou
podminény nedostatkem partnerti. Pro ¢leny v segmentu &.
2 (,Sexudlné touzici muzi s nizkym vzdélinim®) se naopak
spotfeba pornografie a vysokd frekvence masturbace jevi
jako kompenza¢ni mechanismus kvali nedostupnosti
konsensudlntho partnera (Binter, 2013; Smutny & Sulc,
2018). Tito, prevdzné¢ muzi, maji nizké vzdélinf a Ziji v
mensich méstech; takZe jejich pozice na partnerském
trhu nenf vysokd (Edlund & Sagarin, 2014). Jejich vysokd
spotieba videa s prvky BDSM naznacuje kompenzaén{
mechanismus a online masturbace (pravdépodobnd)
béhem téchto videf slouzi jako naplnéni jejich sexudlnf
touhy (Smutny & Sulc, 2018). Tyto dva segmenty, ve
kterych se frekvence masturbace blizf maximu (denné nebo
jesté ¢astéji), dohromady tvoif priblizné 11 % (5,11 pro ¢. 2
25,90 pro ¢. 7) vzorku — ve shodé se Smutny & Sulc (2018),
Mnoho dalsich studii zabyvajicich se problematickou
konzumact pornografie rovnéz zjistilo drovné priblizné 10
% (Castro-Calvo et al., 2020). Jednim z predpoklddanych
mechanismt miize byt opakované uspokojent zptisobené
suprnormdlnim  stimulem. Takovy ,superstimulus®
(Prtisovd et al., 2021) je zaloZen na ,,vyladéni® percepéniho
systému jednotlivce tak, aby maximalizoval zisk (Buchholz
et al., 2021), kdyZ jsou mu prezentoviny rizné stimuly, z
nichZ jeden je vnimdn jako ,lep$i nez skuteény® (naptiklad
nadmérnému vejci ze siddry divd ptik prednost pred
vlastnimi vejci; Tinbergen, 1953); tedy chovini, které
je vétsinou maladaptivni. Zvldsté 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
(sexudlni) interakci.

Segmenty ¢ 3 (,Zeny s velmi nizkou sexudlnf
aktivitou®) a & 5 (,Zeny s tém&f Zddnou sexudlni
aktivitou®) maji dva spole¢né rysy; jednim je Zivot v malych
méstech (coZ md za ndsledek sniZenou Sanci na setkdnf
s partnery). Dal3f je extrémné nizkd frekvence sledovini
pornografie. Algoritmus tak ukazuje, Ze Segment ¢. 5 se
od ¢. 3 lisf a to zejména mérou sexudlni touhy, kterd lze
odvodit z frekvence masturbace. Naproti tomu &lenové
v segmentu ¢. 3 maji rtiznou ndchylnost k masturbaci
(veetné jejich vysokych frekvenci). Je pozoruhodné, ze
segment ¢. 3 zahrnuje nejvyssi podil rozvedenych osob a
3 obsahuje ¢leny, ktef{ maji ze socidlnich déivodd nizkou
sexudlni aktivitu. Moznd néktef{ z téchto jednotlivet
mohou prfechizet mezi partnerskymi vztahy. Obecné
muZeme olekdvat, Ze tito lidé budou mit nizkou socio-
sexualitu (Penke & Asendorpf 2008), pravdépodobné méli
v minulosti milo sexudlnich partnerti a jsou sexudlné
inhibovini.

Zavér

Pouziti neuronové sité¢ prekondvd nékolik statistickych
problému. Jednim z nich je ,proklet{ dimenzionality
/ prokletf vicerozmérnosti“ (anglicky curse of
dimensionality). Neuronovd sit zmensila rozméry z 38
na 3, aniz by eliminovala jakékoli informace (jmenovité
vzdjemné zdvislosti mezi komponentami ptivodniho
38-rozmérného vektoru funkcf). Pouziti klastrovych
algoritmtt muize odhalit spole¢né rysy mezi segmenty
populace: jakymi charakteristikami sexuality (frekvence
masturbace, spotfeba pornografickych filmi/videl a
partnersky vztah — coz je také indikdtor sexuality!)
disponuji v dobé tcasti na dotazniku.

V sekei Diskuse jsme vyhodnotili, na zdkladé vystupti
analyz, Ze kategorizace respondentt do jednotlivych
segmentt neni pouhou moznosti, ale Ze jde o rigorézné
obhajitelnou metodu, kterd dovoluje vyvozovin{ existence
oddélenych skupin (segmentt), které maji typické
vlastnosti (vztahujici se k jejich sexualité), spole¢né
s ostatnimi ¢leny stejného segmentu a odlisné od vlastnostf
osob v segmentu jiném, za pouzit{ umél¢ inteligence.

Sexudlnf charakteristiky nejsou rozdéleny rovnomérné
ani demograficky. Z 1ékafskych a psychologickych
hledisek jsou ¢lenové v segmentech, které vykazujf
piilis kompulzivni sexudlni chovini, jako je masturbace
(doprovizend konzumaci pornografickych videf) vyrazné
nad normdlem. ,Normiln{“ spotfebu lze ve skute¢nosti
zjistit metodami Al, které zde uvddime. Je vhodné
zamyslet se nad odbornou pomoci pro tyto jedince,
s kompulzivnim sexudlnim chovinim. Sexuologové a
terapeuti¢ti specialisté zabyvajici se pomoci t¢mto lidem
mohou ziskat uzite¢ny ndhled na to, jak je takové nutkavé
chovinf{ ve vzdjemném vztahu s frekvencemi masturbace
a konzumaci pornografickych videf s prvky BDSM a bez
prvktt BDSM. Clenové opaéného extrému, ti s velmi
potlacenou sexudlni aktivitou a konzumaci, mohou také
potiebovat terapeutickou intervenci. Dukazy pro tuto
potfebu jsou vzdcné; spole¢nost, zdd se, nepovazuje
tyto lidi za ty, ktefi potfebuji vice napliujici sexudlni
uspokojent.

Dile zjistujeme, Ze pozorovand stratifikace sexuality
mid demograficky aspekt. Nékteré typy sexudlnich postojii
se vyskytuji pouze ve vesnicich a malych méstech,
zatfimco ve velkych méstech jsou viechny sexudln{ postoje

ptitomné, i kdyz v rtiznych distribucich. Toto je, pokud
je nim zndmo, prvni studie, kterd takové souvislosti,
zalozené na datech, poskytuje.
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Inferring the emotional state of an individual by viewing his/her facial expression seems to be present in all human cultures.
Numerous studies have shown that various changes in facial muscles determine 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) estimated distributions to quantify the
shift in facial expression from “neutral”“fear” and “pain”li“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 feature vector for each
image, dimension-reduce these by mapping onto a two-dimensional manifold and calculate the norms of the normalized
displacement vectors for each emotional 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 significantly different, but not for the males. The methodology we present here
has widespread applications: from 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.

CCS CONCEPTS « Affective Computing * Behavior monitoring systems « Computer vision in healthcare
Human-Robot Interaction *« Smart Cities of the Future * Technologies for improving the quality of daily
living * Vocational safety and health monitoring ¢
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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 (Ekman,
1993; Valente, Theurel & Gentaz, 2018).

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 large degree universally
understood; the same seems to hold for the expression of pain (which is not a basic emotion) (Ekman, 1993;
Gendron & Barrett, 2009).

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, 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 (Gendron & Barrett, 2009). 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 Action Units. Each Action Unit is a collection of facial muscle contractions (and releases)
that create, through an as yet-to-be-determined synchronization, a particular facial expression (Gendron &
Barrett, 2009). 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 (van der Struijk et al., 2018). Animations
are routinely used in the computer 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 (Chen et al., 2018).

One can, of course, down-regulate the expressiveness and thereby affect the amount of information shared
between the experiencing person and the 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” (1953). Recently, other examples from other social situations have also been
observed (Wenzler et al., 2016).

Pain, pleasure and fear are three emotional states suspected to be ambiguous to observers/raters whenever
they are not presented within the encompassing context of the communication. Interestingly, the accuracy of
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judgement of these emotions can be even lower when actors/actresses are instructed to act the emotion rather
than when it is expressed in genuine, real-life settings (Abramson et al., 2017). 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, perhaps
not genuinely. If the intensity is insufficiently displayed, the video, along with the actor/actress, would disappear
from the market. 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 differences in grimaces by using the Euclidean distance between normalized
dimension-reduced feature vectors, extracted from the images of the grimaces, to derive the statistics of
differences and their significance.

2 MATERIALS

One of the authors (T.H.) scanned ten BDSM videos with professional 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 laughter) 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 use Al image recognition software to (a) extract the rectangle containing the face with negligible borders in
each of the 50 frames; (b) use a suite of image analysis routines supplied by the software package to align the
five faces for each actor/actress in each video; (c) apply a feature extraction function to reduce the five images
thus aligned to a 4D feature vector; (d) dimension-reduce the 4D feature vectors to coordinates in a 2D manifold
via an auto-encoder neural network with 7 layers; and (d) calculate the Euclidean distance between (normalized)
pairs of these feature vectors for each video (Fig. 1 & 2).

We then estimate the ML distribution of these Euclidean distances and calculate the modes as well as the
HDIes% uncertainty for the distance between emotion pairs “neutral’( 1“fear” and “pain”[ |“pleasure”. We then use
Wilks lambda to determine whether the ML distributions (and, by implication, their modes) for the emotion pairs
“neutral”(1“fear” and “pain”[“pleasure” are significantly different.

4 RESULTS

For the females, the ML distributions for the emotion pairs “neutral’(1“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”’( 1“fear” is greater than the mode of the normed distance “pain”[1“pleasure”. We observe that
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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 investigate in this study;
capital letters identify the females. There are two arrows per female, because we investigate two shifts. We observe that the

shifts “neutral”_I“fear” are oftentimes longer than “pain”L“pleasure.

u‘ ‘n

For the males, the ML distributions for the emotion pairs “neutral’[1“fear” and “pain”[1“pleasure” are Gamma
distributions 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 populations of
(normed) distances are insignificantly different (at 5% significance level). We also observe that the mode of the
normed distance “neutral’[1“fear” is less than the mode of the normed distance “pain”[1“pleasure” — opposite
the mode shifts for the females. However, because the different distributions are not significantly different, this
inequality is of no consequence.
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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 investigate 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” 1“fear” are not always longer than for “pain”“pleasure.

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 two criteria for our choice: (a) the domain of the distribution has to be positive (thus,
the normal distribution must be excluded) and (b) AIC (Akaike’s Information Criterion) must be a minimum and,
if there are competing distributions, the ones that agree for both the emotion pairs “neutral’(1“fear” and
“pain”[“pleasure”. Using these criteria, we find that all the emotion distances are Gamma distributed (Fig. 3).

To assume that the normed distances are Student t-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 nearly-normal distribution and
that the variance estimated from the data is a good estimator of the variance of the distribution).
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Figure 3: The ML distributions of the shifts “pain”“pleasure” (dark magenta) and “neutral”1“fear” (dark blue) for the
normalized 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 distributions are gamma
distributions; the shaded areas (from s1 to s2, respectively) are 0.95 for each distribution; these define the HDlgss,
confidence intervals. (The HDlgsy, interval 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 HDlgsy, is derived from the ML distribution,
not from the sample.) We observe that the modes of all distributions differ and for both males and females the HDlgs¢,
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.

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. 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 to ensure reasonable alignment of the faces via image
rotation. The feature extraction software is minimally dependent on the exactitude of the alignment, so we can
(and do) 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 (Prossinger et al., 2021) where 50 frames
(with chosen maximum expression in the 24" frame) were used to successfully distinguish neutral facial
expression from expression of joy and fear.

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 Binter at al. (2020) but also for maintaining the well-
being of smart-city inhabitants (for a review see Muhammad et al., 2017).

The method we present here can potentially be used in the analysis of already existing video materials
(typically online) to determine if the depicted individuals are personally endangered or are experiencing
discomforting — or worse — situations. Needless to mention, it is important to determine the border between
BDSM videos that use actors/actresses and those that use criminal violence. The proof-of-principle we
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demonstrate here can used to keep 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 accuracy — likewise for the
pairs consisting of neutral facial expression and fear. The outcomes bring novel approaches to emotion
differentiation applied to semi-naturally occurring videos (depicturing interaction of two adult individuals taking
part in BDSM activities). Other novel approaches to be developed are the analysis of the highly salient
expression of ambiguous emotions by employing Al algorithms contained in MATHEMATICA" (Wolfram
Technology!( ).

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 Communication 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 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 available, we stress that it should become a method of choice to benefit people.
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Abstract

Research of sexuality often times includes individuals who choose to be researched and are
willing to undergo the procedure (in case of measures are taken) or filling up a questionnaire.
Other motivation may be gaining of credits and fulfilling university duties. In both cases the
samples of population (students and self-selected enthusiasts) do not resemble the nation’s
population structure nor general idea of random human even though the psychological
mechanisms researched are thought to be universal. The aim of this study was to investigate the
relationship between proximal measures of domain specific and non-specific excitation and
inhibition in two (probabilistic and non-probabilistic) samples. We collected approximately
400 individuals from Central European country — Czech Republic — via specialized agency to
match the probabilistic sample and a second similarly sized sample via snowball sampling and

online advertisements at the same time. The participants were asked to fill in two questionnaires
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widely used by sex researchers (Sexual Inhibition and Excitation Scale and Sociosexual
Orientation Inventory), and one scale designed to map broader motivations to avoid aversive
outcomes and motivation to approach goal-oriented outcomes (Behavioral Inhibition and
Activation Scale). Generally, the non-probabilistic sample findings resembled the published
results whereas the probabilistic sample differed, especially in men. Furthermore, findings from
women were the more consistent of the two sexes when comparing the probabilistic and non-
probabilistic sample outcomes. Our results, relying on correlational analyses as majority of
studies does, provide a valuable insight to impact of sampling on results. The outcomes should

be considered when future national studies are planned.

Introduction

Human behavior can be broadly reduced to a dichotomous motivational system of approach
and avoidance. According to Reward Sensitivity Theory (Gray, 1973, McNaughton & Corr,
2008), whilst the former regulates behavior towards something appetitive, the latter regulates
behavior away from something aversive. These two systems — excitatory and inhibitory — are
thought to be independent; for example, a high level of excitation is not necessarily related to
low inhibition (Corr, 2002). The Behavioral Inhibition System and Behavioral Activation
System (BIS/BAS) questionnaire was developed to measure an aspect of personality derived

from variation in patterns of excitatory and inhibitory responses across non-specific contexts.

Derived from the core system proposed in the BIS/BAS, the Sexual Inhibition System and
Sexual Excitation System questionnaire (SIS/SES) was developed to measure the motivational
system underlying sexual behavior exclusively. Based on the Dual Control Model (originally
developed by Bancroft and Janssen, 2000), a dichotomous division of appetitive and aversive
motivations are postulated to influence sexual behavior. The SIS/SES aimed to predict
individual differences in behavior arising from the relative patterns of excitatory and inhibitory
sexual responses (Graham et al., 2006; Bancroft & Janssen, 2000; Hodgson et al., 2016). While
theoretically proximal, SIS/SES shown modest overlap with the BIS/BAS (Janssen et al., 2002).
Given the domain specificity, SIS/SES should share a stronger relationship with measures of
sexual behavior. For example, there is a relationship between SIS/SES items and scores on the

sociosexual inventory (Nolet et al., 2021; Bartova et al., 2021; Janssen et al., 2002). However,
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the notion of domain specificity is somewhat equivocal given evidence that both scales

contribute to the prediction of sexual and non-sexual behavior (van Lankveld et al., 2015).

Previous studies have shown the SIS/SES to satisfy criteria for establishing psychometric
properties (Velten et al., 2018; Nowosielski et al., 2021; Graham et al., 2006; Bloemendaal &
Laan, 2015). Application of the SIS/SES scale has also proven useful; evidence of high SES
and SIS scores have been linked to sexual dysfunction and pathology Bancroft et al., 2009;
Velten et al., 2018). However, research in the development and assessment of the psychometric
properties predominantly utilized non-probabilistic sampling of university students, for
example, raising questions about the extent to which results from the questionnaire can be
accurately attributed to a broader population. This issue has been raised in social psychology
more broadly, where it is estimated that samples ranging from 20-70 % of studies comprise

undergraduate students (Rad et al., 2018).

