THE EFFECT OF INTRANASAL OXYTOCIN ON PUPIL DILATION DURING
TRUSTWORTHINESS EVALUATION AND FACIAL EXPRESSION
RECOGNITION TASKS

A THESIS SUBMITTED TO
THE GRADUATE SCHOOL OF INFORMATICS
OF
THE MIDDLE EAST TECHNICAL UNIVERSITY

BY
FATMA GULHAN SARACAYDIN

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE
OF
MASTER OF SCIENCE
IN
THE DEPARTMENT OF COGNITIVE SCIENCE

JUNE 2015






THE EFFECT OF INTRANASAL OXYTOCIN ON PUPIL DILATION
DURING TRUSTWORTHINESS EVALUATION AND FACIAL
EXPRESSION RECOGNITION TASKS

Submitted by FATMA GULHAN SARACAYDIN in partial fulfillment of the
requirements for the degree of Master of Science in the Department of Cognitive
Science, Middle East Technical University by,

Prof. Dr. Nazife Baykal
Director, Informatics Institute

Prof. Dr. Cem Bozsahin
Head of Department, Cognitive Science

Assist. Prof. Dr. Didem Gokgay
Supervisor, Medical Informatics, METU

Examining Committee Members

Assoc. Prof. Dr. Yesim Aydin Son
MIN, METU

Assist. Prof. Dr. Didem Gokgay
MIN, METU

Assist. Prof. Dr. Cengiz Acartiirk
COGS, METU

Assist. Prof. Dr. Murat Perit Cakar
COGS, METU

Prof. Dr. Remzi Erdem
PHARMACOLOGY, Bagkent University

Date: 12.06.2015






I hereby declare that all information in this document has been obtained and
presented in accordance with academic rules and ethical conduct. I also declare
that, as required by these rules and conduct, | have fully cited and referenced all

material and results that are not original to this work.

Name, Last name: Fatma Giilhan Saracaydin
Signature:




ABSTRACT

THE EFFECT OF INTRANASAL OXYTOCIN ON PUPIL DILATION DURING
TRUSTWORTHINESS EVALUATION AND FACIAL EXPRESSION
RECOGNITION TASKS

Saracaydin, Fatma Giilhan
M. Sc. Department of Cognitive Science
Supervisor: Assist. Prof. Dr. Didem Gokcay

June 2015, 115 pages

Our ability to recognize facial expressions and emotions can be modulated by both
external and internal factors. One of these internal factors is the neuropeptide
“oxytocin”. Many studies have highlighted the involvement of oxytocin in recognition
of facial expressions and approach-related trusting behaviors. In the current study, we
investigated the effects of oxytocin on recognition accuracy and trustworthiness
judgements using facial expressions. We used a subset of expressions and images from
the Karolinska Directed Emotional Faces (KDEF) as stimuli. We collected pupil
diameters with TOBII T120 eye tracker during the experiment to see the effects of
oxytocin on physiology. Possible sexual dimorphisms of oxytocin in humans were
also of interest to us. Hence we collected data from both male and female participants.
The results indicate that intranasal oxytocin resulted in an increase in trusting behavior.
In addition, the accuracy of emotion recognition in both male and female participants
increased after oxytocin administration. Furthermore, the effect of oxytocin in
physiology supported sexual dimorphism: overall, males receiving intranasal oxytocin
showed larger pupil diameter changes whereas the reverse situation was observed for
females. Independent from the application of intranasal oxytocin/placebo, participants
exhibited largest pupil diameters for untrustworthy faces, and smallest pupil diameters
for neutral faces. These results suggest that oxytocin has a gender specific crucial role
in trusting behavior and emotion recognition in humans. To the best of our knowledge,
this is the first study that investigates the relationship between subjective evaluation
of trustworthiness and task-evoked pupillary responses, as well as the effect of
intranasal oxytocin on trustworthiness evaluation. In addition, this is the first study
conducted on both males and females in facial expression recognition collecting pupil
diameter changes with oxytocin/placebo manipulation.

Keywords: trustworthiness, facial expression, oxytocin, gender differences, pupillary
response
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GUVENILIRLIGIN DEGERLENDIRILMESI VE YUZ iFADELERININ TANIMA
GOREVLERINDE INTRANAZAL OKSITOSININ GOZ BEBEGI ACILIMI
UZERINDEKI ETKISi

Saracaydin, Fatma Giilhan
Yiiksek Lisans, Biligsel Bilimler Boliimii
Tez Yoneticisi: Yrd. Dog. Dr. Didem Gokcay

Haziran 2015, 115 sayfa

Duygular1 ve yliz ifadelerini tamima yetenegimiz hem dis hem de i¢ faktorler
araciligiyla diizenlenir. Bu i¢ faktorlerden biri noropeptid “oksitosin”dir. Birgok
calisma yiiz ifadelerin taninmasinda ve yaklasima bagli giiven davranislarinda
oksitosinin rol aldigin1 gostermektedir. Bu c¢alismada, yliz ifadeleri kullanarak
oksitosinin tanima basarist ve giivenilirligin degerlendirilmesi tlizerindeki etkilerini
arastirdik. Calismada Karolinska Directed Emotional Faces (KDEF) veri tabanindan
secilen gorsel uyaranlar kullanilmistir. Oksitosinin fizyoloji iizerindeki etkilerini
gozlemlemek icin, deney sirasinda goz bebegi tepkilerini TOBII T120 goz izleme
cihazi ile kaydettik. Oksitosinin olasi cinsiyetler aras1 dimorfizme yonelik etkileri de
bir baska ilgi konusudur. Bundan dolay1, hem erkek hem de kadin katilimcilardan veri
topladik. Sonuglar intranazal oksitosinin giiven davranisinda artisa neden oldugunu
gostermektedir. Buna ek olarak, okstiosin uygulamasindan sonra hem erkek hem de
kadin katilmcilarin duygular1 tanima basarist artmistir. Ote yandan, oksitosinin
fizyoloji lizerindeki etkileri cinsiyetler arasi dimorfizmi desteklemektedir: Intranazal
oksitosin alan erkeklerde tetiklenmis goz bebegi agilimi1 gézlemlenirken tam tersi bir
durum kadm katilmcilarda gozlemlenmistir. Intranazal oksitosin ya da plasebo
uygulamasindan bagimsiz, katilimcilar en biiyiik goz bebegi agilimini giivenilir
olmayan vyiizlere karsi, en kiicik gbz bebegi agilimini ise notr yiizlere karsi
gostermistir. Bu sonuglar oksitosinin insanlarda giiven davranig1 ve duygu tanima
gorevlerinde cinsiyete 6zgli onemli bir role sahip oldugunu gostermektedir. Bilgimiz
dahilinde, bu ¢alisma, giivenilirligin 6znel degerlendirilmesi ile gorev-uyarimli géz
bebegi tepkisi iligkisini ve intranazal oksitosinin gilivenilirligin degerlendirilmesi
tizerindeki etkisini inceleyen ilk calismadir. Buna ek olarak, hem kadin hem de
erkeklerde yapilmis, yiiz ifadesi tamima gorevlerinde oksitosin/plasebo
manipiilasyonunun goéz bebegi ¢ap1 degisiklikleri lizerindeki etkisini inceleyen ilk
calismadir.

Anahtar kelimeler: glivenilirlik, yiiz ifadesi, oksitosin, cinsiyet farkliliklari, g6z bebegi
tepkisi
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CHAPTER 1

INTRODUCTION

Social cognitive neuroscience is an interdisciplinary field that emerged from the union
of the classic cognitive neuroscience and social psychology (Adolphs, 2003;
Lieberman, 2007). Classical cognitive neuroscience assumes that a description of a
prototypical brain is sufficient to gain an understanding of the behavior of all people.
However, most of the time, this approach ignores that people usually spend their entire
lives in the presence of other people.

By contrast, the social cognitive neuroscience perspective indicates that perception,
decision and response should always be considered depending on the social
environment, because brains do not exist in isolation (Cacioppo & Berntson, 2004).
Therefore, the research approach of social cognitive neuroscience tries to understand
the influence of social factors on the behavior, to describe the cognitive processes and
the underlying neural and hormonal mechanisms in their social embeddedness (Frith
& Singer, 2008). This research is often carried out on several levels: the observation
of behavior by using response time measurements and questionnaires in relation to the
neural activations or autonomic nervous system responses as measured by skin
conductance, heart rate variability, and pupillary responses.

In its early years, social cognitive neuroscience focused mainly on a description of the
neural basis of social perception such as biological movement and facial expressions
(Adolphs, Tranel, & Damasio, 1998; Ochsner & Lieberman, 2001). This refers to the
early stages of information processing, which is used in the course of an analysis of
the characteristics and intentions of other individuals. Emotional facial expressions are
nonverbal cues of emotions. These external signals inform us about the internal
emotional state of an individual which can be extended to intentions. Studies on the
expression of emotions by facial features are numerous.

Faces and facial expressions are special stimuli since they are not only markers of
personal identity and social status of the individual (for example age, gender or
ethnicity) but also they serve as a means of communication where words alone may
not be sufficient (Pantic & Rothkrantz, 2004; Ekman, 2003). Indeed, it has long been
accepted that the recognition and interpretation of facial information play a major role
in the regulation of our social behavior.

The success of any language communication involves properly infer the signals
produced by others not only in their verbal activity but also in nonverbal behaviors.
The face with more particularly with a specific emotional expression is obviously
essential to this understanding. According to Darwin (Darwin, Ekman, & Prodger,



1998), nonverbal communications have been conserved during evolution because they
are useful to the survival of the species (vital communication).

Our ability to recognize facial expressions and emotions can be modulated by both
external and internal factors. One of these internal factors is a neuropeptide called
“oxytocin”!. Oxytocin can be defined as a neurohormone because it is synthesized by
nerve cells, namely the magnocellular neurons in the supraoptic and paraventricular
nuclei of the hypothalamus. The terminations of these neurons join the walls of the
blood capillaries of the neurohypophysis allowing oxytocin to be released into the
bloodstream and acting as a hormone. Our interest in oxytocin is related to its ability
in regulation of social behavior and processing of emotional information.

For over two decades, many psychologists and psychiatrists were interested in
oxytocin, making it the hormone whose psychological effects are best known. The
most representative research in the area of oxytocin studies has highlighted the
involvement of oxytocin in the attachment process (Ditzen et al., 2009; De Dreu,
Greer, Van Kleef, Shalvi, & Handgraaf, 2011; Feldman, Weller, Zagoory-Sharon, &
Levine, 2007; Gordon, Zagoory-Sharon, Leckman, & Feldman, 2010; Van 1Jzendoorn,
& Bakermans-Kranenburg, 2011), face recognition (Savaskan, Ehrhardt, Schulz,
Walter, & Schichinger, 2008; Rimmele, Hediger, Heinrichs, & Klaver, 2009),
discrimination and recognition of emotions (Shamay-Tsoory et al., 2009; Van
IJzendoorn, & Bakermans-Kranenburg, 2011), the inference of the mental state of
others (Domes, Heinrichs, Michel, Berger, & Herpertz, 2007b), the recollection of
positive social cues (Guastella, Mitchell, & Mathews, 2008b), trust (Kosfeld,
Heinrichs, Zak, Fischbacher, & Fehr, 2005; Baumgartner, Heinrichs, Vonlanthen,
Fischbacher, & Fehr, 2008; Mikolajczak et al., 2010), generosity (Zak, Stanton, &
Ahmadi, 2007) and regulation of intergroup relations (De Dreu et al., 2010). These
studies highlight the involvement of the OT in the modulation of social processes,
quickly earned oxytocin designations such as “love hormone”, “attachment hormone”
or “the great facilitator of life” (Lee, Macbeth, Pagani, & Young, 2009).

In the current study, it is aimed to examine whether the evaluation of a visual stimuli
with a specific emotional content in a face recognition task triggers pupil dilation,
along with the possible effects of oxytocin on the evaluation of the stimuli with
emotional content. For further analysis, accuracy of the choice about the emotional
content of the stimulus is another variable that is investigated. For faces with neutral
expression, trustworthiness ratings, associated pupil dilation and relationship of these

1 Oxytocin was discovered in 1906 by Sir Henry Dale (Dale, 1906). He named this
pituitary secretion in reference to the effect that he had discovered it which is to
contract the smooth muscles of the uterus during childbirth. The term oxytocin thus
comes from the Greek words “Okus” and “tokos”, meaning literally “fast delivery”. In
1954, oxytocin was described by the American biochemist Vincent du Vigneaud as a
polypeptide hormone consisting of nine consecutive amino acids (Du Vigneaud,
Ressler, Swan, Roberts, & Katsoyannis, 1954).
2



with oxytocin is also of insterest. Possible sexual dimorphisms of oxytocin in humans
are also studied by recruiting participants from both genders.

Remainder of the current thesis comprises of five chapters. In chapter 2, literature
review includes introduction about the studies of face and facial expression
recognition, oxytocin and pupil dynamics. The subsequent section, chapter 3, covers
the participants, the stimuli and preparation of the stimuli, and experimental
methodology. Results of the experiments are presented in chapter 4. In the chapter 5,
results are interpreted and discussed in a comprehensive manner. At last, chapter 6,
presents a concise conclusion.






CHAPTER 2

LITERATURE REVIEW

In this chapter, relevant aspects of the literature in faces, facial expressions of
emotions, oxytocin and its effects on social and emotional cognition, pupil size and
dynamics are presented. In the first three sections, cognitive aspects and neural
correlates of face and emotion perception are reviewed. Then in the fourth part, a brief
background on oxytocin and its effects on social cognition and emotion recognition
are explained based on previous studies. In the fifth section, all aspects of pupil size
and dynamics are discussed including pupillary responses. This part is followed by the
presentation of motivation for the initiation of this thesis, research questions and
hypotheses.

2.1 Face recognition

Faces must be considered differently from other types of visual stimuli. Indeed, we
need to distinguish thousands of faces with very similar characteristics to process this
information quickly and to establish links between perceptual representations of a face
and social knowledge of the category to which it belongs. This type of stimulus
requires an individual level of knowledge, which is rare for other types of visual
stimuli.

The neural networks involved in the recognition of facial features are based on
multiple neuronal populations which are widely distributed in the brain. The
mechanisms involved in the processing of visual information have a hierarchical
organization integrating information both sequentially and in parallel with a dynamic
framework: both “ascending” or “bottom-up” and “descending” or “top-down”.

Face recognition requires several types of analysis, particularly the detection of a face
itself among other visual objects, recognition of the identity of an individual, gender,
ethnicity, age, facial expression and gaze direction. It appears that the neural networks
involved in the processing of these various components are, at least partly, separated.

The study of face recognition has mainly been discussed by using photographs to
easily test this cognitive function in the visual modality. The processing of facial
stimuli requires various brain regions such as the visual system, fusiform face area and
occipital face area. The description of the organization of the visual system, functional
regions involved in face recognition based on data from neuroimaging can be found in
Appendix A.



2.2 Definition and classification of emotions

Neurobiologists and psychologists define emotion as a phasic change, concerted and
generally adaptive, occurring in multiple biological systems of the individual
(including somatic and neural components) in response to a stimulus (Damasio, 1994).
An emotional reaction involves changes in multiple physiological systems such as
endocrine, visceral, vegetative and muscular systems, including facial muscles.

Emotions can be classified in three categories: background emotions, primary
emotions and social emotions. The background emotions consist of the moods or states
of the individual and can last several hours, depending on metabolic factors and
external stimuli (Damasio, 1999). The most common list of primary emotions (or basic
emotions) includes fear, disgust, joy, anger, sadness and surprise. They represent the
most common emotions through different cultures (Ekman, 1992). The so-called social
emotions are represented by sympathy, embarrassment, shame, guilt, pride, envy,
gratitude, admiration, indignation and contempt (Burnett, Bird, Moll, Frith, &
Blakemore, 2009).

Whether the emotional concepts have individual characteristics or they are a part of a
continuum is a matter of discussion. Some argue for individualized emotional concepts
(for example, those that can appoint or express a face) (Ekman, 1992) while others
state in favor of a continuum in two-dimensional space, of which, axes are represented
by the arousal and emotional valence, or in favor of dependent and transient dynamic
assemblies of the context (Russell, 1980).

The research on emotion use several modalities such as visual, auditory,
somatosensory to identify the neural correlates between each emotion and to build on
theories about emotion recognition. In our study, facial expression recognition through
visual stimuli is the main topic of interest.

2.3 Facial expression recognition

The human face is a powerful communication tool. In addition to identity, gender and
ethnicity of the person, facial expressions represent clear intentions and emotional state
of the person. Facial expressions may reflect the emotional state of an individual or an
aspect of social communication in varying proportions (Darwin et al., 1998; Fridlund,
1991). These two components work together to generate the facial expressions, one of
them may predominate according to circumstances, individuals and cultures. Hence,
identification and definition of the facial movements for transmitting an emotional
message became an important aim to understand the intimate mechanisms the
recognition of facial expressions in primates and humans.Thanks to modern
electrophysiology and brain imaging techniques, the emotions expressed in facial
expressions became the source of an extremely rich research axis in the field of
psychology and behavioral neuroscience. These studies suggest that the facial
musculature -which is controlled by complex neural networks activated automatically



or voluntarily- is highly developed in humans and great apes (Hopf, Muller-Forell, &
Hopf, 1992).

In this part, the recognition of emotions through the faces (i.e., facial expressions) and
neural systems involved in this function are addressed specifically. The recognition of
social messages in humans, especially facial expressions, involves different neural
networks depending on the content of the emotional message. It is established that
various cortical and subcortical structures such as the amygdala and the insula, react
specifically to certain emotional messages.

2.3.1 Mechanisms of recognition of emotions through the faces

The recognition of facial expressions has benefited from many behavioral studies and
more recently various neurobiological approaches for decades. In the visual field,
facial expressions are a non-verbal communication tool at the origin of numerous
scientific works (Adolphs, 2002). In 1872, Darwin argued that this form of emotional
expression is innate and universal, in the line with his theory of evolution. Later,
intercultural work of Paul Ekman is based on this idea of universality of the emotion
recognition from facial expressions (Ekman, 1992; Ekman et al. 1987; Ekman &
Friesen, 1971; lzard, 1971; Matsumoto & Ekman, 1989).

The study of facial expressions provided basis for a vast field of theoretical and
experimental research. Even today, they are the tool or the preferred paradigm in the
field of cognitive studies. Several different mechanisms and neural networks can be
involved in recognizing facial expressions.