The use of non-probabilistic convenience samples can lead to bias in the research findings:
(a) students (regardless of their age) are in close contact with their peer group, which is likely
to influence social behavior and strategy (Binter et al., 2012). Furthermore, psychological
problems and lower quality of life are more prevalent amongst students (Henning et al., 2012).
Another issue pertains to the self-selected sample (Bethlehem, 2010): (b) individuals that
participate in a study focused on sensitive topics such as sexuality tend to be more open-minded
and experienced; individuals that choose not to participate in such a study tend to be more
insecure or conservative (Copas et al., 2020; Wiederman 1999). As such, the narrow focus of
participants could lead to less reliable predictions when applied to sexual behavior in the
broader population. It is not to say that the sample that is collected as probabilistic is at all not
affected by the self-selection. Also part of population that does not use internet is hardly
researched in quantitative studies in last decade. Furthermore, those who take part in such
studies may have other motivations such as financial reward for participation. Thus, the chances
of discovering generalizable phenomena are higher in population that are motivated by different

notions than interest in the topic or signing in a subject thought at university.

In addition to acknowledging factors related to sampling, it has long been recognized that the
development of psychometrics is subject to cultural bias; estimates indicate that 96 % of

research in the social sciences is conducted in western, educated, industrialized, rich, and
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democratic (WEIRD; Rad, Martingano, & Ginges, 2018regions. Furthermore, more than half
of the studies are carried out in the United States (Rad, Martingano, & Ginges, 2018). The
universal nature of psychological mechanisms is often belied by socio-cultural, political, and
linguistic manifestations. The SIS/SES has been translated and applied in several countries
including Germany, Italy, Portugal and Poland (Velten et al., 2018; Panzeri et al., 2008; Gomes
etal., 2018; Nowosielski et al., 2021). While the results are generally supportive, there are some
differences in the comprehension of individual items and variation in the optimum factor

structure.

Several studies have indicated gender differences in SIS/SES scores: in comparison to men,
women tend towards higher sexual inhibition and lower sexual excitation (Carpenter et al.,
2008; Cantarella et al., 2008). Validation of the SIS/SES with women confirmed a similar factor
structure although the model fit was less convincing (Carpenter et al., 2008). There were some
gender differences in the relevance of items with respect to sexual arousal (Carpenter et al.,
2008). Interestingly, it was noted that women’s scores correlated more strongly to measures of
sexual behavior while men’s scores were more closely related to the BIS/BAS (Carpenter et al.,
2008). A short version of the scale was developed that incorporated items deemed to have
invariant psychometric properties across genders (Carpenter et al., 2011). However, the short

form was also developed based on the responses of higher education students.

Previous studies have explored the relationship between BIS/BAS-SIS/SES (Carpenter 2008,
2011; van Lankveld et al., 2015; Janssen et al., 2002) and SIS/SES-SOI (SOI: Sociosexual
Orientation Inventory; Carpenter 2008, 2011; Bartova et al., 2021; Janssen et al., 2002). We
used these studies to generate hypotheses and extend our study to investigate the relationship
between the BIS/BAS and SIS/SES questionnaires together with the SOI using two methods of
sampling — non-probabilistic and probabilistic. Both samples were collected in the Czech
Republic, a central European country, that arguably does not conform to a typical WEIRD
population. The aim of this study was to determine whether predicted relationships between

questionnaires were evident when applied to a broader population.

Method
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Participants

The probabilistic (representative) sample was collected by a data collection agency (Czech
National Panel; narodnipanel.cz). The sample was randomly sampled based on strata including
sex, age groups, level of education, and size of inhabited area. The non-probablistic (non-
representative) sample was collected using combination of online advertising on science and
life style oriented webpages and snowball sampling (websites pokusnikralici.cz; bezpasaka.cz).
Data were collected using Qualtrics online platform, which could be completed on both
computer and mobile devices. Both samples were collected simultaneously in the Czech

Republic 2021.

The data was part of a larger research project focused on affective state perception (pre-
registered https://osf.io/bhk6m/). Criteria for inclusion were: (a) age of respondent between 18
and 50 years, and (b) at least minimal reported experience with pornographic materials (due to
fact that pseudo-sexual images — facial expressions and vocalizations of individuals
experiencing sexual pleasure, but no explicit visual materials — were presented to participants
during the study). The exact formulation was as follows: “I declare that I have at least minimal

experience with pornographic materials.”

In the probabilistic sample, a total of 417 respondents (aged 18-50, Mage = 33.69, SD = 9.72)
completed the questionnaires. We aimed for N= 400 but extra 17 individuals filled in the
questionnaire). In total 213 women (aged 18-50, Mage = 31,98, SD = 9,02) and 204 men (aged
18-50, Mage = 31,98, SD = 9,02) took part in the study. In the non-probablistic sample, 485
participants filled in the questionnaire, 313 women (M age=30.17, SD=7.77) and 172 men (M
age=31.43, SD=8.01). Further demographic information for both samples are included in Table
1.

Measures

The Institutional Review Board of Faculty of Sciences approved the study protocol (no.

2018/08). Data were handled in compliance with GDPR regulations.

Following an onscreen introduction to the study, participants provided informed consent before

completing the demographic information set of questions. The BIS/BAS, SIS/SES, and SOI
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questionnaires were translated to Czech and back-translated by experienced researchers and

trained psychologists

The sexual inhibition and inhibition scales (SIS/SES-SF)

The questionnaire is composed of 3 separate types of questions targeting hypothetical situations
related to sexual performances, risks related to sexual interaction, and arousal reactivity
involving situations. The rating is on 4-point scale (Very false to me — Very true to me). SIS1,
Inhibition Due to Threat of Performance Failure, consists of 4 questions (i.e., “I cannot get
aroused unless I focus exclusively on sexual stimulation”). SIS2, Inhibition Due to Threat of
Performance Consequences, consists also of 4 questions (i.e., “If I realized there is a risk of
catching a sexually transmitted disease, I am unlikely to stay sexually aroused”). SES, Sexual
Excitation, consists of 6 questions (i.e., “When a sexually attractive stranger accidentally

touches me, I easily become aroused”).

The questionnaire used is a shorter form (Carpenter et al., 2011) of the original Sexual
Inhibition and Sexual Excitation Scales (Janssen et al., 2002). The reason for choosing the short
version, apart from time-consumption in an online experiment, is that the version is valid for
both sexes. The Czech version (Appendix 1) allows for administration for both sexes with no
modification. There are number of studies demonstrating consistency of the short version with
the original one (Bancroft et al., 2009, Carpenter et al., 2008, Rettenberger & Briken, 2013,
Turner, Briken, Klein, & Rettenberger, 2013).

Behavioral Inhibition System/Behavioral Activation System Scales (BIS/BAS-Scales)

The BIS/BAS-scales consist of 4 separate types of questions targeting motivation to avoid
aversive outcomes and motivation to approach goal-oriented outcomes. The rating is realized
on a 4-point scale (Very false to me — Very true to me). The Behavioral Inhibition (BIS) scale
consists of seven questions (i.e., “I worry about making mistakes*, “Criticism or scolding hurts
me quite a bit*). Other 13 questions are dedicated to the Behavioral Activation Scales (BAS).
Thus, three separate subscales are Fun-Seeking (BAS-FS) which consists of 4 questions (i.e.,
“I will often do things for no other reason than that they might be fun’), Reward Responsiveness
(BAS-RR) consisting of 5 questions (i.e., “When I’'m doing well at something, I love to keep at
it”), and Drive (BAS-D), also consisting of 4 questions (i.e., “I go out of my way to get things

I want”). The Czech version (Appendix 2) allows for administration for both sexes with no
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modification. The questionnaire was used in other languages and consistency of the results was

successfully demonstrated (Carver & White, 1994; Jorm et al., 1998).

The socio-sexual orientation inventory (SOI-R)

The questionnaire maps individual willingness to engage in uncommitted sexual activity. The
questionnaire consists of 9 questions that can be divided to 3 subscales, each consisting of 3
questions: Behavior (i.e., “With how many different partners have you had sex within the past
12 months?”), Attitudes (i.e., “Sex without love is OK.”), and Desires (i.e., “How often do you
have fantasies about having sex with someone you are not in a committed romantic relationship
with?”). A total score (SOI-TOT) can be obtained by summing (or less commonly averaging)
scores from all questions. We used the version that uses 9-point scales that all responses are
mapped into. The originally developed scale by (Penke & Asendorf, 2008) is commonly used
in Czech language (e.g., Bartova et al., 2020, Bartova et al., 2021) and consistency with the

original language has been demonstrated by above mentioned authors.

Hypotheses
Hypotheses were based on previously published results.

H1: Sexual excitation (SES) will positively correlate with the behavioral activation (BAS)
dimensions of Drive, Fun-seeking and Reward Responsiveness in women (van Lankveld et al.,
2015; Carpenter at al., 2008) and men (van Lankveld et al., 2015; Carpenter at al., 2008, 2011;
Janssen et al., 2002).

H2: Sexual inhibition due to treat of performance failure (SIS1) and sexual inhibition due to
treat of performance consequences (SIS2) will negatively correlate with the dimension Fun-
seeking of behavioral activation (BAS) in men (van Lankveld et al., 2015; Carpenter at al.,

2008, 2011; Janssen et al., 2002).

H3: SISI and SIS2 in men will positively correlate with behavioral inhibition (BIS; Carpenter
atal., 2008, 2011; Janssen et al., 2002; van Lankveld et al., 2015).

H4: Sexual excitation (SES) will positively correlate with the three sociosexual orientation
(SOI) subscales (Bartova et al., 2021) and SOI total score in both men and women (Janssen et

al., 2002; Carpenter at al., 2008, 2011; Bartova et al., 2021).
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HS5: Both measure of sexual inhibition (SIS1 and SIS2) will negatively correlate with the three
sociosexual orientation (SOI) subscales and SOI total score in men and women (Janssen et al.,

2002; Carpenter at al., 2008, 2011; Bartova et al., 2021).

Data analysis

The data analyses were performed using SPSS 26 software package. Data from the probabilistic
and non-probabilistic samples were analyzed separately. Cronbach’s alpha was calculated to
determine the level of internal consistency. The relationship between subscales were analyzed
using Pearson’s correlations controlled for age. The reason is maximal comparability with

existing studies, especially Batorva et al. (2021) conducted on Czech non-probabilistic sample.

Results

Reliability

Analysis of the internal consistency was conducted on data from the probabilistic sample. For
the BIS/BAS questionnaire, internal consistency of 0.790 (for women 0.790 and 0.775 for men
respectively) was found for the total score. The Behavioral Inhibition (BIS) subscale reached a
consistency of 0.753 (for women 0.741 and 0.714 for men respectively); the BAS-FS subscale
reached a consistency of 0.673 (for women 0.680 and 0.664 for men respectively); the BAS-
RR subscale reached a consistency of 0.688 (for women 0.682 and 0.691 for men respectively);
and the BAS-D subscale reached a consistency of 0.680 (for women 0.713 and 0.640 for men

respectively).

For the SIS/SES-SF questionnaire, an internal consistency of 0.662 (for women 0.697 and 0.639
for men respectively) was found for the total score. The Sexual Excitation subscale reached a
consistency of 0.790 (for women 0.793 and 0.768 for men respectively); the Inhibition Due to
Threat of Performance Failure (SIS1) subscale reached a consistency of 0.538 (for women
0.512 and 0.516 for men respectively); and the Inhibition Due to Threat of Performance
Consequences (SIS2) subscale reached a consistency of 0.648 (for women 0.656 and 0.618 for

men respectively).

For the SOI-R questionnaire, an internal consistency of 0.829 (for women 0.788 and 0.849 for

men respectively) was found for the total score. The Behavior subscale reached a consistency
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of 0.744 (for women 0.737 and 0.753 for men respectively); the Attitudes subscale reached a
consistency of 0.799 (for women 0.741 and 0.836 for men respectively); and the Desire subscale

reached a consistency of 0.818 (for women 0.780 and 0.816 for men respectively).

Correlations

The relationship between questionnaires was analyzed separately for men and women in each
of the probabilistic and non-probabilistic samples. Controlling for age limits the impact of age
differences in the samples and allowing for a direct comparison with the results of Bartova et

al. (2021).

Data from the probabilistic sample of women (see Table 2) showed SIS1 and SIS2 were
significantly positively correlated. A significant positive correlation was found between SIS1
and SES. A significant positive correlation was found between SES and all three SOI subscales
(behavior, attitude and desire) as well as SOI total score. There was a significant negative
correlation between SIS1 and BAS reward, while SIS2 showed a significant negative
correlation with BIS. A significant negative correlation was found between SES and the three
BAS (drive, fun and reward) dimensions as well as between SES and BIS. Significant positive
correlations between the three BAS dimensions. There was a significant positive correlation
between both BAS Fun, BAS Reward and BIS. In addition, BAS fun was significantly
negatively correlated with SOI Behavior, SOI Desire and the SOI total result while for BAS

Reward we found negative correlation with SOI Attitude, SOI Desire and SOI total score.

In the non-probabilistic sample of women (see Table 3), correlations with SES were replicated
with two exceptions: a significant negative correlation between SIS1 and SES was found in
addition to a significant negative correlation between SIS2 and SES. There were significant
negative correlations between SIS1 and SOI Attitude, SOI Desire and the SOI total score. SIS2

significantly negatively correlated with the three SOI subscales as well as SOI total score.

In the probabilistic sample of men (see Table 4) a significant positive correlation was found
between SIS1 and SIS2. SES significantly positively correlated with SOI, SOI Attitude and SOI
Desire. However, no further significant correlations were found between either SIS1 or SIS2

and SOI. There was a significant negative correlation between SIS1 and BIS. A significant
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negative correlation was also found between SIS1 and BAS Reward in addition to a significant

positive correlation between both SIS1, SIS2 and BAS Fun.

In the non-probabilistic sample of men (see Table 5), the significant positive correlation
between SIS1 and SIS2 was replicated. SES was also found to significantly correlate with SIS2.
Significant negative correlations were found between SIS1 and SOI Attitude, SOI Desire and
SOI total score. Significant negative correlations were found between SIS 2 and SOI Behavior,
SOI Attitude, SOI Desire, and SOI total score. Significant positive correlations were also found
between SES and SOI Behavior, SOI Attitude, SOI Desire, and SOI total score. The significant
relationship between SIS1 and BAS Reward was not replicated in the non-probabilistic sample.
Furthermore, a significant positive correlation was found between SIS1 and BAS Fun, with a
significant negative correlation between SIS1 and both BAS Reward and BIS. Significant
negative correlations were found between SIS2 and both BAS Drive and BAS Fun. There was
a significant positive correlation between SIS2 and BIS. A significant negative correlation was

also found between SES and BAS Fun.

Discussion

We investigated the relationship between psychometric measures of excitation and inhibition
in two (probabilistic and non-probabilistic) samples. Data were collected simultaneously,
therefore any discrepancy in between our results and previous research can be reasonably
attributed to the sampling process and not differences in time. The correlation analyses also
controlled for age to limit the possibility of differences in sexual behavior between samples.
For example, it is understood that sexual motivation changes over the lifespan (Bartova et al.,
2021, Binter et al., 2012). As such, any difference between samples is likely to stem from

demographic aspects such as socioeconomic status or geographic location.

A positive correlation between sexual excitation and the three behavioral activation dimensions
was predicted (H1) in both men and women. This relationship was found in women in both
samples. In men, sexual excitation was only related to behavioral activation dimensions (with
the exception of the dimension Drive) in the non-probabilistic sample. These results validate
the sexual excitation construct as a specific domain of the general behavioral activation system

theorized by the Reinforcement Sensitivity Theory (Bancroft, 1999). However, the absence of
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a relationship in the probabilistic sample indicates that in men, there could be demographic
factors that moderate SES or BAS, creating divergence. For example, it is notable that there is
no relationship between sexual excitation and sociosexual orientation’s behavior in the
probabilistic sample that is calculated based on three items including the number of sexual
partners. Encompassing broader geographical regions where access to multiple sexual partners
is limited or stable monogamous relationships are more prevalent could influence sexual

excitation whilst not diminishing individual differences in general activation.

A negative relationship between both SIS1 (sexual inhibition due to threat of performance
failure), SIS2 (sexual inhibition due to threat of performance consequences) and BAS Fun was
predicted (H2) in men. However, we only found a negative correlation between SIS1 and BAS
Fun in the non-probabilistic sample. There was also no negative relationship between either
SIS1 or SIS2 and BAS Fun in the women’s results. Both SIS1 and SIS2 concern sexual
inhibition; specifically, SIS1 concerns performance anxiety and SIS2 concerns fear of
performance consequences. As such, inhibition in this context was anticipated to be opposed to
proneness to seek novel sensations or excitement. Validation of the SIS/SES scale in Polish
also found no significant relationship between SIS and BAS (Nowosielski et al., 2021). Firstly,
their study incorporated a sample that had a broad age range, the majority of which had attained
secondary level of education and worked blue-collar jobs. Secondly, during factor analysis two
items in SIS1 were found to load better on SES. It was suggested that socio-cultural factors
might influence the context of sexual encounters (Nowosielski et al., 2016), thus predicting

arousal rather than threat of consequences for example.