2.3.1.1 Neural correlates associated to the perception of emotional expressions

It is clear that the emotional processing requires large-scale neural networks ranging
from limbic regions to the sensory areas and those associated with high-level cognitive
functions (Lindquist, Wager, Kober, Bliss-Moreau, & Barrett, 2012; Schmidt &
Trainor, 2001). More specifically, the recognition of emotional expressions is
associated with the activity in the orbitofrontal cortex, the superior colliculus, the
striate cortex, somatosensory cortex and sensorimotor, the superior temporal gyrus,
thalamus and amygdala (Adolphs, 2002). It appears that each of these structures plays
a key role in the perception of emotional expressions, according to a time course
starting from the initial presentation to the final recognition of the emotion. It is also
likely that this network is engaged regardless of the modality in which the emotion is
expressed (Kuraoka & Nakamura, 2007). A detailed description of the cortical and
subcortical structures involved in recognition of facial expressions can be found in
Appendix B.

Subcortical structures including the superior colliculus and the pulvinar nuclei might
be specialized in the rapid and automatic processing of visual emotional stimuli,
especially their magnocellular attributes. The stimulus would be transmitted through
thalamo-amygdala visual pathway. This early processing is specialized in the analysis
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of the most salient stimuli, such as aversive facial expressions of fear and anger. Such
first processing would be automatic and mandatory.

After a brief analysis of the characteristics of facial expressions provided by the low-
level visual structures, cortical regions including the associative visual cortex, build a
more detailed perceptual representation and a more precise configuration depending
on the facial features. More explicit information on expressions can be built,
presumably committing both cortical visual pathways, ventral and dorsal. The superior
temporal gyrus develops representations regarding the movements of the lips, gaze
direction and facial expressions. The fusiform and posterior temporal gyri, after the
first analyses conducted in V1-V2 and V3 areas, build a detailed structural
representation of the face around 170 milliseconds after stimulus onset.

Retrograde modulations operate at different levels of visual processing, in other words
on different structures and at different times. The activity related to the rapid
magnocellular processing could modulate the slower parvocellular activity. Such a
retrograde neuromodulation may be partly provided by the amygdala and the
prefrontal cortex. Thus, the same visual structures seem to participate in both early
perceptual analysis and later stages of recognition. In a natural scene, the context and
motivations could modulate every moment of attentional capacity and analysis of
visual stimuli.

Cortical motor structures and subcortical areas reinforce these modulations by a
simulation process that generates motor programs in response to the detection of facial
expressions. The somatosensory and motor cortices involved in the representation of
the states of the body defining an emotional state. It would be useful in the construction
of the recognition of emotion through simulation, irrespective of whether there is an
own emotional reaction to the stimulus.

Thus, recognition of emotion in others is not a monolithic phenomenon. This analysis
consists of multiple items of individual strategies depending on experimental task and
the context. Some temporal hierarchy seems to influence brain processing of the
emotional stimuli. It does not appear that disgust is processed at the same speed as
other salient stimuli such fear and even happiness. Evolutionary processes such as
survival seem obvious with regard to the processing of aversive and salient stimuli
such as fear. The detection of a positive emotion related to the notion of pleasure, also
essential to the balance and survival could still be fast.

2.4 The neuropeptide oxytocin

Oxytocin is a small peptide composed of nine amino acids. The term “oxytocin”
derives from Greek words “oxys” and “tokos” meaning “fast” and “birth” in reference
to its role in the contraction of the uterine muscles during childbirth, as first described
by the English scientist Sir Henry Dale in 1906 (Dale, 1906). Its structure was
discovered in 1954 by Vincent du Vigneaud and he received the Nobel Prize for
Chemistry in 1955 for this precious work (Du Vigneaud et al., 1954).
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Oxytocin can be defined as a neurohormone because it is synthesized by nerve cells,
namely the magnocellular neurons in the supraoptic and paraventricular nuclei of the
hypothalamus (Moos & Richard, 1989). The terminations of these neurons join the
walls of the blood capillaries of the pituitary gland allowing oxytocin to be released
into the bloodstream and acting as a hormone (Bealer, Armstrong, & Crowley, 2010).

However, oxytocin also acts as a neurotransmitter at the central level. It is indeed
transmitted to other structures of the central nervous system via the spinal fluid and by
the axon projections of neurons in the paraventricular nucleus of the hypothalamus
(Veening, de Jong, & Barendregt, 2010). They send their projections to autonomic
centers in the reticular formation, to extra hypothalamic brain areas such as the
amygdala, hippocampus, septum, nucleus accumbens, the ventral tegmental area and
frontal cortex (Argiolas & Gessa, 1991), as well as to the neurons of the spinal cord
and brainstem (Purves et al., 2001).

The release of oxytocin in the central nervous system and neuronal activation, and its
release into the bloodstream, are mainly caused by sexual stimuli or stimuli related to
reproduction such as coitus, genital stimulation, olfactory stimuli, breastfeeding or
parturition. This release also occurs during sexual stimulation or grooming with the
offspring and touch contacts (e.g., massage) (Campbell, 2008).

Once released, oxytocin binds to its own receptor. Currently, only one type of specific
oxytocin receptor has been found. In humans, oxytocin receptor was isolated and
identified by Kimura and colleagues (Kimura, Tanizawa, Mori, Brownstein, &
Okayama, 1992). It is a polypeptide of 388 amino acids arranged in typical seven
transmembrane domains of the family of receptors coupled to G protein.

Most results concerning the central location of oxytocin receptor are from studies in
animals mainly rats and mice. These studies revealed the presence of oxytocin
receptors in several brain regions such as the olfactory system, the cortical areas, the
limbic system (amygdala and hippocampus) and also in the brain stem (Gimpl,
Wiegand, Burger, & Fahrenholz, 2002). Few studies in primates have indicated the
presence of receptors for oxytocin also at the orbitofrontal cortex (Boccia, Goursaud,
Bachevalier, Anderson, & Pedersen, 2007). In humans, at the peripheral level,
oxytocin receptors are mainly found in the digestive tract (Monstein, Grahn,
Truedsson, & Ohlsson, 2004), kidneys, heart, thymus and pancreas (Kiss & Mikkelsen,
2005).

Nevertheless, these investigations have also revealed significant variability in the
distribution of receptors between different animal species (Insel, Young, & Wang,
1997). Indeed, the rat oxytocin receptor is present in high density in the hypothalamus
while no oxytocin receptor has been found in this region in other species like guinea
pig, rabbit or hamster (Gimpl & Fahrenholz, 2001). This raises the question of
variability or a specific interspecies receptor oxytocin.



For obvious technical reasons, few studies on oxytocin receptors in brain have been
conducted in humans. One autopsy study was performed in 12 subjects by Loup,
Tribollet, Dubois-Dauphin, Pizzolato and Dreifuss (1989), confirming the presence of
oxytocin receptor in the brain. However, again the results showed differences on the
location of oxytocin receptor as compared to animal studies. A high rate of oxytocin
receptor has been found in the substantia nigra and nucleus basalis of Meynert.
Paradoxically, this study revealed the absence of receptor in the hippocampus and
amygdala, the entorhinal cortex and around the olfactory bulb (Loup et al. 1989).

Furthermore, there is a difference between the sexes. Indeed, in women, oxytocin
receptors are distributed primarily on the smooth muscle walls of the uterus as well as
the nipples (Kimura et al., 1992) whereas in men, the OT receptors are found in the
cavernous body of the penis and in the epididymis (Vignozzi et al., 2004).

The effects of oxytocin on our behavior and the mechanisms of action are still poorly
understood, partly because of obvious methodological difficulties. In contrast to
studies in animals that can use many more or less invasive techniques such as central
administration of oxytocin and genetic engineering; the same is not possible in
humans. Therefore, researchers should use indirect means (i.e., intranasal
administration of oxytocin) to evaluate the effect of oxytocin on social behavior. The
intranasal administration is explained in detail in Appendix C.

However, the behavioral effects of oxytocin are common to many species. For over
two decades, many psychologists and psychiatrists were interested in oxytocin,
making it the hormone whose psychological effects are well investigated. The most
representative research in the area of oxytocin studies has highlighted the involvement
of oxytocin in the attachment process (Ditzen et al., 2009; De Dreu et al, 2011;
Feldman et al., 2007; Gordon et al., 2010), face recognition (Savaskan et al., 2008;
Rimmele et al., 2009), discrimination and recognition of emotions (Shamay-Tsoory et
al., 2009), inference of the mental state of others (Domes et al., 2007b), recollection
of positive social cues (Guastella et al., 2008), trust (Kosfeld et al., 2005; Baumgartner
et al., 2008; Mikolajczak et al., 2010), generosity (Zak et al., 2007) and regulation of
intergroup relations (De Dreu et al., 2010).

These studies highlight the involvement of oxytocin in the modulation of social

processes, quickly earned oxytocin designations such as “love hormone”, “attachment
hormone” or “the great facilitator of life” (Lee et al., 2009).

2.4.1 The effect of oxytocin on trust behavior

Trust is a concept that everybody understands at some personal level, but it is hard to
come out with a specific definition for this concept. In the current study, “trust” is used
to explain a subjective “feeling” for determining whether to trust somebody.

Trust in each other is a prerequisite for social affiliation and social approach in
humans. Many studies have focused on the link between oxytocin and trust and helped
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highlight the crucial role of this hormone in this process. Theodoridou and colleagues
(2009) have shown that oxytocin positively modulates the social perception of an
unknown individual, so that it looks more attractive and a priori more reliable. Far
from being limited to a simple perception, this effect extends to the concrete testimony
of trust. An exogenous oxytocin administration increases the trusting behavior
(Kosfeld et al., 2005; Baumgartner et al., 2008; Mikolajczak et al., 2010). Although
the majority of studies about trust has used tasks involving monetary shares (trust game
for example), oxytocin does not only affect the trust behavior of the individual when
money is involved, but also when personal and confidential information are involved
(Mikolajczak et al., 2010).