In men, a positive relationship between both SIS1 and SIS2 and BIS (behavioral inhibition) was
predicted (H3). However, only a relationship between SIS1 and BIS was shown in the non-
probabilistic sample of men. This is congruent with some previous research that showed a
relationship between SIS1 and BIS (Carpenter et al. 2011; van Lankveld et al. 2015) while
others found a relationship between SIS2 and BIS (Carpenter at al., 2008, 2011; Janssen et al.,
2002). Both BIS and SIS measure inhibitory motivation and as such should at least show some
overlapping relationship. We also found no relationship between either SIS1 or SIS2 and BIS
in both samples of women. Van Lankveld et al. (2015) suggested that whilst sexual inhibition
covaries with domain non-specific inhibition in men, the relationship may only be weak in

women.

We predicted (H4) positive correlations between SES and SOI (the three subscales and total

score of sociosexual orientation) in both men and women, which was confirmed in both
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probabilistic and non-probabilistic samples; except the correlation between SES and SOI
behavior in the non-probabilistic sample discussed previously. These relationships in the
expected direction validate the SES construct. Individuals with a more casual attitude to sexual
relations exhibit greater sexual excitation. Conversely, a negative correlation was predicted
(H5) between sexual inhibition measures (SIS1 and SIS2) and SOI (the three subscale and the
total score) in men and women. In the non-probabilistic sample, the relationships between SIS1
(Bartova et al., 2021), SIS2 (Janssen et al., 2002; Carpenter at al., 2008, 2011; Bartova et al.,
2021) and SOI subscales (with the exception of SOI Behavior) is congruent with previous
research. Individuals with a more casual attitude to sexual relations are less likely to be inhibited
by the threat of performance failure and consequences. However, there was no relationship
between measures of sexual inhibition in the probabilistic samples of men or women. This
pattern of results matches research conducted in Poland (Nowosielski et al., 2021); while the
relationship between sexual excitation and attitudes appears robust, further research is required

to determine the influence of sexual inhibition within the broader population.

Findings from the non-probabilistic sample were generally similar to results of previous
studies (van Lankveld et al., 2015; Carpenter at al., 2008, 2011; Janssen et al., 2002, Bartova
et al., 2021). The data indicate that sexual excitation is predictive of casual sexual attitudes
across both men and women irrespective of the sample demographic. An overlap between
general domain of behavioral activation and specific domain of sexual excitation is consistent
in women. However, behavioral activation and sexual excitation tendencies are generally only
related in the narrow non-probabilistic sample of men. Czech Republic is considered as part
of Central Europe and does not arguably fit in the WEIRD categorization. Despite the
different historical and cultural background the findings from our self-selected sample are

highly similar to the previous studies conducted in western countries.

The relationship between sexual inhibition and attitudes to sexual behavior appear robust only
in the non-probabilistic samples of both men and women. These discrepancies were, however,
congruent with studies that utilized a broader sample (i. e., Nowosielski et al., 2021).
Furthermore, overlap between general domain of activation/inhibition and sexual inhibition
construct appears to be more complex. It is important to clarify that correlation analysis is not
the ideal statistical tool to explore the presence of associations between scales, thus used in
majority of the studies to evaluate the concurrent validity (van Lankveld et al., 2015).
Correlation can only capture the simplest type of association and the presence of subgroups

within a sample may create artefacts. Nevertheless, the self-selection of participants can bias
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sex research; the most conservative or sexually insecure people are less likely to be included.
Furthermore, targeted broad population samples are more likely to influence results. Previous
cross-cultural research found gender equality, economic income, and life expectancy, for
example, to be related to socio-sexual orientation. While there is an abundance of support for
the sexual excitation and inhibition model, the validity of predictions may be less reliable when

applied to sections of the population.

Conclusion

The study was designed to evaluate the impact of sample choice on the correlational analyses
of concurrent validity. Concretely we have focused on SIS/SES-SF, which is based in Dual
Control Model of Sexual Response and BIS/BAS questionnaire which is broader measure of
tendency to motivation to avoid aversive outcomes (Behavioral Inhibition System) and
motivation to approach goal-oriented outcomes (Behavioral Activation System) based in
Reward Sensitivity Theory. As third questionnaire we have included the SOI-R that maps socio-
sexual orientation, a tendency and willingness to uncommitted sexual activity. The
questionnaire also includes behavioral component focused on amount of partners. As expected,
we have found different results in case of the probabilistic and non-probabilistic sample. The
results show more consistency in case of women compared to men showing higher impact of
sample choice on the result in case of men. We also found that our non-probabilistic sample
resembled the outcomes in other western countries whereas the probabilistic sample results
deviated from expectations (Table 6 and 7). We find these results to be important for future
research design adjustment, namely national surveys and probabilistic sample collections, and

interpretation of results involving human sexuality.
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Sample

N

Age, mean (SD)
Sex

Female

Male

Size of inhabited area
Less than 1000
1000 -4999
5000 -19999

20 000 —99 999
100 000 —999 999
Above 1 mil. (Prague)
Education

Primary
Vocational
Secondary
University degree
Partnership status
Single

In relationship
Married

Divorced
Widowed

Probabilistic

417
33.69 (9.7)

213 (51.1%)
204 (48.9%)

71 (17%)
82 (19.7%)
82 (19.7%)
82 (19.7%)
52 (12.5%)
48 (11.5%)

80 (19.2%)
146 (35%)
117 (28.1%)
74 (17.7%)

141 (33.8%)

112 (26.9%)

128 (30.7%)
35 (8.4%)
1(0.2%)

Nonprobabilistic

485
30.62 (7.9)

313 (64.5%)
172 (35.5%)

49 (10.1%)
68 (14%)
53 (10.9%)
66 (13.6%)
77 (15.9%)
172 (35.5%)

9 (1.9%)
179 (36.9%)
20 (4.1%)
277 (57.1%)

207 (42.7%)

147 (30.3%)

98 (20.2%)
32 (6.6%)
1(0.2%)
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Table 1: demographic data for the stratified (probabilistic) and chance (nonprobabilistic)

samples, for each variable, apart for age, is reported the relative frequency and the percentage
in the sample.

BAS-D BAS-F BAS-RR BIS SOI-B SOI-A SOI-D SOl

SES ‘ 505 499"*  494** 370" 315 311 414~ 441
SIS1 ‘ 100 .067 287" 218 114 -1 -197 -175
SIS2 ‘ 027 041 239 294* 020 -246  -.096 -157

Table 2: results correlations for stratified sample of women, *p <.05. **p <.01. ***p<.001

BAS-D BAS-F BAS-RR BIS SOI-B SOI-A SOI-D SOl

SES ‘ A72% 242 3327 .095* 2017 201 .546™** 455***
SIS1 ‘ .098* -.019 .130** 190" -.060 =197 2107 -.213*
SIS2 -.092* -.123** -.022 2027 -132% =245 - 172" -249%

210



Table 3: results of correlations for chance sample of women, *p <.05. **p <.01. ***p<.001

BAS-D BAS- BAS-RR BIS SOI-B SOI-A SOI-D SOl
F
SES -.093 166 222 240 286 342* 378" 435*
SIS1 144 .020 405" .076 043 .002 .064 041
SIS2 .052 -213 .086 -085  .056 -136 255 040

Table 4: results of correlations for stratified sample of men, *p <.05. **p <.01. ***p<.001

BAS-D BAS-F BAS-RR BIS

SOI-B SOI-A SOI-D SOl
SES 123 270" 284" 130 0.214*  309"*  585** 489"
SIS1 .010 -A77* 002 A182*  -087  -313"* _187*  -266***
SIS2 -257%% 246"  -154 188*  -196*  -248**  -172*  -269***

Table 5: results of correlations for chance sample of men, *p <.05. **p <.01. ***p<.001

BAS-D BAS-F BAS-RR BIS SOI-B SOI-A SOI-D SOl

SES PN PN PN PN PN PN PN
SIS1 N N N
SIS2 N N N N

Table 6: report of significant correlations (p<.05) found between questionnaire’s subscales

based on the hypotheses —visible non-darkened area - and found in the probabilistic —marked
P- and non-probabilistic — marked N — samples of women.
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BAS-D BAS-F BAS-RR BIS SOI-B SOI-A SOI-D SOl

SES N N N PN PN PN
SIS1 N N N N
SIS2 N N N N N

Table 7: report of significant correlations (p<.05) found between questionnaire’s subscales
based on the hypotheses —visible non-darkened area - and found in the probabilistic —marked
P- and non-probabilistic -marked N — samples of men.

Appendix 1: Czech translation of SIS/SES-SF questionnaire

1. Kdyz se m¢ ndhodn¢ dotkne pro mé sexualné pfitazlivy nezndmy ¢lovek, snadno se
sexudlné vzrusim.

2. Pravdépodobné nedosahnu silného vzruseni, kdyz mam sex nékde venku na skrytém
misté a myslim si, Ze nékdo miize byt nablizku.

3. Sexualné se vzrusim, kdyz telefonuji s nékym, kdo mé sexy hlas.

4. Nemohu se sexualn¢ vzrusit, pokud se nesoustfedim vyhradné€ na sexualni drazdéni.

5. KdyzZ jsem sam/sama a masturbuji, ale uvédomim si, Ze nékdo mize kazdou chvili
vejit do mistnosti, mé sexudlni vzruSeni opadne.

6. Kdyz si uvédomim riziko ndkazy sexudlné pfenosnou chorobou, je nepravdépodobné,
7Ze zUstanu sexualné vzruSeny/a.

7. Pokud by mé pfi sexudlnich aktivitdich mohl nékdo vidét, je nepravdépodobné, Ze
zlstanu sexudlné vzruseny/a.

8. Je pro mne snadné se vzrusit, kdyZ myslim na velmi atraktivni osobu.

9. Pokud dosahnu sexualniho vzruseni (u muzl - mam erekci), chcei co nejdiive pohlavni
styk, neZ moje vzruseni opadne.

10. Kdyz za¢nu mit sexudlni pfedstavy, velmi snadno se vzrusim.

11. Vidét jiné lidi pii sexudlnich aktivitdch ve mné budi touhu se sexualnim aktivitdm
veénovat také.

12. KdyZ mam rusivé myslenky, mé sexualni vzruseni snadno opadne.

13. Kdyz mé& vyrusi hudba, televize, nebo rozhovor, je nepravdépodobné, Ze budu 1 nadéle
sexualn¢ vzruseny/a.

14. KdyZ se mnou flirtuje n€kdo pfitazlivy, snadno se sexualné€ vzrusim.

Appendix 2: Czech translation of 24 item BIS/BAS questionnaire
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vvvvvv

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

Kdyz se mi v néem dafi, rdd/a v tom pokracuji.

Jsem vzdy ochotny/a vyzkouset néco nového, kdyz si myslim, Ze to bude zabava.
Je pro mne dilezité, 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 dé&lam véci jen pro to, Ze by to mohla byt zabava.

. Je pro mé 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 mé

n¢kdo zlobi.

Kdyz vidim pfilezitost ziskat néco, co se mi libi, hned se nadchnu.
Casto délam véci z popudu a bez premysleni.

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, siln¢ to prozivam.

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

Kdyz o néco usiluji, neohlizim se na pravidla, jdu do toho bez zébran.
Ve srovnani s mymi piateli mam jen velmi malo obav.

Vyhra v soutézi by ve mné¢ vyvolala vzruseni.

Maém obavy, ze udélam néco Spatné.
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Artificial-Intelligence-driven detection of key points and saliency can
describe asymmetric distributions of sexual arousal cues of female nudes

without using supervised landmarks

Abstract: Background: Traditionally, specific features of the nude female form were found to
be sexually attractive: overall body shape, as well as breast appearance and culturally-based
modifications (tattoos, piercings, pubic hair removal). 4im: We used modern image analysis
algorithms (specifically, neural networks) to challenge this view by extracting features other
than landmarks present in the 2D images of 15 female nudes. Methods: We implemented the
Al analysis to find two kinds of features in these images, key points and regions of high
saliency, and their possibly asymmetric distribution. Our choice of these two kinds of features
is based on how humans use gazing and saccades prior to appraising what has been seen.

Results: We find that (1) the ten strongest AGAST key points are asymmetrically distributed
in ~ ; of the nudes; (2) regions of high saliency (‘saliency patches’) are asymmetrically

distributed among the nudes; (3) several saliency patches were (intentionally) produced by
these women via tattoos, piercings, depilation, etc. Conclusion: Saliency patches and AGAST
key points contribute to a woman’s visual sexiness beyond her physical attractiveness. The
difference between physical attractiveness and erotic arousal is crucial from an evolutionary

aspect: the latter ensures offspring, while the former may not.
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Introduction

Signaling a potential partner’s sexuality, in the sense of arousal, is an important mechanism
for reproductive success. Ethologists and evolutionary psychologists have pointed out that one
must distinguish between physical attractiveness and ‘sexiness’ (i.e. being sexually arousing).
While the former may be a first stage in becoming aware of a potential partner, sexiness is
necessary for ultimately successful copulation and, in the situation of heterosexual partners,
reproductive success. Sexiness, therefore, has a biological quality that must have evolutionary
implications. Because it is impossible to test evolutionary processes in a laboratory setting (at
least not for macro-animals, such as humans), we attempt to find rigorous, non-speculative
features of sexiness that enable inferences relating to the underlying reproductive biology.
Our aim is to apply a suite of modern statistical analysis methods that can detect such visual
arousal mechanisms; we present the visually strongest ones (AGAST key points (Mair et al.,

2010) and saliency patches — defined below) and their implications for sexual arousal.

We take advantage of the sexual arousal potential offered by the pornographic industry to
search for possible ways it is signaled by photographs of (naked) females. Prior to rehearsing
action in a porn video scene, candidates pose naked for ‘stills’ (the technical term used for
photographs — as opposed to video clips — in this industry). We use only these photographs
for our analyses. We have no further information about the candidates being hired (or not)
after their rehearsal. The ‘stills’ are oftentimes used as cover images on the packaged
medium; therefore, the visual sexiness of the nude in the long run contributes to her video

market share.

We assume (as does the pornographic industry) that female bodies at first arouse male
viewers visually (Chivers & Bailey; 2005). As we show in this paper, females attempt to

manipulate their arousal potential by manipulating their nude appearance. A visual perception
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setting (oftentimes, but not always, accompanied by rating questionnaires) is an established,
commonplace part of the ethologists’ toolkit, and we, while not analyzing ratings in this
paper, use nude pictures presented to male viewers as a starting point. In the pornographic
industry, the raw materials are images and viewers; purchase of a video must be interpreted as
a positive rating (albeit a preliminary one, because rating occurs prior to viewing parts of the
video). We develop a statistical approach in order to analyze what viewers see, prior to their

rating the visual cues, which would be what they —as raters — perceive.

Among the many methods of how images are analyzed, landmark-based methods have
become quite popular (Mardia et al., 2000; Slice, 2005). These methods attempt to identify
whether viewers can (unconsciously, perhaps) detect biological signals in images. Landmarks
are points in the image that are suitably uniquely defined, so that they can be statistically
analyzed in a suite of images. One popular application of landmark-based methods is to
identify symmetry and asymmetry (Mardia et al., 2000). The coordinates of those identified
landmarks that are outside a line/plane of symmetry — called lateral landmarks — are
mirrored and relabeled, generating a further set of landmarks. A Procrustes superposition of
the lateral landmarks and the relabeled lateral landmarks then define a plane of pseudo-
symmetry (Mardia et al., 2000). The sum of the squares of the (Euclidean) distances between
landmarks and their corresponding relabeled landmarks is then a measure of asymmetry of the

form. Details are described in (Slice, 2005).

However, if one were to investigate whether viewers can detect asymmetry in images of
women posing nude, we encounter a serious problem — if we assume that asymmetry is one
aspect of sexiness (Thornhill & Gangestad, 1994; Thornhill et al., 1995; Gangestad &
Thornhill, 1997). In the conventional landmark-based scenario, the images are the result of

considerable preparatory care by the photographer (such as ensuring consistent frontal views,
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reasonably uniform lighting, absence of distracting blemishes, etc.). In the world at large,
subjects do not pose according to the photographer’s and the researcher’s regimen (Tiebicky
et al., 2016; Saribay et al., 2018). Here, we specifically deal with images of this world-at-
large sort. The females are not posing with, say, their neck vertical and their face in rigorously
frontal view, nor are they willing to prevent their head hair from falling asymmetrically over
their shoulders; they might even desire to suggest coyness as a sexual signal by choosing how
to display their (head) hair (Kerrigan, 1996). Hence we do not (and need not) define
landmarks, because we investigate how viewers’ vision (which we mimic by Al image
processing) is involved in assessing the physical attractiveness and sexiness of the posing

nudes.

There exists a considerable body of research that documents how the visual apparatus relies
on extracting sexiness via eye movements (smooth gaze and saccades). Saccades are fast
movements of the eyes from one fixation point to another (Holland & Komogortsev, 2013)
and what we perceive as a smooth gaze in reality consists of rather fast twitches (further
details in Hessels et al., 2018). Focusing or gazing rarely relies on landmarks — if at all.
Conventional studies have defined ROI (Regions of Interest — plural), an approach critics
have found wanting, as ROI are usually defined by researchers. With the advent of Al-based
image processing algorithms, ROI need no longer be defined by the researchers, but by
regions of high saliency (Karthikeyan & Muneeswaran, 2015). If we are interested in
determining how viewers appraise the nudes, we must take into consideration that visual
perception via landmarks may not be as strong as that via saliency map regions and key
points. Saliency regions and key points drive the human visual apparatus’s response to
(visual) stimuli. We therefore need not define ROI, but let unsupervised Al-driven image

processing detect ROI for us.
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Eye-tracking studies have shown that gaze patterns are the same for both hetero- and
homosexual males and females (Dixson et al., 2010; Dixson et al., 2011; Garza et al., 2016;

Apostolou et al., 2017; Widman et al., 2019).

Analysis of eye-tracking studies that attempted to (separately) evaluate aesthetics and
asymmetry show that there exist two different gaze patterns, with the aesthetic evaluation
being more uniformly distributed over the whole female form, while the fixation point
distribution is highly laterally asymmetric. Not surprisingly, researchers have dealt with the
issue of whether some fixation points are likely to be around the areolas (Garza et al., 2016;
Pietruski et al., 2019); study outcomes have, however, been inconclusive. This region is also
challenging from another aspect, because areola skin coloration changes to darker in many
women, the abruptness of the change (mathematically: the change in the derivative of the

radial skin tone function) depending on the surrounding skin tone.

It has long been argued that the shape of the female body is of primary sexual interest
(Thornhill & Grammer, 1999; Singh et al., 2010; Bovet et al., 2016). However, the issue of
ornamentation (in contrast to ornament) has added a new aspect to body shape investigations.
Thornhill & Grammer (1999) support their argument that the whole body (front and rear)
constitutes an ornament with signaling quality by calculating the correlation between facial
and body attractiveness. As we point out in our analysis, correlations of encoded categorical
random variables are a statistically unsupported analysis method. An unexpected relationship

between facial and body images was found (||| | Q) for the same images used in

this paper. ||| | QNN found that the facial appearance is more important for the

judgement of physical attractiveness, whereas body sections are for sexiness; the body in toto
is not an ornament per se. If so, which sections define ROI? How are these to be found and

how great is their signaling strength?
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One approach is to find comparable effects in non-humans, especially in some species of
birds, where ornamentation plays a major role in mate attraction (Diamond, 1998). If we
concur with Diamond (1998), we will predict that ornamentations of the labia majora and the
mons pubis are such ornamentations. As we show below, we indeed find support for this
interpretation of the usefulness of ornamentation to signal sexiness, but not universally;

ornamentations are neither the same across all (female) nudes nor the sole signal of sexiness.

Another possible approach to evaluate sexiness is to use computer-generated models with
exact lateral symmetry (Bovet et al., 2016). One interesting finding involving sexuality
studies is that the gazing pattern hardly relates to information gained from the viewing pattern
(Bovet et al., 2016). Gazes are not laterally symmetric, it was found. For example, there are
visual cues that demand attention, such as a mole on the skin, which destroys lateral
symmetry (Wei et al., 2016; Qiangian et al., 2016). We pursue this cueing and attention-

generating aspect in greater detail in this study.

Our approach involves inventorying those cues and ROI that are available to male viewers
while they appraise the sexiness of the female nudes. We replace a pre-specified list of ROI
by employing an unsupervised approach: we develop a saliency map and let the image
processing algorithms localize regions of high saliency, which we call saliency patches. These
saliency patches are the ROI for this study. We also need to find key points in the images;
these are (visual) cues. The posing nudes may have, in addition to their body features, tattoos,
piercings and varying head (and occasionally body) hair styles. These are intentional,
manipulative additions by the posing females: they want to appear uniquely identifiable and
sexy. They want to seduce — not necessarily all beholders, but perhaps those they
(unconsciously) consider potential consumers of the porn videos they strive to be acting in —

or in the case of partnership — the male they want to copulate with. One research question
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then focuses on: How effective is each nude’s saliency map (by location and number of
saliency patches) and key points in order to seduce potential viewers? A follow-up question

is: Is there an asymmetry in the distribution of these saliency patches and/or key points?

Materials and Methods

Target stimuli

15 females who participated in a casting for participation in pornographic movies were
photographed while they posed standing upright and naked. Based on the recruiting scheme of
the video producing company, we know the females posed with the intent of appearing
sexually arousing, and therefore did not all have the same upright stance, the same facial

orientation, the same tattoos, etc.

AGAST key points

One theme in this paper is the issue which points can be used for assessing arousal
morphology and, by extension, which points are needed if landmarks are not available or are
not included in the list. In image recognition software, various algorithms are used to detect
key points. We use the Adaptive and Generic Corner Detection Based on the Accelerated
Segment Test (AGAST) algorithm (Mair et al., 2010) to detect the 10 key points with greatest
strength. We know from the literature (Zhou & Yu, 2021) that seven to eight fixations are
optimally used by the human visual system. We have added a 25% margin to ensure

reliability without introducing noise.

The first step in determining asymmetry using AGAST key points is to tally the ones that are
to the right and to the left of the midline. Figure 1 shows an example of AGAST key point

distribution of a posing nude.

Saliency maps
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Saliencies are regions in an image that have an enhanced signal relative to their surrounding
pixels; it is the region in an image or scene that attracts visual attention. There exist several
algorithms to detect saliencies; we use the image signature algorithm developed by
(Karthikeyan & Muneeswaran, 2015). Figure 2 shows the steps to find saliency patches for
one female. We first construct a contour map of the saliency intensity (Figure 2a), then find
the output of the image signature algorithm (Figure 2b) and construct patches for likelihoods
above threshold (97.5% of £, ,) that are within the outer contours of the nude image (Figure
2¢). We inventory the distribution of saliency patches over the image of the body for all
nudes, each nude separately. As both the nude identification number and the location of the
patches are categorical variables, we use correspondence analysis (CA; Greenacre, 2007) to
find strongest associations. Because patches on the legs and axial/midline patches contribute
predominantly to noise (Figure 5), we restrict ourselves to the patches on head, face, arms and

torso.

Bayesian likelihoods and clustering

Bayesian statistical analysis is based on the paradigm that the probability s is a random
variable (Kruschke, 2015) and the most likely probability is the mode of the likelihood
function of s. If s is the probability of no asymmetry, then the likelihood function for n, cases

of no asymmetry and n, cases of asymmetry is a Beta distribution

_ 'ny +n,+2) - ,
pdf(Be(n; + 1,n, + 1),s) = T, + DI, + 1) s™(1—5)

where I'(+) is the Gamma function (Weisstein, online). To find the uncertainty of the mode
(specifically, the 95% confidence interval about the mode), we calculate the highest density
interval HDIose, (Kruschke, 2015). If this interval overlaps the probability of randomness (s =

%), then the probability of asymmetry is not significant at this 95% significance level. We note

9
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that a 95% significance level is a very severe measure (in Bayesian statistics) of non-
randomness, and therefore, by inference, a very severe measure of asymmetry not due to

chance.

We can detect the clustering of the key points of the nudes by applying an Al (artificial
intelligence) neural network — in this paper an auto-encoder (Murphy, 2012; Mohri et al.,
2018; Kelleher, 2019) to obtain a dimension reduction and then using kernel density
estimation (KDE; Murphy, 2012; Hastie et al., 2017; Strang, 2019) to find regions of high
likelihood. If the likelihood surface obtained by KDE is multi-modal, then the registrations

near each of the modes form a cluster (as in Fig. 3: there are three modes and three clusters).

Correspondence analysis

As pointed out in the Introduction section, correlations cannot be calculated for categorical
variables; rather, associations between realizations of categorical variables must be calculated.
As there are (only) two random categorical variables (nude number and saliency patch
region), correspondence analysis (CA) is a rigorous statistical analysis procedure (Greenacre,
2007; Beh & Lombardo, 2014). CA uses singular value decomposition (SVD) of the (re-
normalized) contingency table of the registrations. The associations are detectable by finding
a clustering of the scores of one categorical random variable versus those of the other
categorical random variable in a 2D or 3D plot. We use the DBSCAN algorithm (Ester et al.,
1996) to detect these clusters, because, in addition to other advantageous properties, this

algorithm is an unsupervised one (i.e. it also detects how many clusters exist).

We look not only as to whether the nudes are asymmetric, based on salient patch distribution
and based on AGAST key points distribution, but also whether specific salient patches inform
us as to possible saccadic eye movements that not only may influence how viewers appraise

the nudes overall, but may also specifically mislead viewers by (‘eye-catching’) ornaments

10
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that either override or enhance the generation of saliency patches. If we are interested in
asymmetry, we look at how asymmetric the full nude ‘stills’ are, both with respect to the

AGAST key points and with respect to the saliency patches.
Results

Table 1 shows the probability of an asymmetric distribution of AGAST key points, nude by
nude. If we choose to find the significance level using Bayesian likelihood methods, and
accept an HDIosv, uncertainty interval for a significance measure (Figure 4), then only four
nudes (#1, #2, #6, and #8) are significantly asymmetric. If we use Bayesian statistics to infer
whether asymmetry of AGAST key points is a likely phenomenon, we obtain the analysis
outcome shown in Figure 4. The ML probability that AGAST key points are asymmetrically

distributed in the image of a nude is 0.267 and this low probability is significant at 95%

significance. In other words: only in ~i of nude images will an asymmetry of AGAST key

points be detected. The fact that the HDIoso, uncertainty does not overlap s = % indicates that

the sample size of 15 nudes is nof too small for this analysis.

The AGAST key points of the nudes are gathered (by the KDE algorithm) into three clusters
(Fig. 3). We infer that the nudes in the different clusters present differently distributed
fixation points to the viewers. This implies that there are three types of signaling that this
casting session has ‘harvested’. We also note that one nude (#13) is an isolate that does not
cluster with the other nudes. She may be a further type that could be underrepresented in this

casting session.

The prism chart of frequencies of occurrences of saliency patches in different body regions
(Fig. 5) shows that in localized regions there is an asymmetry of saliency patch frequencies

(such as left versus right torso). We observe, for instance, that, for nudes #2 and #3, there are

11
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no saliency patches on the left head, yet some on the right. Figure 6 shows how these regions
of saliency patch asymmetry associate with nudes. We infer that these asymmetrical
distributions trigger a different degree of arousal of the viewers (not necessarily a high one for

every viewer). We note that the asymmetric distribution of saliency patches is highest in the
left arm (for 11 nudes; ~ g of the sample). We conclude that saliency patches rigorously

specify ROI. Whereas several investigations of saccades and gazing (Bovet et al., 2016)
compare the eye movements of different viewers in the ROI defined by other research teams,
we use Al-driven detection of saliency patches to identify ROI; we do not specify ROI a
priori. A further result: ROI for different nudes vary; ROI pre-defined by other researchers do

not.

An important, unexpected discovery was the observation of how piercings, tattoos, etc. can
influence saliency, while AGAST key points do not. In Figure 7, we show how some
ornaments ‘create’ saliency patches that would otherwise not exist. We note how effective
piercings with jewelry and tattoos can be used (by the female) to force ROI thereby defined.
We provide evidence by noting that similar body regions without such piercings or tattoos are
not saliency patches. In an undertaking such as choosing potential nude models for acting in a
porn video, this may be an advantage, comparable to a female seducing a potential sexual
partner in the world of reproductive biology — dependent on the male viewers’ arousal
levels! For practitioners of geometric morphometrics, on the other hand: our discovery of how
saliency patches are not consistently distributed among nudes, and the inference that the
(saccadic) gazing by viewers contributes to distracting from looking at landmarks, the
message is: the assumption of rating the organic form based on the (geometric) location of

landmarks in order to detect variations of biological forms can be fraught with difficulties.
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Because the implementation of piercings, tattoos, depilation regions, etc. are intentional ruses
employed by the posing nudes, we use Al to elaborate on how these ruses come about.
Clearly, a saliency patch of a tattoo (Fig. 7; Nudes #1 and #6) or a piercing (Fig. 7; Nudes #1,
#3, and #12) is detected by the image signature (saliency) algorithm. All saliency patches
shown in Figure 7 possess the expected strong image signature (outputted by the algorithm we
use to detect saliency patch contours; Fig. 2), namely, that the local contrast in brightness,
color gradient, etc. is high. When piercings involve sparkling jewelry (Fig. 7; Nudes #1, #3,
and #12), then the effect of forcing a visual fixation is easily achieved. Likewise, a tattoo of
black ink on a whitish skin is also effective (Fig. 7; Nude #6). It is important to point out that
the described contrast is predominantly possible for females of Caucasian ethnicity (as is our
sample), or, more generally, lighter-skinned individuals; other techniques may be needed in
the case of darker skinned individuals (Grimes, 2008). But visual fixation can also be
generated by a sharp contrast of whitish /abia majora against the backdrop of an almost black
entrance to the vulva (Fig. 7; Nude #12). If this contrast between outer labia and vulva
entrance is not high enough (as in Fig. 7; Nude #1 and #6), the outer labia do not generate a
saliency patch. (This is one reason why it is not uncommon for nude actresses in pornography
videos to bleach the roots of their pubic hairs —after, of course, having depilated their mons
pubis.) Only in one image (Fig. 7; Nude #12) does one areola generate a saliency patch (out
of a total of 30 areolas — 3%; the claim by Pietruski et al. (2019) is not supported by our
findings). We dwell on this topic of artificially added or naturally occurring ornamentations
because, we argue, they strongly influence the fixation of the viewers and they are much more

effective arousal mechanisms than any landmark perception.

Discussion
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The current analysis does not compare the eye movements with the saliency patches nor with
the AGAST key points — we do not imply they are independent. In this paper, we focus on
showing which algorithms detect which (possibly asymmetric) features that are to be found in
an image of a nude posing for a ‘still’. While the nudes were certainly intentionally posing
provocatively (in the sexually arousing sense), the salience patches and the AGAST key
points did not detect many significant asymmetries. This implication of significance does not,
of course, imply a significant lack of asymmetry if landmarks were used. It does imply that
saliency patches need not be asymmetrically distributed, but perhaps within certain regions of

the body they are.

Detecting AGAST key points is a powerful algorithm that successfully mimics the human
visual system, and saliency patch identification algorithms even more so. The latter are part of
automated, unsupervised image recognition search techniques used, for example, to detect
partially hidden or lost humans, etc. in remote or difficult-to-access geographies. Here, we
document why tattoos and piercings are powerful fixation strategies that females use to
augment their visual sexiness; we infer that not only nudes casting for participation in
pornographic movies employ them. In the world at large, potential brides hoping to ultimately
become mothers most certainly do. Our discoveries elucidate the limitations of arguing the

whole female body is an ornament.

However, consider this question: “Why not combine the saliency patch distributions with the
AGAST key points distribution, nude by nude?” If we were to do so, we would be adopting a
misleading procedure. Modern image processing software that attempts to recognize faces,
bodies or other organic forms executes a considerably large suite of image analysis algorithms
and combines their outputs (often in proprietary software packages). We don’t consider the

use of only these two image processing algorithms to adequately simulate proprietary
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software packages. We do demonstrate that the use of landmarks need not be included in a
visual perception study. Statistical analysis of distributions of saliency patches and of AGAST

key points suffice to present the mechanisms of males’ perceptions of sexiness.

The question that is central to evolutionary approaches is whether the ornamentation supplies
a benefit to the female beyond visual sexiness; concretely, whether (biological) fitness can be
positively enhanced. The hypothesis of the human body surface as a canvas postulates that
there is an association between high fitness and the presence of body modifications (Lynn et
al., 2019). This question has been rarely asked in the case of women; in traditional cultures —
mostly, but not solely — men were shown to gain status by having permanent and semi-
permanent body modifications which serve as an extremely costly yet honest signal of good
immunity and pathogen resistance, due to the dangerous techniques used (Buss, 2015). In
studies about body modifications of women in ‘Western’ cultures, the tattoo is considered a
norm violation. It could be positively evaluated by those who search for it — such as porn
viewers — and the signal will be considered a positive one within such a community (Swami
& Furnham, 2007). Molloy and Wagstaff (2021) hypothesize that in both sexes the tattoo can
also serve the purpose of intrasexual competition. It can therefore also be considered a visual
feature when competing for attention via visual cues (Drenten et al., 2020) — an aspect
consistent with our findings, most notably because the posing nudes compete with one

another for being hired to act in a porn video.