In a particularly interesting way, Baumgartner and colleagues (2008) showed that
oxytocin increased the capacity of the individual to trust others again (e.g., an
individual X) after a betrayal (by an individual Y). It must be emphasized here that in
the study of Baumgartner et al. (2008) cited above, the subject interacts with a different
partner after a betrayal. Therefore, it is impossible to infer that oxytocin allows
restoration of trust in the partner after a betrayal on his part. It would be interesting if
future studies would try to determine if this effect can be explained by the memory
processes (oxytocin promotes oblivion treason) or motivations (oxytocin increases the
motivation to reengage).

Although oxytocin facilitates approach behavior (Taylor et al., 2006), this facilitation
is based on the detection of a pathogenic condition (i.e., infectious) in a congener and
it is used to modulate the behavior accordingly. The individual will adopt a withdrawal
behavior vis-a-vis a potentially contagious partner, but will adopt an approach
behavior if it seems healthy interlocutor (Kavaliers & Choleris, 2011).

In addition, oxytocin helps to maintain the social relationship through a circular
process: oxytocin promotes pro-social behaviors that increase the rate of oxytocin
production. Zak, Kurzban, and Matzner (2005) have shown that when a person A
receives a sign of voluntary trust from an individual B (e.g., B entrusts his money to
A, which is a sign that he trusts him), his basal rate increases oxytocin and his loyalty
to the individual B. This will encourage him to be worthy of the trust received and to
reciprocate. A reciprocal system will be set up which consolidates the relationship
between two individuals.

Zak et al. (2007) showed that oxytocin increased generosity to a stranger. Individuals
in oxytocin group share a sum received from unknown individuals more fairly than the
placebo group. Another study (Barraza & Zak, 2009) showed that when the individuals
are presented a scene with strong emotional valence (positive or negative), their
plasma levels of oxytocin increases and this increase enhances generosity towards an
unknown individual.

When oxytocin increases cooperative behavior, it is not indiscriminate. De Dreu et al.
(2010) have shown that oxytocin specifically promoted trust and cooperation within
the ingroup. However, it does not generate aggressive behavior vis-a-vis the outgroup,
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except when the individual feels threatened. Oxytocin may thus favor defensive
aggressiveness but not offensive aggressiveness. Meta-analysis of Van 1Jzendoorn &
Bakermans-Kranenburg (2011) confirms this idea: exogenous administration of
oxytocin creates a pro-ingroup bias, but does not create de facto anti-outgroup bias.

2.4.2 The effects of oxytocin on social recognition

Social recognition is the ability to recognize a fellow as a familiar individual. It is
based on the social memory that allows the individual to adopt appropriate behaviors
when it comes into contact with a known congener. This social skill is essential to the
formation of social bonds and the survival of the species seem to be partially
determined by oxytocin.

In animals, numerous studies (Winslow & Insel, 2004; Neumann, 2008; Lee et al.,
2009; Heinrichs, von Dawans, & Domes, 2009) have shown the importance of
oxytocin in social recognition. In rodents, social recognition goes through the olfactory
pathways. Dluzen and colleagues (Dluzen, Muraoka, Engelmann, & Landgraf, 1998)
have shown that injection of oxytocin in the olfactory bulb of a rat before a first
encounter with a conspecific improves the ability to recognize it as familiar at a later
time. Similarly, other studies show that in mice which have a deficiency of the gene
for oxytocin (oxytocin-knockout mouse), repeated presentation of a conspecific does
not decrease the time of olfactory exploration. So this is the sign that, in the absence
of oxytocin, rodents fail to encode an individual as being a congener familiar
(Ferguson, Aldag, Insel, & Young, 2001; Lim, Bielsky, & Young, 2005; Takayanagi
et al., 2005). However, when oxytocin is injected in the amygdala of these deficient
mice, their ability to discriminate between individuals is restored (Fergusson et al.,
2001). It is also remarkable to note that when administering an antagonist of oxytocin
for meadow voles, they present a mitigation of the social contacts, which can lead to
social isolation (Carter, Grippo, Pournajafi-Nazarloo, Ruscio, & Porges, 2008). These
studies therefore suggest that oxytocin plays a crucial role in the socialization process.

In humans, the social recognition is mainly based primarily on visual and auditory
signals. Recent studies (Kéri & Benedek, 2009; Perry et al., 2010) show that oxytocin
enables the individual to better discriminate the typical human movements (that is to
say, a human figure in motion). Compared to a control group, participants who
received oxytocin manage to identify with more precision the pictographic stimuli
depicting biological motion among a series of neutral stimuli (circles, abstract shapes)
(Kéri & Benedek, 2009; Perry et al., 2010). These studies suggest that oxytocin
specifically modulates the perception of the individual with respect to socially relevant
stimuli and facilitates the recognition of members of our species.

Similarly, oxytocin seems to improve recognition and recall of faces. Administration
of oxytocin, both in women and men, allows a better recognition of faces previously
presented and this effect can be observed up to 24 hours after the encoding (Savaskan
etal., 2008; Guastella et al., 2008b). Besides, it is not related to a general improvement
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in memory capacity since the memory improvement seems to be specific to social
stimuli (Unkelbach, Guastella, & Forgas, 2008; Rimmele et al., 2009).

2.4.3 The effects of oxytocin on emotion recognition

Besides the fact that oxytocin improves the recognition of faces, it also appears to
facilitate the recognition of emotions of others. To interact appropriately with an
individual requires being able to accurately recognize their emotions.

The studies suggest that oxytocin facilitates recognition of emotions in various ways.
First of all, oxytocin increases the detection of emotional stimuli. The individuals
under the intranasal administration of oxytocin better identify the presence of
emotional faces shown briefly (less than 60 milliseconds) in a series of neutral faces
than individuals under the administration of placebo (Schulze et al., 2011). Moreover,
oxytocin increases the fixation on the eye region of the contact, which is particularly
adaptive because the eye area is a key region in emotional recognition (Guastella,
Mitchell, & Dadds, 2008a).

In line with the above, Domes and colleagues (Domes et al., 2007b) showed that
individuals in oxytocin read the emotions in the eyes of their partner better than
individuals taking placebo. This effect is even more pronounced in individuals who
usually have difficulty in identifying the emotions of others. In people with a high
degree of alexithymia (inability to identify and describe emotions in the self), oxytocin
intake results in better emotional recognition whereas in subjects with a low score of
alexithymia, there is no effect of oxytocin on performance. Alexithymia would
therefore be a moderating variable of the effect of oxytocin on the recognition of
emotions of others. Furthermore, by enhancing emotional recognition, oxytocin could
positively influence interpersonal behaviors of alexthymics and would have a potential
therapeutic effect (Luminet, Grynberg, Ruzette, & Mikolajczak, 2011).

Similarly, performance in Reading the Mind in the Eyes Test (which assesses the
ability to infer the mental state of others based on eyes) is improved in patients with
autistic disorder who received intranasal oxytocin (Guastella et al., 2010). This result
is clinically important since autism is characterized by major deficits in emotional
recognition (Guastella et al., 2010). Some studies suggest that oxytocin would also act
on the recognition of vocal emotions. Hollander and his colleagues (2007) showed that
the administration of oxytocin in subjects with autistic disorders improves their ability
to identify emotions in prosody.

Although all of the literature agrees on the idea that oxytocin enhances emotional
recognition, there are however some discrepancies in the type of emotions for which
recognition would be facilitated by oxytocin. According to some researchers, oxytocin
would facilitate only the recognition of emotions with positive valence such as
happiness (Di Simplicio, Massey-Chase, Cowen, & Harmer, 2008; Marsh, Henry,
Pine, & Blair, 2010). For others, this effect would only be valid for the emotions with
negative valence, such as fear (Fischer-Shofty, Shamay-Tsoory, Harari, & Levkovitz,
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2010; Guastella, Carson, Dadds, Mitchell, & Cox, 2009). Finally, some suggest that
oxytocin would have a general action on the recognition and discrimination of
emotions, regardless of valence, by increasing the salience of social cues to
discriminate (Shamay-Tsoory et al., 2009). The current data do not explain these
discrepancies. But in the light of what we have seen above (that is to say, oxytocin
specifically enhances the capacity of those who are deficient in emotion recognition),
it is likely that contextual and personal differences explain these discrepancies.

In conclusion, oxytocin seems to be involved in a considerable number of processes
for the establishment of the social relationship: oxytocin increases the attractiveness
and the trust inspired by others while allowing the individual to retain the ability of
discernment, promotes social recognition and improves the identification of emotions.

2.4.4 Gender-related effects of oxytocin

The large majority of studies investigating the effects of intranasal oxytocin
administration on social cognition and emotion recognition has been conducted in
male participants. Therefore, the possible differential effects by gender are not well
studied. Moreover, there is not a consistent literature on the gender-related effects of
intranasal oxytocin. Some studies suggest that there is no gender difference (Ditzen et
al., 2009; Shamay-Tsoory et al., 2009; Savaskan et al. 2008; Theodoridou et al., 2009;
Guastella et al., 2009). However, significant gender differences have been reported in
more recent studies (Hoge et al., 2014; Lynn, Hoge, Fischer, Barrett, & Simon, 2014;
Campbell, Ruffman, Murray, & Glue, 2014; Fischer-Shofty, Levkovitz, & Shamay-
Tsoory, 2013; Gordon, Zagoory-Sharon, Leckman, & Feldman, 2010; Kubzansky,
Mendes, Appleton, Block, & Adler, 2012).