Conclusions

If we maintain that sexual arousal is part of the repertoire employed by females to seduce (in
contrast to attract; more specifically, after attracting) a male partner of her choice, then
signaling sexiness is a method that must have been the outcome of an evolutionary selection

process for human females — in a reversal of the iconic peacock’s tail. We emphasize that
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this arousal mechanism is a prerequisite for reproductive success. Our detection of saliency
patches and AGAST key points and their distribution among nude images can be seen as
contributing to the rhetoric of human sexual ethology — and having an evolutionary
psychology basis, not a culturally constructed one. The biology of (uncontrollable) eye
movement is, arguably, difficult to reconcile with the notion of a social construct. We provide
artificial intelligence analysis to show some possible mechanisms in human visual appraisal
of a female’s nude appearance (specifically: response to feature signaling), thus building a
bridge between what the eye sees and the brain perceives on the one hand versus the biology
of human sexual arousal that is not culturally constructed on the other. Females primarily rely
on the visual cues that saliency patches and AGAST key points produce to evaluate potential
advantages over competing rivals. Curiously, these signals also arouse females themselves
sexually — evidenced by them preferentially watching heterosexual pornographic videos
(Ogas & Gaddam, 2011). Males are aroused by images of nude females with those saliency
patches and AGAST key points that match their (the males’) criteria of a desirable sexual
partner — criteria that vary among males. We have also found (via algorithms) the
effectiveness of ornamentations in defining and generating visual fixation points — an issue
that, as far as we can ascertain, has not been adequately, rigorously statistically analyzed in
previous publications. Defining ROI with saliency patches prior to statistical analyses is a
more advanced approach than meta-analyzing published studies that rely on ROI predefined
by researchers. By using Al to find ROI, we extract biological cues that would remain

undetected in studies that compare predefined ROI.

Ethics Statement

[BLINDED]

Acknowledgments

16

232



O J o U bW

OO OO UTTUIUTUTUTUTUTUTUTOTE B DB DB DD DSDNWWWWWWWWWWNNNMNNNMNNNNNNR R PR PR RRP R R
O WNRPOWVWOJdANT D WNRPRPOW®O-TAUBRWNROWOWO®-JdNUD™WNRFROWOW-JOUDWNR OW®W--I0 U D WN R O W

[BLINDED]

Disclosure Statement

Funding (information that explains whether and by whom the research was supported)

[BLINDED - Public national funding].

Conflicts of interest/Competing interests (include appropriate disclosures)

The authors declare no conflict of interest.

Availability of data and material (data transparency).

Since the pictures of nude women may be found disturbing by some readers, we will provide

the files upon request (please contact the authors).

Code availability (software application or custom code)

We have used Wolfram Mathematica and their proprietary codes to analyze the data, more

details on specific decisions can be found in method section.

17

233



O J o U bW

OO OO UTTUIUTUTUTUTUTUTUTOTE B DB DB DD DSDNWWWWWWWWWWNNNMNNNMNNNNNNR R PR PR RRP R R
O WNRPOWVWOJdANT D WNRPRPOW®O-TAUBRWNROWOWO®-JdNUD™WNRFROWOW-JOUDWNR OW®W--I0 U D WN R O W

References

Apostolou, M., Shialos, M., Khalil, M., & Paschali, V. (2017). The evolution of female same-
sex attraction: The male choice hypothesis. Personality and Individual Differences, 116,

pp. 372-378.

Beh, E. J. & Lombardo, R. (2014) Correspondence Analysis: Theory, Practice and New

Strategies. Wiley Series in Probability and Statistics.

Bovet, J., Lao, J., Bartholomée, O., Caldara, R., & Raymond, M. (2016). Mapping female

bodily features of attractiveness. Nature Scientific Reports, 6, 18551.

Buss, D. M. (Ed.). (2015). The handbook of evolutionary psychology.: Foundation (Vol. 1).

John Wiley & Sons.

Chivers, M. L., & Bailey, J. M. (2005). A sex difference in features that elicit genital

response. Biological psychology, 70(2), 115-120.
Diamond, J. M. (1998). Why is Sex Fun? The Evolution of Human Sexuality. Basic Books.

Dixson, B. J., Grimshaw, G. M., Linklater, W. L., & Dixson, A. F. (2010). Watching the

hourglass. Human Nature, 21(4), 355-370.

Dixson, B. J., Grimshaw, G. M., Linklater, W. L., & Dixson, A. F. (2011). Eye tracking of
men’s preferences for female breast size and areola pigmentation. Archives of Sexual

Behavior, 40(1), 51-58.

Drenten, J., Gurrieri, L., & Tyler, M. (2020). Sexualized labour in digital culture: Instagram
influencers, porn chic and the monetization of attention. Gender, Work &

Organization, 27(1), pp. 41-66.

Ester, M., Kriegel, H-P., Sander, J., Xu, X. (1996) A density-based algorithm for discovering

clusters in large spatial databases with noise. In: Simoudis, E., Han, J., Fayyad, U.M. (eds.).



O J o U bW

OO OO UTTUIUTUTUTUTUTUTUTOTE B DB DB DD DSDNWWWWWWWWWWNNNMNNNMNNNNNNR R PR PR RRP R R
O WNRPOWVWOJdANT D WNRPRPOW®O-TAUBRWNROWOWO®-JdNUD™WNRFROWOW-JOUDWNR OW®W--I0 U D WN R O W

Proceedings of the Second International Conference on Knowledge Discovery and Data

Mining (KDD-96). AAAI Press pp. 226231

Gangestad, S. W., & Thornhill, R. (1997). The evolutionary psychology of extrapair sex: The

role of fluctuating asymmetry. Evolution and Human Behavior, 18(2), 69—88.

Garza, R., Heredia, R. R., & Cieslicka, A. B. (2016). Male and female perception of physical

attractiveness: an eye movement study. Evolutionary Psychology, 14(1), 1474704916631614.

Greenacre, M. (2007). Correspondence Analysis in Practice. 2" Edition. Chapman &

Hall/CRC.

Grimes, P. E. (Ed.). (2008). Aesthetics and cosmetic surgery for darker skin types. Lippincott

Williams & Wilkins.

Hastie T, Tibshirani R, Friedman J. (2017) The Elements of Statistical Learning. Data

Mining, Inference, and Prediction. New York: Springer. 745 p.

Hessels, R. S., Niehorster, D. C., Nystrom, M., Andersson, R., & Hooge, I. T. (2018). Is the
eye-movement field confused about fixations and saccades? A survey among 124

researchers. Royal Society open science, 5(8), 180502.

Holland, C. D., & Komogortsev, O. V. (2013). Complex eye movement pattern biometrics:
Analyzing fixations and saccades. In 2013 International Conference on Biometrics (ICB)

(pp. 1-8). IEEE.

235



O J o U bW

OO OO UTTUIUTUTUTUTUTUTUTOTE B DB DB DD DSDNWWWWWWWWWWNNNMNNNMNNNNNNR R PR PR RRP R R
O WNRPOWVWOJdANT D WNRPRPOW®O-TAUBRWNROWOWO®-JdNUD™WNRFROWOW-JOUDWNR OW®W--I0 U D WN R O W

Karthikeyan M., & Muneeswaran, K. (2015) Detecting visual saliency using image signature.
International Conference on Computing and Communications Technologies (ICCCT’15),

pp- 302-305.
Kelleher, J. D. (2019) Deep Learning. MIT Press, Cambridge, MA, USA.

Kerrigan, W. (1996). A theory of female coyness. Texas Studies in Literature and

Language, 38(2), 209-222.

Kruschke, J.K. (2015) Doing Bayesian Data Analysis: A Tutorial with R, Jags, and Stan. 2™

Edition. Elsevier Academic Press, London, UK. 759 p.

Lynn, C. D., Puckett, T., Guitar, A., & Roy, N. (2019). Shirts or skins?: Tattoos as costly
honest signals of fitness and affiliation among US intercollegiate athletes and other

undergraduates. Evolutionary Psychological Science, 5(2), 151-165.

Mair, E., Hager G. D., Burschka, D., Suppa, M., & Hirzinger, G. (2010) Adaptive and
Generic Corner Detection Based on the Accelerated Segment Test. In: Daniilidis K., Maragos,
P., Paragios, N. (eds.): ECCV 2010, Part II, LNCS 6312, pp. 183-196. Springer-Verlag Berlin

Heidelberg.

Mardia, K. V., Bookstein, F. K., & Moreton, 1. J. (2000) Statistical assessment of bilateral

asymmetry of shapes. Biometrika 87, 285-300.

Mohri, M., Rozdamizadeh, A., Talwalkar, A. (2018) Foundations of Machine Learning
(Adaptive Computation and Machine Learning Series), Cambridge, MA: The MIT Press.

504 p.

Molloy, K., & Wagstaff, D. (2021). Effects of gender, self-rated attractiveness, and mate

value on perceptions tattoos. Personality and Individual Differences, 168, 110382.

20



O J o U bW

OO OO UTTUIUTUTUTUTUTUTUTOTE B DB DB DD DSDNWWWWWWWWWWNNNMNNNMNNNNNNR R PR PR RRP R R
O WNRPOWVWOJdANT D WNRPRPOW®O-TAUBRWNROWOWO®-JdNUD™WNRFROWOW-JOUDWNR OW®W--I0 U D WN R O W

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

MIT Press. 1071 p.

Ogas, O. & Gaddam, S. (2011) 4 Billion Wicked Thoughts: What the World's Largest

Experiment Reveals about Human Desire. Dutton. 416 p.

Pietruski, P., Paskal, W., Paskal, A. M., Jaworowski, J., Paluch, L., & Noszczyk, B. (2019).
Analysis of the visual perception of female breast aesthetics and symmetry: An eye-tracking

study. Plastic and reconstructive surgery, 144(6), 1257-1266.

Qiangian, W., Guangtao, Z., Chunjia, H., Xiongkuo, M. (2016) Visual Attention Analysis and
Prediction on Human Faces with Mole. VCIP 2016, Nov. 27-30, 2016.

Saribay, S. A., Biten, A. F., Meral, E. O., Aldan, P., Ttebicky, V., & Kleisner, K. (2018). The

Bogazici face database: Standardized photographs of Turkish faces with supporting

materials. PloS one, 13(2), e0192018.

Singh, D., Dixson, B. J., Jessop, T. S., Morgan, B., & Dixson, A. F. (2010). Cross-cultural
consensus for waist—hip ratio and women's attractiveness. Evolution and Human

Behavior, 31(3), 176-181.

Slice D. E. (2005) Modern Morphometrics. In: Slice, D. (ed.) Modern Morphometrics in

Physical Anthropology. Kluwer Academic/Plenum Publishers. New York, NY, USA.

Strang, G. (2019) Linear Algebra and Learning from Data. Wellesley-Cambridge Press,

Wellesley, MA, USA. 432 p.

Swami, V., & Furnham, A. (2007). Unattractive, promiscuous and heavy drinkers:

Perceptions of women with tattoos. Body Image, 4(4), 343-352.

Thornhill, R., & Gangestad, S. W. (1994). Human fluctuating asymmetry and sexual
behavior. Psychological Science, 5(5), 297-302.

21

237



O J o U bW

OO OO UTTUIUTUTUTUTUTUTUTOTE B DB DB DD DSDNWWWWWWWWWWNNNMNNNMNNNNNNR R PR PR RRP R R
O WNRPOWVWOJdANT D WNRPRPOW®O-TAUBRWNROWOWO®-JdNUD™WNRFROWOW-JOUDWNR OW®W--I0 U D WN R O W

Thornhill, R., & Gangestad, S. W., & Comer, R. (1995). Human female orgasm and mate

fluctuating asymmetry. Animal behaviour, 50(6), 1601-1615.

Thornhill R. & Grammer, K. (1999) The Body and Face of Woman: One Ornament that

Signals Quality? Evolution and Human Behavior 20, 105—120.

Tiebicky, V., Fialova, J., Kleisner, K., & Havlicek, J. (2016). Focal length affects depicted

shape and perception of facial images. PLoS One, 11(2), e0149313.

Wei, Q., Zhai, G., Hu, C., & Min, X. (2016). Visual attention analysis and prediction on
human faces with mole. In 2016 Visual Communications and Image Processing (VCIP)

(pp. 1-4). IEEE.

Weisstein, Eric W. "Gamma Function." From MathWorld—A Wolfram Web Resource.

https://mathworld.wolfram.com/GammaFunction.html

Widman, D. R., Bennetti, M. K., & Anglemyer, R. (2019). Gaze patterns of sexually fluid

women and men at nude females and males. Evolutionary Behavioral Sciences 122, 115-119.

Zhou, Y., & Yu, Y. (2021). Human visual search follows a suboptimal Bayesian strategy
revealed by a spatiotemporal computational model and experiment. Communications Biology,

4(1), 1-16.

22

238


https://mathworld.wolfram.com/about/author.html
https://mathworld.wolfram.com/
https://mathworld.wolfram.com/GammaFunction.html

O J o U bW

OO OO UTTUIUTUTUTUTUTUTUTOTE B DB DB DD DSDNWWWWWWWWWWNNNMNNNMNNNNNNR R PR PR RRP R R
O WNRPOWVWOJdANT D WNRPRPOW®O-TAUBRWNROWOWO®-JdNUD™WNRFROWOW-JOUDWNR OW®W--I0 U D WN R O W

Table 1 The modes and level HDIg50, uncertainties of the likelihood function of the
(Bayesian) probability s of right asymmetry distribution of the ten highest strength AGAST
key points, nude by nude.

Nude # SML s1to s2
1* 0.200 0.0406-0.484
2* 0.800 0.516-0.960
3 0.500 0.212-0.788
4 0.500 0.234-0.766
5 0.400 0.159-0.682
6* 0.800 0.516-0.960
7 0.667 0.367-0.893
8* 0.100 0.00630-0.368
9 0.700 0.412-0.907
10 0.700 0.412-0.907
11 0.600 0.318-0.841
12 0.400 0.159-0.682
13 0.600 0.318-0.841
14 0.556 0.268-0.818
15 0.667 0.367-0.893

The medial key points are excluded in the tallying. The significance level (HDlgs,) for the

uncertainties in the maximum likelihood is 95%. For four nudes marked with an asterisk (#1,

#2, #6, and #8) the mode does not overlap s = %; the distribution of their 10 strongest AGAST

key points is therefore significantly asymmetric.
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Figure 1. The 10 strongest AGAST key points of Nude #1, superimposed on her (darkened)

image.

These AGAST key points are all on the outline: eight on the left outline and only two on the
right outline; the AGAST key points distribution is asymmetric. No AGAST key points had
been detected in the region(s) of the face that was made invisible to ensure anonymity of the

model — the facial feature deletion was performed after the visual analysis.
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Figure 2. The image processing steps that detect the saliency patches in the images of the

nudes.

The sequence shown here is for Nude #12. Left: The contour plot of saliency density of the
image. Middle: The saliency on an image-adjusted 16-bit grayscale. Right: The overlay of the
L = 0.975L,,., patch with the (grayscale) image. The contour plot shows asymmetry — as
does the saliency map. For this nude, the right eye has a significant saliency, while the left eye
does not. Two patches are along the ‘symmetry’ midline: (i) the navel patch and (ii) the outer

labia patch (both details are shown in Figure 7).
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Figure 3. The contour plot of the likelihood function for the distribution of the 10 strongest

AGAST key points per nude.

-2F -2

43

-2 -1

Locations (derived by using an auto-encoder to reduce the dimensions to 2D) of the nudes are

labelled in white on a black disc. Black contours are lines of constant likelihood, obtained by

using a kernel density estimation (KDE). There exist three clusters of nudes (#3, #4, #7; #1,

#5, #10, #12, #14; #6, #9, #11, #15), based on their 10 strongest AGAST key points, and one

isolate (Nude #13). The clusters differ in extent and likelihood. Nudes #8 and #2 can be

associated with clusters, but with a low likelihood. Five nudes are in the largest cluster.
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Figure 4. The likelihood function of the (Bayesian) probability s for observing asymmetry in

any of the 15 nudes in this data set.

pdf

b o2 * 0.4 0.6 0.8 10 °
smr = 0.267

51 = 0.0991 53 = 0.500

The HDIose, uncertainty interval (Kruschke, 2015) [29] just ‘touches’ the randomness
probability s = %, so the observation of asymmetry of AGAST key points for some nudes

(four in our data set; Table 1) is significant; the likelihood function with these parameters also

infers that the sample size is large enough to find a significant (Bayesian) effect.
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Figure 5. The frequencies of saliency patches in the specified regions of the nudes, dependent

on nude identification number and nude image region.

We use the patches in the category regions shown as dark gray prisms for the correspondence
analysis (left/right torso, left/right head, and left/right arms). The regions (prisms in light
gray) left leg and right leg (including feet) contribute primarily to noise in the correspondence

analysis (not shown).
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Figure 6. Associations of asymmetric saliency patches for the 15 nudes obtained via

correspondence analysis.

The convex hulls show which nudes have the strongest association with the specified body
part asymmetries. For example, Nudes #2 and #12 most strongly associate with an
asymmetrical head. Whenever only one body region associates strongly with only one nude,

then the convex hull degenerates into a line. We observe that the asymmetry of saliency
patches of the left arm asymmetry associates with the largest fraction of nudes (namely, ~ g).

The saliency patches of the left torso associate with none of the nudes.
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Figure 7. Details of the saliency patches of a few selected nudes.

Nude #1 Nude #3 Nude #6 Nude #12 Nude #12

b

These images show the effects of (1) using tattoos (Nude #1 and #6); (2) navel piercings
(Nude #1, #3, and #12); (3) clitoral piercing (Nude #3); (4) a marked contrast between areola
and surrounding mammary skin (Nude #12); (5) the contrast between the outer labia and the
smooth, depilated, light-skinned mons pubis (Nude #12). Nude #3 has a dark-skinned pubic
region, so the jewel on the piercing between the outer labia (most likely a clitoral hood
piercing) does indeed trigger a saliency patch, and, by inference, an involuntary saccadic eye
movement response by the viewer. The nude images have been darkened and schematized
(post-analysis) using image processing software, so the saliency patches appear starkly as
white patches; the (human) visual system does not need to rely on such software

enhancement.
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ABSTRACT

We use Al techniques to statistically rigorously analyze combinations of query
responses of two personality-related questionnaires. One questionnaire probes
aspects of a participant’s character (SOI) and the other avoidance of aversive
outcomes together with approaches to goal orientated outcomes (BIS/BAS). We use
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one-hot encoding, dimension reduction with a neural network (a seven-layer auto-
encoder) and two clustering algorithms to detect associations between the twelve
combinations of SOI and BIS/BAS groups. We discover that for most combinations
more than one association exists. Traditional, fallacious statistical methods cannot
find these outcomes.

Keywords: One-hot Encoding, Autoencoder, Neural Networks, DBSCAN
Clustering, Spectral Clustering, BIS/BAS, SOI, Heat Maps

INTRODUCTION

In the fields of psychology, sociology and medicine it is common to use
questionnaires to evaluate manifestations of certain traits or states. To do so,
researchers habitually rely on aggregations of multiple Likert-type questions to
compute an index. Because all responses are categorical/ordinal variables, it is
fallacious to convert these to cardinal (computable) integers in a trivial linear
mapping. We are thus challenged to analyze the responses in a statistically rigorous
manner.

We use two questionnaires:

(a) “Revised Socio-Sexual Orientation (Index)” (SOI-R; Penke, & Asendorpf,
2008). This questionnaire probes aspects of each participant’s tendencies for
uncommitted sexual behavior. It has three groups of queries, ‘Attitude’,
‘Behavior’, and ‘Desire’. There are five options for each query (Table 1). (In this
paper, we use the shortened label SOI for SOI-R.)

(b) “Behavioral Inhibition and Behavioral Activation Scale” (BIS/BAS; Carver
& White, 1994). There are four groups of questions, one probing motivation to
avoid aversive outcomes (‘Inhibition’) and three probing the approach to goal-
oriented outcomes (‘Fun’ Seeking, ‘Reward’ Responsiveness, and ‘Drive’). Not
all groups have the same number of queries. There are four options for each query
(Table 1).

Since a linear trivial mapping is not valid, we can neither compute indices nor
correlations. Even though these assumptions are violated, correlations are often
accepted by reviewers and editors, despite warnings (Hoekstra et al., 2012). We
present one modern, rigorous statistical method in the context of our field — sexuality
research — that reveals the associations between inhibition, activation and tendency
for uncommitted sexual activity.

MATERIALS AND METHODS

891 participants aged 18—50 responded to all queries in the survey. First: for each
query, we convert each response to a vector via one-hot encoding (Murphy, 2012).
The vectors of the many responses are then concatenated to form a feature vector.
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Each respondent, therefore, has an associated feature vector of length determined by
the total number of options for all the queries in the group combination.

The feature vectors have a (very) high dimension (namely, between 31 and 43,
depending on the number of queries in the questionnaire section), so a conventional
analysis using SEM or some other model will be invalid because of the ‘curse of
dimensionality’. Components for each participant’s feature vectors are not linearly
independent, and the feature vectors of all participants have (nonlinear)
interdependencies among one another as well. It is these two interdependencies we
are interested in.

Table 1: Listing of the response options for each BIS/BAS category and

each SOI category.
Probe Ordme}l Response
Categories
Behavior Attitude Desire
Zero Strongly disagree | Never
B One Disagree Very seldom
SOI c Two to three Neutral About once a
month
D Four to seven | Agree About once a day
E Eight or more | Strongly agree Nearly every day
A Very false for me
BIS/BAS B Somewhat false for me
c Somewhat true for me
D Very true for me

We generate dimension-reduced feature vectors by applying a neural network
(specifically: an autoencoder (Goodfellow, 2016) with seven layers), to each
combination of SOI and BIS/BAS groups. For every SOI and BIS/BAS combination:
(a) We search for clusters in the dimension-reduced feature vector space, using the
unsupervised Spectral (Ng et al., 2002) and DBSCAN (Ester et al., 1996) clustering
algorithms. We thus have 4 cluster spectra for each combination (each clustering
algorithm is applied in 2D and 3D). (b) We determine meaningful associations by
choosing membership probabilities above 20% in the clusters of each combination.
(c) We “backtrack” for positions of cluster membership to feature vector positions.
(d) We construct heat maps of membership percentages in the chosen clusters.
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RESULTS

We discover that, for most SOI with BIS/BAS combinations, more than one cluster
(and thus more than one association) was detected (Table 2). For each association
between a BIS/BAS and SOI combination, cluster membership varies between 41.2%

and 100%. Most associations contain 80% to 90% membership (Fig. 1).

Table 2: The heat maps for each association cluster of BIS/BAS responses with SOI

responses. Cluster number, probability of the cluster membership, clustering algorithm,

and reduced feature vector dimension are listed. Percentage scaling is shown; the colors

of the squares in the heat maps are the percentages of the responses for each query

separately. The numbers within the squares are the frequencies of members.
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We determine the probability of cluster membership by calculating the fractions
of member numbers in a cluster relative to the total number of survey participants
(891). Because the sample size is large, using the Laplace paradigm for these
probability calculations is justified.

Only one combination has only one cluster; it is also the only cluster that was
detected using the (unsupervised) DBSCAN clustering algorithm (Ester et al., 1996).
All other associations were found with the (unsupervised) Spectral clustering
algorithm (Ng et al., 2002). Not all clusters were in three-dimensional reduced feature
vector space (Table 2).

BIS/BAS: Drive A SOI: Behavior
BIS/BAS: Drive A SOI: Aftitude
BIS/BAS: Drive A SOI: Desire
BIS/BAS: Fun A SOI: Behavior
BIS/BAS: Fun a SOI: Attitude
BIS/BAS: Fun A SOI: Desire
BIS/BAS: Reward A SOI: Behavior
BIS/BAS: Reward A SOI: Attitude
BIS/BAS: Reward A SOI: Desire
BIS/BAS: Inhibition A SOI: Behavior
BIS/BAS: Inhibition A SOI: Attitude
BIS/BAS: Inhibition A SOI: Desire

0 10 20 30 40 50 60
Fraction not clustered (%)

Figure 1. The fractions of membership that are not clustered. For one association,
all members are in one cluster only (‘Reward’ vs. ‘Behavior’, Table 2). For one
association (‘Reward’ vs. ‘Desire’, Table 2), no members are not clustered. For the
combination ‘Drive’ vs. ‘Attitude’, membership in any cluster is least.

For some BIS/BAS with SOI combinations, associations occurred with high
probability (Table 2). This implies that, for some combinations of BIS/BAS and SOI,
associations were very pronounced. Because only one association was limited to only
one cluster, we point out that for all the other 11 combinations, more than one
association occurred.

Because of space limitations in this paper, we highlight cluster comparisons for
only three BIS/BAS and SOI combinations. We specifically avoid psychological
interpretations and implications of the highlighting, and focus on comparisons of how
responses are skewed in one or both clusters, as discovered by Al.

In the ‘Inhibition’ vs. ‘Behavior’ combination, Cluster 1 has predominantly ‘C’
responses (with a mild contribution of ‘B’) for ‘Inhibition’, while Cluster 2 has
predominantly ‘D’ responses for ‘Inhibition’ (especially for query ‘Q5’). In both
clusters, the distribution of responses for ‘Behavior’ is close to equal. We conclude
that the responses to ‘Inhibition’ queries drive the segmentation of the clusters.

In ‘Fun’ vs. ‘Attitude’, the responses to ‘Fun’ queries in both clusters are close to
equal, while the responses to ‘Attitude’ are not. In Cluster 1, responses to SOI queries
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are skewed towards ‘A’ and ‘B’; in Cluster 2, responses for all three SOI queries are
almost exclusively ‘E’. We conclude that the responses to Attitude’ queries drive the
segmentation of the clusters.

In ‘Reward’ vs. ‘Attitude’, the responses to ‘Attitude’ queries in both clusters are
both skewed to responses ‘C’ and ‘D’, but in Cluster 2 more strongly. The responses
to ‘Attitude’ are oppositely skewed: in Cluster 1, towards responses ‘A’, while in
Cluster 2 strongly towards ‘D’ and ‘E’. In this BIS/BAS and SOI combination,
segmentation between the two clusters is due to a different skewing in both ‘Reward’
and ‘Attitude’.

DISCUSSION

There exist major problems when attempting to make sense of the data obtained from
questionnaires that are so often used in sociological, psychological, and medical
fields; using correlational analysis is the ‘culprit’. Many experience-oriented sciences
are “cursed” (let’s introduce the idiom curse of psychology) by the researchers trying
to grasp the experiences perceived in others and convert those into queries that (by
introducing a further mistake) describe members of a population on a linear scale after
creating an index (to aggravate the problem even further, although this mistake had
been pointed out 62 years ago; Blalock, 1960). 10 years ago, it was pointed out to
psychologists that violating assumptions lead to false conclusions (Hoekstra, 2012).
Our approach using Al remedies this.

We avoid the “curse of dimensionality” that occurs when including a large number
of queries in questionnaires but not dimension-reducing the response vectors. If not,
modeling noise is the result. Higher-dimensional spaces have properties that are
counterintuitive and do not allow for easy understanding of the questionnaire
outcome. Remarkably, dimension reduction not only prevents modeling noise, but
has the fortunate extra feature of offering easier interpretation(s).

Furthermore, by using one-hot encoding, we have avoided the listed mistakes. We
reiterate: one-hot encoding (a) does not fallaciously assign cardinal numbers to
categorical variables via a linear mapping (Blalock, 1960); (b) ensures that the
response vectors for each single question/statement are mutually independent
(orthonormal); (c) introduces no a-priori metric; (d) allows for the detection of
interdependencies (including nonlinear ones) among the components of the feature
vectors; (e) allows for the detection of interdependencies among the feature vectors
from the different respondents.

Fallaciously calculating the correlation between any BIS/BAS and SOI
combination would yield only one value. It is impossible, therefore, to detect the
existence of clusters, which provide evidence that more than one association between
a BIS/BAS and SOI combination can exist. The heat maps of the clusters display the
characteristics of members of the clusters (such as high frequencies for certain
responses to some queries). By taking advantage of Al clustering algorithms, we are
able to characterize the fact that more than one association can exist (and does in 11
out of 12 cases; Table 2) within each BIS/BAS and SOI combination.
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CONCLUSIONS

By avoiding the fallacies of converting ordinal query responses to computable
integers and then using a linear mapping to calculate correlations between
combinations of BIS/BAS and SOI combinations, we discover that more than one
association can exist between these combinations. (Fallacious calculations cannot
discover this, because only one correlation exists for each combination.)

In addition, we discovered that association probabilities are usually high, and,
furthermore, that only one combination (‘Reward’ vs. ‘Behavior’) has one and only
one association, albeit with a high probability.

Detection of more than one association for each combination radically changes the
insights regarding personality types that relate character and motivation to each
participant’s sexuality.
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Pavlovian-to-instrumental transfer and online sexual behaviour

Abstract

Reward based learning is broadly acknowledged to underpin the development and
maintenance of addictive behaviour although the mechanism in sexual compulsivity is less
understood. Using a Pavlovian-to-Instrumental Transfer (PIT) task we tested whether the
motivational aspect of conditioned Pavlovian conditioned stimulus invigorated instrumental
responding in relation to specific compatible monetary rewards. Performance on the task
was analysed between two groups of males based on Low (N = 38) and High (N = 41) self-
report online sexual behaviour (OSB). Psychometric tests including sexual compulsivity
scale and behavioural activation/behavioural inhibition (BIS/BAS) were also administered to
determine the relationship between OSB and general reward sensitivity. We show clear
evidence of acquisition in the Pavlovian and instrumental conditioning phases. Specific
transfer effect was greater in the High-OSB group although the difference compared to the
Low-OSB group was non-significant. OSB negatively correlated with both BIS and BAS
indicative of introversion and low reward sensitivity. OSB positively correlated with sexual
compulsivity although it is unclear whether individuals in the High-OSB group considered
their behaviour either excessive or problematic. These findings contribute to the ongoing
debate regarding the nature of problematic OSB. Fundamental differences in motivational
characteristics and mechanism contributing to compulsive behaviour in relation to high-OSB
might indicate incompatibility with behavioural addiction models. PIT was not enhanced in
high-OSB by appetitive conditioning, although problematic OSB could stem from failure to
inhibit actions. Further research should investigate whether aversive conditioning
differentially affects responding in high-OSB individuals, potentially explaining perseverant

behaviour despite negative consequences.
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Pavlovian-to-instrumental transfer and online sexual behaviour

Introduction

There is currently a vociferous debate about the nature of compulsive sexual behaviour as it
relates to “problematic” internet pornography use. Despite positive effects associated with
online sexual behaviour (OSB) and the viewing of visual sexual stimuli [1,2] excessive use
can become problematic and detrimentally affect an individual’s personal life and
relationships [3-5]. Excessive pornography use is currently classified under the definition of
compulsive sexual behaviour disorder (CSBD) in the International Classification of Diseases
(ICD-11) [6]. The reinforcing nature of sexual stimuli is often cited as a motivational factor
driving such behaviour (see [7]). However, the mechanism underlying perseverant
problematic OSB is equivocal. The primary aim of the present study was to test whether men
who scored highly for OSB (e.g., risky cybersex and risky internet pornography use)
translate reward predicting cues into goal-directed actions more readily than men who do not

score highly for risky OSB.

Evidence from neurobiological studies suggest augmented responses to visual sexual stimuli
in attentional and reward-related brain structures (e.g., nucleus accumbens, NAc; [8-11].
This is in line with similar activations observed for substance abuse [12,13], gambling [14],
and food related disorders [8,15], and suggests that some individuals are more sensitive to
reward-related cues as drivers of behaviour. These individuals may therefore form obsessive
and compulsive behaviours around those cues more readily than others. However,
alternative explanations suggest that compulsive masturbation develops with pornography
as means to stimulate sexual arousal [16]. If individuals struggle with this, or have guilt
associated with engaging in such behaviour [17], then the development of augmented
sensitization may be due to reward prediction errors or reward uncertainty [18,19]. This
would be especially potent if viewing internet pornography and masturbation was engaged
intermittently (e.g., on a partial reinforcement schedule) and/or if individuals were in a more

continuous refractory period following excessive masturbation to several ejaculations (a
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state that some self-identified internet pornography “addicts” call Porn-Induced Erectile

Dysfunction, or PIED) [20].

Men that have a greater frequency of pornography consumption per week are actually better
able to achieve erection to visual sexual stimuli in laboratory situations relative to men with a
lower frequency of pornography consumption [21]. However, men with frequent but
problematic pornography consumption who also have high sexual desire show a blunted
processing of visual sexual cues [22], suggesting some attempt at active inhibition. Itis also
possible that individuals that consume more pornography generally have attentional and
reward-related brain systems that are driven naturally toward highly valued incentives. It
follows that such individuals would display enhanced sign-tracking of high reward value

goals.

Pavlovian reward predictive cues can become imbued with motivational salience that
promotes the likelihood of repeated exposure [23]. In addition, positively reinforced
instrumental responding increases the likelihood of repeating an action. Pavlovian
Instrumental Transfer (PIT) allows these two paradigmatic elements to interact when the
motivational aspect of a Pavlovian conditioned stimulus is transferred, resulting in an
increase in the learned Instrumental behaviour in the presence of the cue (for a recent
review see [24]. PIT is a naturally adaptive process through which individuals learn to forage
for resources, for example, to sate natural impulses such as hunger and thirst. Bray et al.
[25] found increased specific PIT responding in a group of typical individuals using soft
drinks and concluded that transfer effects relating to reward predicting cues were not the
sole preserve of problematic behaviour. Lehner et al. [26] showed that food, money, and
social rewards facilitate increased instrumental responding; postulating that the strength of
PIT is modulated by subjective value rather than type of associative reward. Nevertheless,
PIT has proven effective describing the maladaptive process that can facilitate the
development and maintenance of substance addiction [27]. Drug related cues induce craving
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and invigorate instrumental responding [28-31]; an effect that is more pronounced in

dependent individuals [28,30].