For instance, Fischer-Shofty et al. (2013) tried to find out the effects of intranasal
oxytocin on the accurate perception of male and female participants in social
interactions shown in realistic video clips. Researchers reported that male participants
receiving intranasal oxytocin more accurately perceive competition interactions while
female participants receiving intranasal oxytocin more accurately perceived kinship
interactions. Another study conducted by Domes et al. (2010) found that the amygdalar
activity of female participants in response to angry faces was not affected by intranasal
oxytocin administration whereas the intranasal oxytocin administration led to a
decrease in the amygdalar activity of male participants (Domes et al., 2007a).

Thus, in order to better interpret experimental results and to investigate socio-
behavioral differences between women and men, the studies on oxytocin should recruit
both male and female participants and include gender as a factor in their analysis.

2.5 Pupil size and dynamics

The pupil is the central aperture of the iris which controls the amount of light entering
the eye. The size and responsiveness of pupil are regulated by two synergistic-like
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pathways that operate on the smooth muscles of the pupil, as first described by
Sherrington in 1911 (as cited in Beatty & Lucero-Wagoner, 2000).

The parasympathetic pathway that is mediated from the Edinger-Westphal oculomotor
complex in the midbrain controls pupillary sphincter muscle. It is a circular muscle
responsible for constriction of the pupil. The sympathetic pathway that is mediated by
the hypothalamus controls pupillary dilator muscle. Since the dilator muscle is
responsible for dilation, sympathetic excitation results in pupil dilation (Loewenfeld
& Lowenstein, 1993).

The physiology of the pupil is complex, but the knowledge of anatomical pathways
responsible for pupillary constriction and dilation allow us to evaluate pupillary
responses in different tasks.

2.5.1 Primary pupil functions

First of all, the main function of the pupillary movements is to fulfill primarily tasks
to prepare the waking organism for optimal viewing conditions. One of these optimal
viewing conditions is the reflex of the pupil, namely the pupillary light reflex: In bright
light, the pupils get smaller. As the light gets darker, pupils become larger. This size
change is particularly important in extreme lighting conditions (i.e., walking at night
or on a sunny day). The aim of the pupil size changes is to provide the retina with a
reasonable amount of light available, so that the photoreceptors receive neither too
many nor too few photons. A second important optical effect of changes in size of the
pupil is near reflex which is responsible for the regulation of focus. For instance, when
the visual stimuli is located close, unaccommodated pupils get reflexively smaller,
reducing the depth of field. Finally, by narrowing pupil diameter optical aberrations
can be reduced, which in turn helps the optical system or the visual acuity.

2.5.2 Psychosensory pupillary responses

The psychosensory pupillary response builds a bridge between well-understood
pupillary light and near reflexes and not so well understood pupil size changes that
occur in cognitive and emotional processes since their neural mechanisms are
complex. Stimulation by very intense and/or task-relevant stimuli results in pupil
dilation. In addition, even in the absence of external stimuli, cognition, emotions and
mental effort are equally capable to modify the pupil size. This reaction shows that the
pupil dilation depends on not necessarily physical, but more on task-specific stimulus
characteristics. Thus, this type of pupillary response also called as task-evoked
pupillary response (TEPR). TEPR is relatively small (from 0.1 millimeters to
maximum 0.5 millimeters), compared with the pupil light reflex which can amount to
several millimeters. Therefore, these relatively weak psychosensory responses should
be correctly evaluated when there are already slightly oscillating pupil movements,
due to large spontaneous activity. Depending on the intensity of TEPR, a sympathetic
stimulation or a central inhibition of parasympathetic oculomotor nucleus may be in
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charge. Finding the origin of the mechanism that initiates the dilation in the pupils is
hard.

2.5.3 The relationship between pupil dilation and emotional stimuli

Starting with the precious work of Charles Darwin in 1850 who investigated the effect
of emotion and fear in animals, the relationship between cognitive or emotional
processes and pupil dilation has been discussed for more than a century (Darwin et al.,
1998, Hess, 1975; Steinhauer, 2002). The first description of psychosensory reactions
can be dated to 1911, when the neurologist and psychiatrist Oswald Bumke came to
the following conclusion:

“Every active intellectual process, every psychological effort, every exertion of
attention, every active mental image, regardless of content, particularly every affect
just as truly produces pupil enlargement as does every sensory stimulus.” (as cited in
Hess, 1975)

In the 1960’s, these findings were taken up again: In the emotion research,
psychologists are interested in whether the pupil diameter could reflect emotions such
as sympathy and antipathy. Hess postulated the aversion—constriction hypothesis
according to which the pupil constricts when an unpleasant stimulus is presented and
dilates when a pleasant stimulus appears (Hess, 1965; Hess & Polt, 1960; Hess,
Seltzer, & Shlien, 1965). However, these studies had significant methodological
shortcomings, so that their results have been widely questioned (Janisse, 1977). Janisse
(1974) examined valence-specific pupillary responses in a methodologically less
contestable investigation: The study brought to light that not only positive but also
negative emotions lead to pupil dilation. Moreover, it is also reported that highly
pleasant or aversive pictures were associated with large pupil dilations (Steinhauer,
Boller, Zubin, & Pearlman, 1983; Bradley, Miccoli, Escrig, & Lang, 2008).

Pupil dilation in response to emotional or visual stimuli is mainly controlled by the
sympathetic limb of the autonomic nervous system originating in the hypothalamus.
The limbic system is reciprocally connected to the visual pathway in the cortex in a
complex system and with the help of this system; the pupil dilation can be triggered
by the visual recognition pathway. The cortex can also mediate a direct influence on
the pupil diameter via its direct projections to the parasympathetic Edinger-Westphal
nucleus in the midbrain (Barbur, 2003). Therefore, in principle, a visual target which
is semiconsciously recognized in the visual pathway -but not reported by a motor
response whose initialization occurs later- is still able to trigger activation in the limbic
system, in terms of a pupil dilation response.

It is also widely documented that mental events inhibit the Edinger-Westphal nuclei
thus causing the relaxation of the sphincter muscle, contributing to the dilation of the
pupil (Smith, Masek, Ichinose, Watanabe, & Stark, 1970; Krenz & Stark, 1985).
Visceral, somatic and olfactory sensory information are all relayed to the
hypothalamus, converging onto the efferent sympathetic fiber system. It has been
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known for centuries, that they elicit a pupillary dilation (Loewenfeld & Lowenstein,
1993; Kahneman, 1973; Hess, 1975; Beatty, 1982; Steinhauer, 2002).

2.5.4 The effect of intranasal oxytocin on pupillary responses

To the best of our knowledge, there are only two studies that specifically recorded the
pupil response during the evaluation of emotional expressions under the administration
of intranasal oxytocin (Leknes et al., 2012; Prehn et al., 2013). Their data indicate that
a single dose of intranasal oxytocin enhanced evaluative processing of others’ positive
and negative facial expression represented as both explicit and implicit visual stimuli.
The researchers reported that the administration of oxytocin results in an increase in
stimulus-induced pupil dilation, consistent with the prosocial effects of oxytocin such
as enhancement of attention towards socially relevant stimuli (Leknes et al., 2012).
This result is interpreted as a mechanism that human affiliation is increased by the
administration of oxytocin since pupil dilation is generally related to increased
attractiveness and approach behavior (Leknes et al, 2012).

2.6 Motivation, Research Questions and Hypotheses

Studies suggest that intranasal administration of oxytocin improves the skill to
recognize emotions since it is involved in the processing of socially relevant stimuli.
Moreover, recent studies report that intranasal administration of oxytocin results in
higher pupil diameter changes in response to emotional stimuli which may reflect the
affective state of the individual. In the current study, it is aimed to examine whether
the simple appearance and evaluation of a visual stimuli with a specific emotional
content triggers pupil dilation in a face recognition task. Possible effects of oxytocin
is evaluated specifically for two aspects of the facial stimuli: 1. Trustworthiness of the
face when the facial expression is neutral 2. Recognition of the emotional facial
expressions. Possible sexual dimorphisms of oxytocin intake in humans are
investigated by recruiting male and female subjects. Dependent variables that are
investigated are subjective ratings and pupil diameter.

The research questions and hypotheses are as follows:
Trustworthiness evaluation related research questions and hypotheses

Research Question 1: Is there a relationship between intranasal oxytocin
intake and trustworthiness judgments?

Hypothesis 1: Since oxytocin increases the attractiveness and the trust
inspired by others, participants receiving oxytocin will rate neutral
faces as more trustworthy than participants receiving placebo.

Research Question 2: Is there a relationship between subjective
trustworthiness evaluation and pupil size?
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Hypothesis 2: Since pupillary changes reflect the arousing state and
attention of the individual, faces rated as trustworthy will differ in terms
of initiation of pupillary responses. Thus, trustworthy and
untrustworthy faces will elicit larger pupil diameters compared to faces
rated as neutral.

Research Question 3: Will the general effect of oxytocin on pupils, which is
increased pupil diameter, hold during trustworthiness judgements?

Hypothesis 3: Participants receiving oxytocin will show larger pupil
diameters compared to participants receiving placebo while judging
trustworthiness.

Facial expression recognition related research questions and hypotheses

Research Question 4: Is there a relationship between intranasal oxytocin
intake and accuracy of facial expression recognition?

Hypothesis 4: Since the oxytocin improves the ability to recognize
facial expressions, participants receiving oxytocin will recognize
emotions expressed by faces more accurately compared to participants
receiving placebo.

Research Question 5: Is there a relationship between facial expression
judgement and pupil size?

Hypothesis 5: Since pupillary changes reflect the arousing state and
attention of the individual, faces expressing different emotions will
differ in terms of pupillary responses. Moreover, faces expressing six
basic emotions will elicit bigger pupil diameters compared to neutral
faces.

Research Question 6: Will the general effect of oxytocin on pupils, which is
increased pupil diameter, hold during recognition of facial expressions?

Hypothesis 6: Since oxytocin has an effect on sympathetic activation
leading to pupil dilation, participants receiving oxytocin will show
larger pupil diameter changes compared to participants receiving
placebo during recognition of facial expressions.

Gender related research question and hypothesis

Research Question 7: Does intranasal oxytocin intake affect males and
females differently?
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Hypothesis 7: Since it is reported that intranasal oxytocin affects the
physiological responses of female and male subject differently (i.e., it
is related to sympathetic arousal in males but parasympathetic
activation in females), intranasal oxytocin may affect both genders
differently due to differential endogenous hormone levels.
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CHAPTER 3

METHOD

In this chapter, scale-based and computer-task-based materials, experimental stimuli
generation and preprocessing steps, participants and experimental design are covered.
There were two phases in the experiment. In the first phase, participants rated the
trustworthiness whereas in the second phase they indicated the name of the facial
emotional expression. Detailed information about these steps can be found below.

3.1. Materials
3.1.1. Scale-Based Materials

Two different scale-based materials are used in the present study: Beck Depression
Inventory (BDI) and Positive and Negative Affect Schedule (PANAS). The detailed
explanation of each material can be found below.

Beck Depression Inventory

In order to detect whether the participants are depressed, the Beck Depression
Inventory (BDI) was used. The BDI was initially developed by Dr. Aaron T. Beck in
1961 (Beck, 1961). It is mainly used to measure the severity of depression in humans.
It is composed of 21 questions with multiple-choice answers. The questions focus on
items related to symptoms of depression including hopelessness, irritability, physical
symptoms and cognitions. For each item of the BID, four levels ranging from non-
severe (scored 0) to severe (scored 3) are specified. Thus, the lowest score and the
highest score to be gained in the inventory are 0 and 63, respectively. Higher scores
indicate more severe symptoms of depression whereas lower scores indicate no sign
or least severe symptoms of depression.

Adaptation and validation of the BDI in the Turkish population were done by Hisli
(1988) and Sahin and Sahin (1992). Based on results of studies in the Turkish
population, participants who got 17 or lower points are accepted as non-depressed and
included in the study. The answer sheet of the inventory used in the study can be found
in Appendix D.

Positive and Negative Affect Scale (PANAS)

To assess their mood and to obtain a measure of their emotional state, participants were
asked to complete the Positive and Negative Affect Schedule (PANAS) at the time in
the beginning, middle and end of the experiment. The PANAS is the most commonly
used standardized test to assess the affect or mood. The scale developed by Watson,
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Clark, & Tellegen (1988) is composed of two sets of positive and negative affect with
10-items. Positive affect (PA) reflects the degree of alertness and activeness of a
person while negative affect (NA) reflects the amount of fear, anger and guilt that a
person experiences. Adaptation and validation of the PANAS in the Turkish
population were done by Geng6z (2000).

As ameasure of their current mood state, participants were asked to evaluate the degree
of the emotion they experienced by rating each emotion word (e.g. upset, alert) on a
5-point Likert type scale ranging from 1=very slightly/not at all to 5=extremely. The
scoring of the scale is made separately for positive and negative affect evaluation.
Items 1, 3, 5, 9, 10, 12, 14, 16, 17 and 19 are summed for the positive affect score
whereas remainder items are summed for the negative affect score. In each set of
affect, scores can range from 10 to 50, and higher scores indicate higher levels of
positive/negative affect. If the positive score of the participant is greater than her/his
negative score, s/he is considered to be in positive mood whereas for the reverse
situation, s/he is considered to be in negative mood. The answer sheet of the scale used
in the study can be found in Appendix E.

3.1.2. Computer-Task-Based Materials

Stimulus materials are taken from the set of pictures of the Karolinska Directed
Emotional Faces (KDEF) collection (Lundgvist, Flykt, & Ohman, 1998). The database
is one of the most elaborate sets used in the research field of perception, attention,
memory and emotion. The set contains two sets of images of 70 individuals (35
females and 35 males) with an age range of 20-30, each displaying 7 different
emotional expressions (neutral, happy, angry, afraid, disgusted, sad, and surprised),
and each expression being photographed from 5 different angles. Participants all
wearing gray t-shirt have no beards, mustaches, earrings, eyeglasses or visible.
Detailed information about the database can be found in the study of Lundqvist et al.
(1998).

Frontal head-shot photographs of 33 males and 33 females with neutral expressions
and a direct gaze were used for the trustworthiness evaluation task. For the emotional
recognition task, frontal head-shot photographs of 5 males and 5 females with each
emotional expression (neutral, happy, angry, afraid, disgusted, sad, and surprised) and
a direct gaze were used. Examples of stimuli used in the study can be found in Figure
3.1
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Figure 3.1 Sample stimuli from KDEF

3.2. Stimuli Creation

Since the pupils’ responsiveness to brightness, color and illumination of visual stimuli
changes, these features of the images should be standardized. Therefore, in order to
reduce the variations among stimuli, pre-processing was applied to the database by
using the methods of Hepsomali (2013). Pre-processing includes converting images
from three colored (RGB) to gray scale, face size rescaling. Pre-processing was
accomplished by using Adobe Photoshop CS4.

3.2.1. Converting from RGB to Gray scale
Three coloured (RGB) images are converted into gray scale. Conversion of the gray

scale is done in order to reduce the effect of illumination changes on pupillary
responses.
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3.2.2. Face Size Rescaling

In order to control the head size differences, four extreme points on the each face are
selected: uppermost, lowermost, leftmost and rightmost. After the completion of the
selection, these points are used to find the vertical and horizontal axes for faces. In
order to find the width of the face left and right extremes are subtracted. Likewise,
lower and upper extremes are subtracted to find the length of the face. Since the
average width and length of the faces are 313 and 450 pixels, respectively, all images
are rescaled in order to keep a constant aspect ratio of 1.43.

3.2.3. Intensity Adjustment

In order to normalize brightness of the stimuli, mean intensity values of all images
were computed and outliers were set to the values that are similar to mean intensity
values. After adjustment, mean intensity of the entire image set was 105.13 and
standard deviation was 10.45.

3.3. Experimental Design

The aim of the experiment is to find possible effects of intranasal oxytocin on fixation
durations, pupillary responses, trustworthiness rating, and emotional recognition in a
subset of KDEF databases.

3.3.1. Participants

48 right handed participants (24 male, 24 female) between ages of 21-26 (M = 23.5,
S.D = 1.60) were recruited for participation in this study. The participants were
randomly assigned to control and experimental groups. In the control group, saline
solution was administered as placebo. The average ages of male and female
participants were 23.6 (S.D. = 0.95) and 23.6 (S.D. = 1.03) respectively. In the
experimental group, oxytocin was administered. The average ages of male and female
participants were 23.4 (S.D. = 1.04) and 23.75 (S.D. = 0.93), respectively. All
participants were blind to aim of the study, free of psychoactive and endocrinologically
relevant medication (including oral contraceptives), had normal or corrected to normal
vision, and did not report a history of neurological or endocrine disease. Female
participants were in the luteal phase of the cycle during at the time of experiment,
based on reported number of days since the last menses. All participants provided
written informed consent to the study procedures, which were previously approved by
the METU Ethics Committee (see Appendix F).

Exclusion criteria
Since BDI scores of participants were 17 or lower points, none of the participants were

considered as outliers in terms of depressive status. Since PANAS scores indicated
positive and negative affect scores were acceptable (for positive affect: all higher than
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20, for the negative affect: all below 20), none of the participants were considered as
outliers in terms of mood (see section 4.1).

3.3.2. Apparatus

Tobii Studio (TS) 3.1.3 software and Tobii Eye Tracking System (TETS) T120 were
used to present stimuli and record data, respectively. All stimuli were presented by TS
with 1280x1024 pixels resolution and pupillary responses were collected by TETS on
a 17” TFT monitor under the control of Windows 7 based desktop computer in Human
Computer Interaction (HCI) Laboratory in Middle East Technical University
Computer Centre, with data rate of 60 Hz, tracking distance of 50-80 cm.

3.3.3. Procedure

On the experimental days, participants were instructed to abstain from smoking,
caffeine, and analgesic medication. Subsequently, participants were familiarized with
the experimental procedures, the administration of the neuropeptide or placebo, and
the stimuli. For female participants in both control and experimental group, in order to
rule out possible interactions of exogenous oxytocin with fluctuations of gonadal
steroids over the menstrual cycle, all sessions were conducted in the mid-luteal phase
as assessed by participants self-report.