The propensity for sexual imagery to bias behaviour has been leveraged for some time in
advertising. Male and female models are often employed to associate products with an
unconditioned arousal response. Sexually explicit material accounts for an enormous
proportion of internet traffic [4,32]. With the advent of targeted advertisements and pop ups,
individuals are regularly exposed to unsolicited sexual content; moreover, interacting with
such content can result in algorithmic changes that provide the user with further content.
However, not all individuals succumb to temptation [33] and only a small proportion may
develop a compulsive habit of viewing sexual stimuli as a means of generating sexual

arousal for masturbation [3,34].

Individual differences in reward sensitivity may occur by the interaction of two motivational
systems [35], behavioural activation and behavioural inhibition. These dual control systems
for any motivated behaviour provide it with a beginning, middle, and end, and for sexual
behaviour that can be seen in the models of Moll [36], Masters and Johnson [37], Bancroft
and Janssen [38], and Toates [39]. The behavioural activation system (BAS) regulates
appetitive rewards and the motives to instigate approach behaviour. BAS comprises three
discrete dimensions: drive (reward-focused in pursuit of goals) fun-seeking (engages in
spontaneous, novel, and potentially rewarding sensations), and reward-responsiveness
(anticipates and responds positively to rewarding outcomes). The behavioural inhibition
system (BIS) influences the end of responding along with a shifting of attention to other
rewards, non-rewards, or aversive cues, and accordingly abrogates behaviour. Individual
differences in dimensions of BAS sensitivity, in particular, have been associated with
addictive behaviour [40,41]. Moreover, general reward responsiveness has been found to
correlate positively with responses to sexually explicit visual stimuli [42]. As such, a positive
correlation between BAS dimensions and OSB scores was expected.
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The present study aimed to elucidate if a general mechanism of reward sensitivity might
exist to reinforce OSB. Accordingly, we investigated the relationship between OSB and
behavioural activation/inhibition. Furthermore, differences in performance on a PIT task were
determined based on self-report measure of OSB use that allowed us to divide participants
into low and high use groups. We chose not to not to use sexually explicit stimuli to test the
general effect and to limit sexually explicit stimuli exposure to participants. Indeed, the
effects of sexual conditioning also tend to be weak in adults [43] possibly owing to already
formed preferences and their heterogeneity [44]. However, individuals that exhibit
heightened reactivity to drug related cues also showed greater reward responsiveness to
non-drug related reinforcement [45,46]. As such, a difference in general reward mechanism
was expected. Specifically, we anticipated that individuals with higher OSB scores would

transfer more strongly than those with lower OSB scores.

Method

Ethics statement

Ethical approval for the study was granted by the National Institute of Mental Health
Research Ethics Committee (No: 53/16). All individuals provided informed written consent to

participate.

Design

In the PIT task, prior to the transfer phase, baseline Pavlovian conditioning was established
in phase 1, measured as post-conditioning increases in pleasantness ratings (-5 to +5) for
conditioned Pavlovian stimuli, and baseline instrumental conditioning was established in
phase 2, measured as the percentage (%) of trials where rewarding outcomes were selected
over the neutral outcome. Each used a within-groups experimental design to establish post-

6

262



151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

Pavlovian-to-instrumental transfer and online sexual behaviour

conditioning learning. A two-sample between-groups experimental design was used to
compare the magnitude of the transfer effect, measured as percentage (%) responses in the
transfer phase (phase 3) of the PIT task, in low- and high- (problematic) online sexual
behaviour (OSB) groups. In addition, three behavioural control groups were included in
phase 3 of the PIT; Pavlovian reward, Pavlovian neutral and neutral choice controls, which

were likewise measured as percentage (%) responses.

Low- and high-OSB groups were determined psychometrically, using the Internet Sex
Screening Test online sexual behaviours subscale (ISST-OSB) [47], and exploratory
between-groups comparisons were made of scores on the Sexual Compulsivity Scale (SCS)
[48] and the Behavioural Inhibition System and Behavioural Activation System (BIS/BAS)
[35] scales (see Table 7). In addition, the scores from the ISST-OSB, along with the
aforementioned psychometric measures were used to perform exploratory correlational

analyses.

Participants

Czech participants (N = 89) were recruited through Czech language advertisements placed
on social media pages associated with the Sexology and Psychopathology Research Group
at the National Institute of Mental Health (NIMH, Klecany, Czech Republic) and the Human
Ethology Department at Charles University in Prague (Czech Republic). Prior to the study,
participants were screened for drug and alcohol misuse with the Drug Abuse Screening Test
(DAST-10) [49] and short version of the Michigan Alcohol Screen Test (SMAST) [50] since
co-morbid substance use can confound conditioning effects [51]. Data from eight individuals
were excluded for exceeding drug and alcohol cut-off scores. Data from two further
participants were excluded owing to incomplete questionnaires. Remaining participants
comprised 79 males that were separated into low (N = 41) and high (N = 38) OSB — see

Table 1.
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Table 1. Participant characteristics and descriptive statistics for psychometric measures in

low- and high-OSB experimental group

Age

DAST-10

sMAST

ISST-OSB

SCS

BIS

BAS Drive

BAS Fun

BAS Reward

Low-OSB High-OSB

M SD M SD
254 4.9 25.58 4.7
1.63 1.35 1.82 1.43
.85 .63 1.0 1.04
5.88 1.78 11.82* 2.8
14.98 4.04 18.82* 5.54
16.9 1.95 15.82* 2.08
8.85 1.71 8.23 1.32
9.61 1.96 8.53* 1.9
12.39 2.06 10.97* 1.81

Low-OSB (lower risk for problematic online sexual behaviours); High-OSB (higher risk for

problematic online sexual behaviours); DAST-10 (Drug Abuse Screening Test, 10-item form);

sMAST (Michigan Alcohol Screening Test, short form); ISST-OSB (Internet Sex Screening Test-

Online Sexual Behaviours subscale); SCS (Sexual Compulsivity Scale); BIS (Behavioural Inhibition

System); BAS (Behavioural Activation System). Asterisks indicate significant differences between

low- and high-OSB groups at p < 0.05.

Psychometric measures

A professional academic and scientific translation agency was employed to undertake the

translation of psychometric scales into Czech language. This process also included

backwards translation of the Czech version into English to ensure scale items had not lost or

altered meanings during this process. At each stage, academics from the Sex Research
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Group at NIMH (CZ) with the first language of Czech or English discussed and approved the

final translations as accurate versions of the English language originals.

Drug Abuse Screening Test (DAST-10): The DAST-10 [49] was used to measure
problematic drug use/dependency. This unitary 10-item scale measures yes/no responses;
scores of four or more indicate a ‘moderate’ level problematic drug use/dependence. The

DAST demonstrates good reliability and validity [52].

Michigan Alcohol Screen Test, short form (sMAST): The sMAST [50] was used to measure
problematic alcohol use/dependency. A 13-item unitary scale is used to measure yes/no
responses which vary from zero to 13; scores of three or more indicate problematic alcohol

use/dependence. The sMAST demonstrates good reliability and validity [50].

Internet Sex Screening Test - Online Sexual Behaviours (ISST-OSB): ISST-OSB [47] is a
34-item true/false scale comprising two subscales. The first, ISST-OSB, which measures
variation in online sexual behaviours (OSB), primarily risky cybersex and use of online
sexual content (25 items, total scores vary from zero to 25, with scores >9 indicative of
problems such as excessive use of/spending on pornography or online sexual services,
often in isolation, with negative consequences for relationships, finances, employment etc.
[47]. The cut-off of 9 was used to determine experimental groups (low- versus high OSB) for
the analysis of the PIT data (Table 1). ISST-OSB captures dimensions including time spent
in isolation consuming sexual materials online, degree of interest in sexual materials and
activities online, money spent in the pursuit of such materials and activities, as well as
participation or online consumption with other parties. The ISST has been widely used with
clinical samples, however limited information about its reliability and validity has been
published. The second subscale, the Abbreviated Sexual Addiction Screening Test (ASAST:
nine items, scores vary from zero to nine) measures general sexual addiction and
compulsivity [47]. The scale was administered in full, however only responses to the 25-item

9
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ISST subscale were included in analyses, since sexual compulsivity was measured using

the more widely used measure, the SCS [48].

Sexual Compulsivity Scale (SCS): SCS [48] includes a series of 10 statements concerning
sexual thoughts and feelings of control. Responses (level of agreement from 1 - not at all like
me to 4 - very much like me) are summed providing possible overall scores between 10 and
40. The SCS was administered to facilitate differentiation between effects of compulsivity

and conditioning on choice behaviour in the PIT task.

Behavioural Inhibition System and Behavioural Activation System (BIS/BAS): BIS/BAS [35]
measures competing approach/avoidance tendencies resulting from underlying motivational
systems that are geared to activate or inhibit behaviours to obtain appetitive outcomes and
avoid aversive consequences or harm. The scale includes 24 statements, with responses
indicated agreement from 1 — very true for me, to 4 — very false for me. Scores are
calculated separately for the BIS subscale and three BAS dimensions; BAS Drive, BAS Fun-
seeking and BAS Reward-responsiveness, which concern the motivation to pursue goals,

seek novel or spontaneous sensations, and savour positive experiences, respectively.

Behaviour: Pavlovian-to-Instrumental Transfer Task (PIT)

The behavioural task was adapted from a PIT variant used in humans by Bray et al. [25].
The task was administered using E-prime 2.0 (Psychology Software Tools, Pittsburgh, PA)
experimental presentation software. Participants were initially instructed to pay attention to
the relationship between cue-outcome and action-outcome associations throughout the
entire experiment. The PIT task variant that was implemented comprised three phases:
phase 1 — Pavlovian conditioning; phase 2 — instrumental conditioning; and phase 3 —

Pavlovian-to-instrumental transfer (the transfer phase). Fig 1 shows a visual representation
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266



Pavlovian-to-instrumental transfer and online sexual behaviour

247  of the three phases and Table 2 provides specifics on the reinforcement schedule and
248  outcomes.

249

250 <<Fig 1.tif>>

251  Fig 1. The Pavlovian-to-instrumental transfer (PIT) task.

252 Exemplar stimulus slides for each of the three experimental phases are shown (A) phase 1, Pavlovian
253 conditioning; (B) phase 2, instrumental conditioning; and (C) phase 3, Pavlovian-to-instrumental

254 transfer. Within each experimental phase, time (ms) is represented from top-to-bottom, with timings
255 for stimulus slide presentation shown on the left. The struck banknote in the transfer phase denotes

256  that no monetary or neutral outcome was delivered in this phase.
257
258 Phase 1- Pavlovian conditioning: Four unique Pavlovian stimuli were created using varying
259  configurations of a red rectangle, triangle and circle. To control for baseline preferences for
260 the Pavlovian stimuli, these configurations were designed to contain identically sized and
261  coloured components, and to be meaningless; however, in pilot testing, we found that
262  participants found it difficult to learn the associations. The same identical shapes were
263  reconfigured so that their aggregates could be verbalised by participants as something
264  meaningful e.g., ‘church with sun’, which improved performance in this phase.
265
266 During Pavlovian conditioning, stimuli were presented in the centre of the screen for 1750
267  ms before an outcome screen for 3000 ms (Fig 1A). Each stimulus was paired with a
268  monetary reward of different denominations (100, 500, and 1000 Kc banknotes) of currency
269  or with a well-known brand of toy money at its lowest denomination as the neutral outcome
270  (Table 2). Pavlovian stimuli were followed by monetary reward at a 3:2 (reward/no-reward)
271  ratio. Each trial was separated with a blank ‘wait’ screen (which varied randomly between
272 1000 and 3000 ms). Each stimulus was presented 6 times in a randomised order, yielding a
273  total of 24 trials.
274
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Table 2. Trial composition during conditioning and transfer phases of the Pavlovian-to

instrumental transfer task.

Cues
Phase Trials Pavlovian Instrumental Outcome
1 24 S1 - - 100 Kc
S2 - - 200 Kc
S3 - - 500 Kc
S4 - - Neutral
2 36 - R1 R2 100 Kc 200 Kc
- R1 R3 100 Ke Neutral
- R1 R4 100 Kc Neutral
- R2 R3 200 Kc Neutral
- R2 R4 200 Kc Neutral
- R3 R4 Neutral Neutral
3 60 S1 R1 R2 - -
S2 R1 R2 - -
S3 R1 R2 - -
S4 R1 R2 - -
S4 R3 R4 - -

Phase 1 (24 trials) was Pavlovian conditioning, phase 2 (36 trials) was instrumental conditioning, and
phase 3 (60 trials) was the transfer test phase. There were four Pavlovian stimuli, and there were four

possible instrumental responses (button options). Outcomes during phases 1 and 2 were images of

100, 500 or 1000 kc banknotes, or a toy banknote as the neutral outcome. No outcome was

presented in phase 3.S1 (Pavlovian stimulus 1); S2 (Pavlovian stimulus 2); S3 (Pavlovian stimulus 3);

S4 (Pavlovian stimulus 4); R1 (response button option 1); R2 (response button option 2); R3

(response button option 3); R4 (response button option 4).

To assess Pavlovian conditioning, cue evaluation involved participants rating the

pleasantness of Pavlovian cues both pre- and post-conditioning phase. Visual cues were
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presented on screen for 1750 ms followed by a visual scale from -5 (unpleasant) to 5+
(pleasant). The ARROW keys could be used to move up and down the scale whilst pressing
ENTER to confirm a highlighted number selected. Stimuli were presented in a randomised

order.

Phase 2- Instrumental conditioning: During Instrumental conditioning (Fig 1B), participants
were required to choose between two button options. A row of four blank squares appeared
in the lower third of the screen of the screen which corresponded to four adjacent keys on a
keyboard, in the same spatial arrangement. Each of the four responses was associated with
a specific outcome (Table 2). Unlike during Pavlovian conditioning, here only two responses
were associated with monetary values whilst two related to the same neutral outcome (toy
money). In each trial, two of the blank squares were replaced with coloured images denoting
the two responses available for selection. Instrumental cues were presented on screen for
1750 ms before an outcome screen for 3000 ms. Response-outcome pairings were partially
reinforced on a 2:3 ratio. Each trial was separated with a blank ‘wait’ screen (which varied
randomly between 1000 and 3000 ms). There were six configurations of response-outcome
pairings, which were each presented six times in a randomised order yielding a total 36

trials.

Phase 3-Pavlovian-to-instrumental transfer: Bray et al. [25] conducted an additional training
phase that comprised mixed Pavlovian and instrumental trials in order to consolidate
learning prior to the transfer phase. A pilot showed that mixing trials created confusion and
resulted in poor transfer performance. As a result, here instrumental conditioning was
followed immediately by the transfer phase. Participants were instructed to provide a
response during the simultaneous presentation of Pavlovian and instrumental cues. Unlike
earlier conditioning phases, no monetary or neutral outcomes occurred during transfer trials
constituting extinction (Table 2). Cues were presented on screen for 1750 ms before a blank
outcome screen for 3000 ms (Fig 1C). Each trial was separated with a blank ‘wait’ screen
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(which varied randomly between 1000 and 3000 ms). There were five conditions in the
transfer phase that were each presented 12 times in a randomised order over a total of 60

trials.

Outcome-specific transfer occurred when Pavlovian cues biased participants towards the
instrumental response corresponding with the common conditioned outcome(s). With
specific compatible transfer, Pavlovian cue S1 was only associated with the same outcome
as instrumental response R1; and Pavlovian cue S2 was only associated with the same
outcome as instrumental response R2. With specific incompatible transfer, participants
could also choose the incompatible reward response, for example, by selecting response R1
despite previously established associations with Pavlovian cue S2 or by selecting response

R2 despite previously established associations with Pavlovian cue S1.

In the Pavlovian reward control condition, participants chose between the two rewarding
instrumental response options (R1 and R2) whilst the Pavlovian cue S3 was associated with
an outcome seen during Pavlovian conditioning, but that was absent during the instrumental
conditioning phase; thus, neither response option was compatible. In the Pavlovian neutral
control, participants chose between the two rewarding instrumental response options (R1
and R2) whilst the Pavlovian cue S4 was associated with a neutral outcome (toy money).
Again, neither instrumental response was compatible. Finally, in the neutral choice control,
Pavlovian cue (S4) was associated with the same neutral outcome as both instrumental

response options (R3 and R4).