In the experiment, participants were seated in HCI Laboratory. After a brief
explanation of the experimental procedure, written consent (see Appendix G) and
demographic information (see Appendix H) were taken from the participants before
they filled in the BDI and the PANAS for mood assessment. Completion of admission
procedure generally took 10 minutes.

Mood was measured at three time points during each session: 1) before the nasal spray
administration; 2) immediately before the experimental protocol; and 3) immediately
after the experimental protocol. Participants rated their current level of feelings using
PANAS.

An overview of the study design is presented in Figure 3.2. There were two periods in
the experiment: treatment and experiment periods. There were two groups which are
control and experimental groups. Three male and one female participants in the control
group participated with placebo (0.9% saline; six puffs alternating between the left and
the right nostril) whereas remaining three male and one female participants in the
experimental group participate in one session with 24IU oxytocin (Syntocinon,
Novartis; six puffs alternating as above). A previous study (Prehn et al., 2013) focused
on the effect of intranasally administered oxytocin on pupil dilation and emotion
perception during a face recognition task. Following a standardized protocol of
administration of intranasal oxytocin, we choose to administer the same dose.
Participants were not aware of the contents of the spray they received, and self-
administered oxytocin or placebo under the supervision of the study coordinator (G.S.)
45 minutes before the start of the experiment period. Before the experimental protocol,
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participants were seated alone in HCI laboratory and asked to refrain from any type of
social interaction.

Before the initiation of the experiment, 9-dot calibration of TETS was applied and
participants were asked to fill the PANAS. In the experiment period, there were four
experiments: gender classification, trustworthiness evaluation, facial expression
recognition and gender classification.

In the first experiment, participants were shown 20 images (10 male and 10 female
faces with neutral expression) on the center of gray background (R: 106 G: 106 B:
106) with 15° horizontal visual angle. The instructions were presented on the computer
screen, aided with verbal explanations by the experimenter. They were asked to
classify the gender of the faces they saw on the computer screen. Each stimulus was
presented for 4 seconds. The order of presentation of the stimuli was
pseudorandomized (Appendix I). Between faces, a fixation cross was presented for 2
seconds. Each stimulus was followed by the presentation of gender classification
question which was presented until the participant made a response. Responses were
entered directly using specific keys assigned to female and male choices on the
computer’s keyboard. Fixation durations and pupil diameters were collected
throughout the experiment, but among these, only data during stimulus presentation
was used for analysis.

In the second experiment, participants were shown 66 images (33 male and 33 female
faces with neutral expression) on the center of gray background (R: 106 G: 106 B:
106) with 15° horizontal visual angle. The instructions were presented on the computer
screen, aided with verbal explanations by the experimenter. The instructions explained
how the task should be performed and stressed that the participant should respond with
his/her very first impression regarding trustworthiness. In order to prevent emotional
judgments influencing trustworthiness, ‘“neutral” faces were presented. The
experimenter explained the meaning of “trustworthiness” using the example of visiting
an unknown town and having to decide whom to ask for an address based on how
much confidence their faces suggest?. Ratings were made along a 1 to 9 scale (1: not
at all trustworthy; 9: very trustworthy). Each stimulus was presented for 4 seconds.
The order of presentation of the stimuli was pseudorandomized (Appendix I). Between
faces, a fixation cross was presented for 2 seconds. Each stimulus was followed by the
presentation of trustworthiness scale which was presented until the participant made a
response. Responses were entered directly using specific keys corresponding to
trustworthiness ratings on the computer's keyboard. Fixation durations and pupil
diameters were collected throughout the experiment, but among these, only data during
stimulus presentation was used for analysis.

2 “Daha énce bulunmadigimiz bir kenttesiniz ve bir adrese gitmek istiyorsunuz.
Ekranda yiiziinii gordiigiiniiz kisiye elinizdeki bu adrese nasil gideceginizi sorar
miydiniz? Se¢iminizi 1’den (kesinlikle sormam) 9’a kadar (kesinlikle sorarim)
rakamlara basarak yapabilirsiniz.”

26



In the third experiment, participants viewed 70 faces displaying a range of emotional
expressions (5 male and 5 female with 7 different emotional expression) on a computer
screen. They were asked to evaluate the emotional expression of the faces they see on
the computer screen. After each stimulus, participants made an emotional
categorization of the visual stimulus. Each stimulus was presented for 4 seconds. The
order of presentation of the stimuli was pseudorandomized according to the following
rules: no more than two consecutive images of the same expression, no more than two
consecutive images of the same person (Appendix I). Between faces, a fixation cross
was presented for 2 seconds. Each stimulus was followed by the presentation of
emotional categorization which was presented until the participant made a response.
Participants were asked to designate the facial expression of emotion according to a
numerical setting. They had to press 1-happy, 2-sad, 3-angry, 4-disgust, 5-surprise, 6-
fear or 7-neutral in order to name the facial expression of emotion on the screen.
Fixation durations and pupil diameters were collected throughout the experiment, but
among these, only data during stimulus presentation was used for analysis.

The fourth experiment was exactly the same as the first experiment. It was conducted
to observe whether there was a difference in physiology of pupil dilation between the
beginning and the end of the experiment due to metabolism of oxytocin.

After the completion of the experiments, the participants were asked to fill PANAS
and given a debriefing form that explains the aims and possible results of the
experiment (Appendix J).

3.3.4. Analysis

Kolmogorov-Smirnov tests were performed in order to check the normality
assumption of the data. Since p-values were all above 0.05, it was concluded that the
data showed a normal distribution. The results of repeated measures of analysis of
variances (ANOVAs) for pupil diameter changes revealed that although there was no
main effect of condition and gender, there was a highly significant interaction effect
during trustworthiness evaluation and facial expression recognition tasks, (p < 0.0001
and p = 0.001, respectively).

Previous studies investigating the effect of intranasal oxytocin on pupillary responses
were done in only male subjects (Prehn et al., 2013; Leknes et al., 2012). Hence we
did not have background information regarding the female population. Furthermore,
physiological responses of the sympathetic and parasympathetic systems of the
females were reported to differ from males, as we discussed in section 2.4.4. Due to
these reasons, we expected differential responses in females. Therefore, the data of
male and female participants were separately analyzed. The results can be seen in the
following section.
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CHAPTER 4

RESULTS

4.1. Mood assessment

For each gender group, a mixed-design ANOVA with time-point in which the
participants were asked to fill PANAS (beginning, middle, end) as a within-subjects
factor and the application of substance (oxytocin, placebo) as between-subjects factor
was conducted to examine the effect of oxytocin administration and time-points on
positive and negative affect scores.

For the male participants’ positive affect scores, there was a significant main effect of
time-points in which PANAS was filled (F (2, 44) = 3.284, p = 0.047, n?> = 0.13).
However, the statistical analysis revealed nonsignificant effect of oxytocin
administration (F (1, 22) = 0.484, p = 0.494, n* = 0.022). The predicted interaction
among time-point and oxytocin administration was not significant (F (2, 44) = 0.156,
p = 0.856, n>=0.007). In terms of time-point main effect, the positive affect scores of
male participants tended to rise throughout the experimental procedure (at time-
point(1) M = 43.83, S.E. = 0.29, at time point(2) M = 43.96, S.E. = 0.29, at time-
point(3) M = 44.46, S.E. = 0.27).

For the male participants’ negative affect scores, there was a significant main effect of
time-points in which PANAS was filled (F (2, 44) = 3.85, p = 0.029, n? = 0.149).
However, the statistical analysis revealed nonsignificant effect of oxytocin
administration (F (1, 22) = 0.085, p = 0.773, n? = 0.004). The predicted interaction
among time-point and oxytocin administration was not significant (F (2, 44) = 0.55, p
= 0.581, n2 = 0.024). In terms of time-point main effect, the negative affect scores of
male participants tended to decrease throughout the experimental procedure (at time-
point(1) M =11.33, S.E. = 0.16, at time-point(2) M = 11, S.E. = 0.14, at time-point(3)
M =10.83, S.E. =0.13).

For the female participants’ positive affect scores, there was nonsignificant main effect
of time-points in which PANAS was filled (F (2, 44) = 2.106, p = 0.134, n? = 0.087).
Further, the statistical analysis revealed nonsignificant effect of oxytocin
administration (F (1, 22) =2.093, p = 0.162, n>= 0.087). Also, the predicted interaction
among time-point and oxytocin administration was not significant (F (2, 44) = 0.702,
p =0.501, n?=0.031).

For the female participants’ negative affect scores, there was nonsignificant main
effect of time-points in which PANAS was filled (F (2, 44) = 0.855, p = 0.432, n* =
0.037). Further, the statistical analysis revealed nonsignificant effect of oxytocin
administration (F (1, 22) = 1.005, p = 0.327, = 0.044). Also, the predicted interaction
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among time-point and oxytocin administration was not significant (F (2, 44) = 0.115,
p =0.892, n>=0.005).

Since all participants’ BDI score is lower than 17, all participants were considered as
non-depressed and none of their data was excluded based on BDI score.

4.2. Task-related pupillary responses in gender classification tasks

For each gender in different conditions (oxytocin or placebo), a paired-samples t-test
was conducted to compare the pupil diameter changes in gender classification tasks.

For the male participants receiving oxytocin, there was a significant difference in the
the pupil diameter changes in the first (M = 0.342, S.D. = 0.119) and second (M = 0.3,
S.D. = 0.102) gender classification tasks; t(10) = 3.847, p = 0.003. For the male
participants receiving placebo, there was not a significant difference in the the pupil
diameter changes in the first (M = 0.268, S.D. = 0.05) and second (M = 0.25, S.D. =
0.045) gender classification tasks; t(6) = 0.869, p = 0.418.