Data analyses

All analyses were conducted in PASW(SPSS)® ver. 22 (IBM). All statistical tests had the

alpha criterion of .05, two-tailed (unless otherwise stated).
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342 A mixed 4 x 2 x 2 ANOVA was used to evaluate the effectiveness of Pavlovian conditioning

343  in phase 1; incorporating repeated measures in pleasantness ratings for each of the four

344  cues pre- and post-conditioning and a test of difference between OSB groups. If the

345 Pavlovian cues had been associated successfully with ‘rewarding’ monetary outcomes, then

346  pleasantness ratings should be higher post-conditioning, and we expect a stepped pattern in

347 line with increasing monetary value.

348

349 A mixed 2 x 2 ANOVA was used to evaluate the effectiveness of instrumental conditioning in

350 phase 2; incorporating repeated measures (the pooled number of choices a reward

351 compatible or neutral outcome option was selected) and a test of difference in responses

352  between OSB groups. A significantly higher percentage of reward-compatible responses

353 compared with reward-incompatible responses was expected, indicating successful

354 instrumental conditioning.

355

356  The magnitude of transfer effects in the transfer phase (phase 3) was established as follows.

357  Outcome-specific responses in phase 3 were pooled, calculating a percentage of trials

358  where participants selected the two rewards compatible with their respective Pavlovian cues.

359  Furthermore, the percentage of outcome specific responses were also calculated for

360 selections of the two rewards incompatible with their respective Pavlovian cues. A2 x 2

361 mixed ANOVA was used to analyse the difference between outcome-specific responses in

362 low- and high-OSB groups. A higher percentage of compatible transfer-specific effects were

363  anticipated in the high-OSB group.

364

365 In phase 3 control conditions, both instrumental response options were incompatible with the

366 Pavlovian cue in reward control and neutral control conditions. Conversely, both instrumental

367 response options were compatible with the Pavlovian cue in neutral choice condition.

368  Behavioural data relating to the control conditions was not presented in Bray et al. [25] which

369  would allow informed predictions to be made. To speculate, participants might be expected
15
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to spread instrumental responses across the two available options in each control condition.

A 3 x 2 mixed ANOVA was used to analyse the difference between the proportionally highest

options selected across the three control conditions and between low- and high-OSB groups

Between-groups t-tests were used to compare low- and high-OSB groups across each of the
psychometric measures administered. Pearson’s correlations were used to explore

relationships between psychometric measures.

Results

Pavlovian-to-instrumental transfer (PIT) task

Pavlovian conditioning in phase 1; increases in ratings for cues post-conditioning provide
evidence of successful Pavlovian conditioning. A 4 x 2 x 2 ANOVA analysed the
pleasantness ratings of Pavlovian cues pre- and post-conditioning between high and low
OSB groups. There was a significant main within measures effects for cues (Greenhouse-
Geisser corrected; F(2.6,169.8) = 24.31, p <.001, n2 = .24) and time (F(1,77) =24.34, p <
.001, n2 = .24) and a significant cue x time interaction (Greenhouse-Geisser corrected;
F(2.8,212.7)=11.13, p < .001, n2 = .13). There was no significant between measures main
effect of OSB (Greenhouse-Geisser corrected; F(1,77) = 1.2, p = .28, n2 = .02) and no
significant interactions between OSB and either cues (Greenhouse-Geisser corrected,;
F(2.6,169.8) = 24.31, p = .55, n2 = .01) or time (F(1,77)= .03, p = .86, n2 < .01). Post-hoc
analyses show increased ratings (Fig 2A) for the cue paired with 100kc (pre: M = .23, SD =
1.86; post: M = .72, SD = 1.65; t (78) = -1.874, p = .03, n2 = .04, one-tailed) did not reach
significance with Bonferroni corrections; increased ratings for cues paired with 500 Kc (pre:
M= .18, SD = 1.81; post: M=1.15, SD = 2.17;t(78) =-3.77, p < .001, n2 < .15) and
1000kc (pre: M = .43, SD = 2.05; post: M=2.34, SD = 2.47;t(78)=-5.96, p <.001,n2 =

.31) monetary values were significant. There was no significant difference between pre- and
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post-conditioning ratings for the cue paired with the neutral outcome (pre: M =-.41, SD =

1.68; post: M =-.32, SD = 1.93; t (78) = -.403, p = .69, n2 < .01).

Instrumental conditioning in phase 2; the relative response selections provide evidence of
response-outcome acquisition. A 2 x 2 ANOVA analysed the proportionate responses
related to reward versus neutral outcomes between high and low OSB groups. There was a
significant main within measures effect of response selected (F(1,77) = 42.89, p <.001,n2 =
.36). There was no significant main between measures effect of OSB (F(1,77) = .01, p = .94,
n2 < .01) and no significant interaction between response selected and OSB (F(1,77) = .03,
p =.96, n2 <.01). Participants chose (Fig 2B) the response paired with a reward (M = .65,
SD = .19) significantly more often when the alternative associated with a neutral outcome (M

= .35, SD = .19).

Pavlovian to instrumental transfer in phase 3; the specific transfer conditions were
aggregated across two trial types and were thus analysed separately to the control
conditions. A higher percentage of compatible responses provide evidence of a specific
transfer effect. The difference in compatible and incompatible transfer responding between
high and low OSB groups was determined using a 2 x 2 ANOVA. There was a significant
main within measures effect of transfer type (F(1,77) = 27.85, p <.001, n2 = .27). Both the
high-OSB (M = .68, SD = .26) group and low-OSB group (M = .58, SD = .26) chose the
specific compatible responses (Fig 2C) more often than the specific incompatible responses
(low-OSB: M = .37, SD = .26; high-OSB: M = .29, SD =.26). However, no significant main
between measures effect was found for OSB group (F(1,77) = .48, p = .48, n2 =.01) and
there was no significant interaction between transfer type and OSB group (F(1,77) = 2.82, p

= 1,12 =.04).

A 3 x 2 ANOVA analysed the highest proportional response in each of the control conditions
between high and low OSB groups. There was no significant main within measures effect of
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condition (Greenhouse-Geisser corrected; F(1.94,149.24) = 2.85, p = .06, n2 = .04), no
significant main between measures effect of OSB group (F(1,77) = 1.16, p = .29, n2 = .02)
and no significant interaction (Greenhouse-Geisser corrected; F(1.94,149.24) = .16, p = .85,
n2 < .01). The highest proportional response (Fig 2C) in the reward control condition was R2
for both low- (M = .54, SD = .4) and high- OSB (M = .55, SD = .41) groups, whereas in the
neutral control condition, the highest proportional response was R1 for both low- (M = .53,
SD = .31) and high-OSB (M = .59, SD = .369) groups. Participants in both low- (M = .64, SD
=.28) and high-OSB (M = .69, SD = .27) groups exhibited a preference for selecting R3 over
R4 in the neutral choice control where both responses were associated with the same

action-outcome pairing.

<<<Fig 2.tif>>>

Fig 2. Results of the Pavlovian-to-instrumental transfer task.

(A) Phase 1, Pavlovian conditioning. Data shows mean pre- and post-conditioning pleasantness
ratings of Pavlovian cues paired with monetary or neutral rewards; (B) Phase 2, instrumental
conditioning. Data show mean percentage of trials where the rewarding outcome was selected over
the neutral outcome; (C) Phase 3, Transfer phase. Data show mean percentage of responses + 1 SE

in each transfer and control condition.

Pair-wise comparisons of psychometric measures

Between-groups t-tests were used to compare low- and high-OSB groups across each of the
psychometric measures administered (See Table 1.). There was a significant difference
between self-report online sexual behaviour between groups (t (61.85) =-11.159, p <.001).
The high online sexual behaviour group scored significantly higher on measures of sexual
compulsivity (t (67.33) = -3.497, p = .001) compared to the low online sexual behaviour
group. BAS fun (t (77) = 2.491, p = .015), BAS reward (t (77) = 3.237, p = .002), and BIS (¢

(77) = 2.4, p = .019) were all found to be significantly lower in the high online sexual
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behaviour group. There was no significant difference in BAS drive between groups (t (77) =

1.78, p = .079).

Correlations

Correlational analysis revealed a significant positive correlation between ISST-OSB and

SCS scores (Table 3). There were significant negative correlations between ISST-OSB with
BAS drive and with BAS reward responsiveness. Significant negative correlations were also
found between SCS and BAS fun-seeking and BAS reward responsiveness. ISST-OSB and
SCS each showed a significant negative correlation with BIS scores. There was no evidence

of a significant relationship between ISST-OSB and DAST-10 or sMAST scores.

Table 3. Pearson’s correlations between psychometric measures.

BAS BAS

SCS DAST-10 sMAST Drive BAS Fun Reward BIS
ISST-OSB .38** A .05 -.24* -2 =27 -.33"
SCS -.02 12 -1 =317 -.28" =27
DAST-10 2 -1 -.02 12 12
sMAST .01 15 .01 .18
BAS Drive 15 46”7 .09
BAS Fun 53" 517
BAS "
Reward -56

ISST-OSB (Internet Sex Screening Test-Online Sexual Behaviours subscale); SCS (Sexual
Compulsivity Scale); DAST-10 (Drug Abuse Screening Test, 10-item form); sMAST (Michigan
Alcohol Screening Test, short form); BIS (Behavioural Inhibition System); BAS (Behavioural

Activation System). Asterisks denote significance at p < .05  or p < .01"
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Discussion

The present study was designed to assess whether men who engage in frequent online
sexual behaviours differ in their susceptibility to cue-enhanced PIT relative to men who
engage in occasional or non-frequent online sexual behaviour. Men in the High-OSB group
scored significantly higher than men in the Low-OSB group in the online sexual behaviour
subscale of the ISST and in subjective sexual compulsivity. They also scored significantly
lower in behaviour inhibition and behaviour activation for fun and reward. Despite these
subjective differences, no significant differences were observed between groups in the PIT
task, indicating that men in the High-OSB group had no greater susceptibility to cue-induced
operant responding than men in the Low-OSB group. Indeed, men in both groups displayed
greater pleasantness ratings post-conditioning to cues associated with greater monetary
reward relative to neutral cues in Phase 1, and both groups responded significantly above
chance for the specific-compatible and neutral cues, and significantly below chance for the
specific-incompatible cues. This pattern of results indicates that men in the High-OSB group
were not more susceptible to cue-stimulated reward responding than men in the Low-OSB
group, providing further evidence that abnormal reward perception per se is not likely to be

the cause of higher frequency online sexual behaviours.

It is not known whether men in the High-OSB considered their online sexual behaviour to be
problematic. Indeed, viewing pornography online has become part of the normal sexual
repertoire [17] and is used predominantly to induce arousal for solitary masturbation and/or
sexual encounters with others (see [17]). However, both the use of pornography and sexual
compulsivity share comparable negative associations with BIS. High BIS sensitivity provokes
feelings of anxiety [53,54] leading to the abrogation of behaviour to avoid non-rewarding or
conflicting outcomes. Low BIS then could indicate low aversion to risky or harmful outcomes
[55]. There is some evidence of low BIS in relation to addictive behaviours [41], thus the

findings have proven inconsistent [56,57].
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Dimensions of BAS sensitivity have been more robustly associated with substance abuse
and problem drinking [40,41]. It is generally accepted that addiction is synonymous with a
strong reward focus, sensation seeking, and impulsive decision making. Interestingly, in the

present study both high OSB and sexual compulsivity associated with low BAS reward

responsiveness. Moreover, OSB was negatively related to BAS drive. Low BAS sensitivity is

associated with introversion [35,58] whereas low BAS drive and reward responsiveness are
typically predictors of depression [35,59]. Levels of self-esteem have previously been
highlighted as risk factors in the development of problematic internet use [60]. Taken
together, the self-report measure of reward sensitivity suggests that men with high online
sexual behaviours (and presumably high pornography consumption) may be characterised
differently, such that when this behaviour becomes problematic, it may be more associated

with social withdrawal in individuals that exhibit lower levels of reward sensitivity.

The data from training phases provide evidence of successful conditioning. The
pleasantness ratings of cues were generally low. However, ratings of Pavlovian associated
cues post-conditioning were proportionally higher with respect to the associated monetary
value. The differential ratings were similar to cues associated with soft drinks used in Bray
et al. [25] and congruent with research indicating the rewarding nature of monetary values
[61]. Furthermore, we showed proportional selection of reward associated Instrumental
responses. Similar to Bray et al. [25], participants chose the rewarding option more often
when the alternative response was associated with a neutral outcome.

Bray et al. [25] found no specific brain regions associated with response in the control
condition although behavioural results were not published with which we can draw
comparison. Our findings indicate no group differences in responses during the reward
control and neutral control conditions. However, it is notable that the highest proportional
responses in both groups were for the left and right options respectively. Although the
Pavlovian associated cues were incompatible, this could be viewed as an attempt to select
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the best match (neutral closest to 100kc than 500kc; 1000kc closest to 500kc than 100kc).
Interestingly, both groups were more likely to select the left response in the neutral choice

condition despite both options being equally predicted by the cue-outcome association.

Appetitive Pavlovian cues have previously been shown to influence Instrumental responding
[26]. Bray et al. [25] found that cue-outcome pairings modulated responding relative to
action-outcome pairings with specific compatible rewards. Although previous research has
shown heightened cue reactivity to stimuli associated with compulsive or addictive behaviour
(substance, [62]; non-substance, [63]); the present data do not support the idea that high
OSB individuals are similarly compulsive. Increased transfer effects related to OSB would
have suggested a general mechanism of reward sensitivity beyond sex related cues.
However, this is inconsistent with the finding that high frequency OSB was associated with

low BAS sensitivity.

Enhanced PIT effects have previously been shown in relation to individuals with alcohol use
disorder [28]. Functional activation of the NAcc predicted the strength of transfer effects and
proneness to relapse, highlighting the importance of reward-based learning in addiction [28].
However, PIT has also been demonstrated in a study that failed to show enhanced effects in
the high alcohol consumption group [29]. It was noted that participant scores on the alcohol
scale were limited in the mid-range and unlikely to have captured individuals exhibiting
dependency. Similarly, one possible explanation for lack of transfer effects between OSB
groups in our study could be the sample characteristics. While groups used in our study
differed in OSB and included individuals in the high OSB group at risk of problematic
behaviour, scores on the sexual compulsivity scale were not high; which might explain the

apparent lack of difference in transfer effects.

Another study of alcohol dependency found that individuals in the patient group were more
likely to suppress a positively reinforced action paired with a negatively valenced cue whilst
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choosing a negatively reinforced instrumental response when paired with a positively
valenced cue [30]. Moreover, PIT effects in this study correlated with measure of trait
impulsivity. Failure to suppress a behavioural response owing to the strength of contextual
associative cues highlights the dysfunctional choice process through which addicted
individuals persist despite negative consequences. While our study found no evidence of
transfer effects between OSB groups in relation to appetitive conditioning, further research

could investigate negatively valenced associative cues on choice behaviour using PIT. The

relationship between PIT and impulsiveness is posited to be driven by reward sensitivity [30].

Moreover, high BAS drive has been shown to impair appetitive conditioning while high BIS
was found to impair aversive (non-reward) conditioning in a conditioned inhibition task [64].
Given that BIS/BAS sensitivity negatively correlated with OSB, we might not expect

associative cues to impact response inhibition in the same way as alcohol dependency.

Impaired decision making and sensation seeking are believed to perpetuate addictive
behaviours [65,66] and have been suggested to play a role in compulsive internet
pornography use and sexual behaviour [67,68] although see [69]. Although sensitivity to
reward positively correlates with sexually explicit stimuli [42], there is some evidence that
problematic users exhibit faster neural habituation to sexual cues [22]. This is congruent with
our findings that indicate lower reward sensitivity in the high OSB group. However, an
alternative hypothesis is that the high online sexual behaviour group had a mix of individuals
with naturally high sexual functioning who may use online pornography for arousal during
more frequent episodes of masturbation, relative to the low OSB group, along with other
individuals who may do this more compulsively. This raises a challenge for clinicians
diagnosing CSBD. It is easy to conceive of high OSB as being indicative of impaired impulse
control and decision making, especially when it seems excessive to the individual and/or the

individual’s partner(s) based on cultural norms and relationship expectations.
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Frequent use of online pornography has been taken de-facto as evidence of so-called “sex
addiction” by some clinicians [70]. However, Kraus et al. [71] have cautioned against over-
pathologizing high levels of sexual interest and behaviour in individuals who do not exhibit
impaired control over their sexual behaviour and significant distress or impairment in
functioning. Clearly, the frequency of viewing pornography online, for example, with or
without masturbation, is not itself predicative of problematic sexual functioning. Further
research needs to clarify the relationship between reward sensitivity, interpersonal variables
(e.g., introversion, sexual self-esteem, perceived impulse control, positive versus negative
attitudes about masturbation, etc.), and online sexual behaviour that is truly compulsive and

problematic.
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