For the female participants receiving oxytocin, there was not a significant difference
in the the pupil diameter changes in the first (M = 0.358, S.D. = 0.097) and second (M
= 0.328, S.D. = 0.084) gender classification tasks; t(10) = 1.149, p = 0.277. For the
female participants receiving placebo, there was a significant difference in the the
pupil diameter changes in the first (M = 0.3, S.D. = 0.053) and second (M = 0.252,
S.D. = 0.034) gender classification tasks; t(10) = 2.574, p = 0.028.

This variability introduced due to timing of the task in the experimental session needs
to be inspected later.

4.3. Trustworthiness evaluation

4.3.1 Behavioral data

4.3.1.1 Trustworthiness ratings of male participants

An independent samples t-test between the male participants in oxytocin and placebo
groups revealed that the male participants receiving oxytocin (M = 5.69, S.E. = 0.07)

rated neutral facial expressions more trustworthy than the male participants receiving
placebo (M =4.74, S.E. = 0.098), t(22) = 7.798, p < 0.0001.
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Trustworthiness ratings (1-9)
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Figure 4.1 Trustworthiness ratings of neutral faces in both oxytocin and placebo
groups (male participants). (Error bars represent standard error)

An ANOVA revealed significant main effect of the gender of the face stimuli (i.e.,
whether a male or female face was presented) (F (1, 11) = 38.765, p < 0.0001, n? =
0.731). In terms of gender main effect, the male participants rated female faces (M =
5.86, S.E. =0.082) more trustworthy compared to male faces (M = 4.58, S.E. =0.091).
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Figure 4.2 Trustworthiness ratings of female and male faces with neutral expression
(male participants). (Error bars represent standard error)

4.3.1.2 Trustworthiness ratings of female participants

An independent samples t-test between the female participants in oxytocin and placebo
groups revealed that the female participants receiving oxytocin (M = 5.62, S.E. =
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0.027) rated neutral facial expressions more trustworthy than the female participants
receiving placebo (M = 4.70, S.E. = 0.052), t(22) = 15.710, p < 0.0001.
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Figure 4.3 Trustworthiness ratings of neutral faces in both oxytocin and placebo
groups (female participants). (Error bars represent standard error)

An ANOVA revealed significant main effect of the gender of the face stimuli (i.e.,
whether a male or female face was presented) (F (1, 11) = 18.231, p < 0.0001, 2 =
0.853). In terms of gender main effect, the female participants rated male faces (M =
5.52, S.E. = 0.041) more trustworthy compared to female faces (M = 4.81, S.E. =

0.033).
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Figure 4.4 Trustworthiness ratings of female and male faces with neutral expression
(female participants). (Error bars represent standard error)
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4.3.2 Physiological data
Pupillary Responses

Data were preprocessed by linear interpolation in order to fill in the gaps that resulted
from eye blinking or head movements. When more than 30% of the data of a
participant had to be corrected, pupillary response is assumed to be unreliable and the
pupil data of that trial has to be discarded. In this study, none of the participants’ data
was discarded in terms of excessive correction. Pupil responses during the 4-second
stimulus presentation section of the trials were extracted. In other words, only passive
viewing sections of the experiment was taken into consideration, disregarding fixation
and judgment sections. At the end of the extraction, 240 data points (60 Hz x 4
seconds) were obtained for each image. For each trial, the initial pupil diameter was
subtracted from each of the following samples so the initial pupil diameter was set to
zero in all of the stimulus onsets. Then, only the peak values of pupil diameter were
used in analysis below. This way, changes from the stimulus onsets (i.e. baselines) are
normalized between different trials.

4.3.2.1 Comparison of responses of left and right eyes in terms of pupil diameter
changes of male participants

A 2 (condition: oxytocin, placebo) x 3 (eye location: left eye, right eye, averaged)
ANOVA was applied to assess whether the response of eyes differed significantly.
There was no main effect of eye (F(2,484) = 1.068, p = 0.43) and no interaction effect
of condition and eye (F(2,484) = 0.864, p = 0.39); that is, pupil dilation was not
affected by eye location. Moreover, since healthy people have equal pupils (isocoria),
a correlation must be observed between left and right pupil sizes. Correlation analysis
revealed a statistically significant correlation (r = 0.916, p < 0.0001) between left and
right pupil sizes and thus data from left and right pupils were averaged for each subject
in order to use in further analysis.

4.3.2.2 Task-related pupillary responses of male participants

A 2 (condition: oxytocin, placebo) x 3 (trustworthiness evaluation: untrustworthy,
trustworthy, neutral) ANOVA on pupil diameter changes was performed in order to
find whether there is an effect of oxytocin and/or trustworthiness evaluation on pupil
diameter changes. First, the trials based on subjective evaluation of trustworthiness in
both oxytocin and placebo conditions were listed. Then based on subjective evaluation,
untrustworthy trials which got 1, 2 or 3; neutral trials which got 4, 5 or 6 and
trustworthy trials which got 7, 8 or 9 as rating scores were grouped together. The
statistical analysis was conducted on average data from these grouped trials.

In male subjects, the analysis showed that the application of oxytocin has a marginally
significant effect on pupil dilation (F(1,11) = 4.709, p = 0.053) and there is a highly
statistically significant effect of subjective trustworthiness evaluation (F(1,22) =
42.777, p <0.0001). Moreover, there is also a statistically significant interaction effect
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of oxytocin application and subjective trustworthiness evaluation (F(1,22) = 3.914, p
=0.035).

In terms of condition main effect, the participants receiving oxytocin (M = 0.419, S.E.
= 0.033) showed larger pupil diameter changes than the participants receiving placebo
(M =0.341, S.E. = 0.01).
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Figure 4.5 Pupil diameter changes during trustworthiness evaluation in oxytocin and
placebo groups (male participants). (Error bars represent standard error)
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Figure 4.6 Pupil diameter changes of male participants during trustworthiness
evaluation in oxytocin and placebo groups. (x axis: each data point corresponds to
1/60 seconds, y axis: pupil diameter difference from baseline in mm)
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In terms of trustworthiness evaluation main effect, untrustworthy faces (M = 0.455,
S.E. = 0.017) resulted in larger pupil diameter changes than trustworthy faces (M =
0.389, S.E. =0.016) and neutral faces (M = 0.297, S.E. = 0.023).
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Figure 4.7 Pupil diameter changes in response to untrustworthy, trustworthy and
neutral faces during trustworthiness evaluation (male participants). (Error bars
represent standard error)
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Figure 4.8 Pupil diameter changes of male participants in response to untrustworthy,
trustworthy and neutral faces during trustworthiness evaluation. (x axis: each data
point corresponds to 1/60 seconds, y axis: pupil diameter difference from baseline in
mm)

In terms of interaction effect of condition and trustworthiness evaluation, the effect of
application of oxytocin is most prominently seen in response to untrustworthy faces.
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There is a statistically significant difference in pupil diameter changes of the
participants receiving oxytocin (M = .516, S.E. = .034) and the participant receiving
placebo (M =.394, S.E. =.012) in response to untrustworthy faces.
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Figure 4.9 Pupil diameter changes in response to untrustworthy, trustworthy and
neutral faces during trustworthiness evaluation in both oxytocin and placebo groups
(male participants). (Error bars represent standard error)
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Figure 4.10 Pupil diameter changes of male participants in response to
untrustworthy, trustworthy and neutral faces during trustworthiness evaluation in
both oxytocin and placebo groups. (x axis: each data point corresponds to 1/60
seconds, y axis: pupil diameter difference from baseline in mm)
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Table 4.1 Pupil diameter changes during trustworthiness evaluation
(male participants).

Oxytocin group Placebo group
Untrustworthy | Trustworthy | Neutral | Untrustworthy | Trustworthy | Neutral
Mean | 0.516 0.420 0.321 |0.394 0.358 0.273
Std. | 0.034 0.036 0.038 |0.012 0.015 0.016
Error

4.3.2.3 Comparison of responses of left and right eyes in terms of pupil diameter
changes of female participants

A 2 (condition: oxytocin, placebo) x 3 (eye location: left eye, right eye, averaged)
ANOVA was applied to assess whether the response of eyes differed significantly.
There was no main effect of eye (F(2,484) = 0.967, p = 0.561) and no interaction effect
of condition and eye (F(2,484) = 0.943, p = 0.42); that is, pupil dilation was not
affected by eye location. Moreover, since healthy people have equal pupils (isocoria),
a correlation must be observed between left and right pupil sizes. Correlation analysis
revealed a statistically significant correlation (r = 0.923, p < 0.0001) between left and
right pupil sizes and thus data from left and right pupils were averaged for each subject
in order to use in further analysis.

4.3.2.4 Task-related pupillary responses of female participants

A 2 (condition: oxytocin, placebo) x 3 (trustworthiness evaluation: untrustworthy,
trustworthy, neutral) ANOVA on pupil diameter changes was performed in order to
find whether there is an effect of oxytocin and/or trustworthiness evaluation on pupil
diameter changes. First, the trials based on subjective evaluation of trustworthiness in
both oxytocin and placebo conditions were listed. Then based on subjective evaluation,
untrustworthy trials which got 1, 2 or 3; neutral trials which got 4, 5 or 6 and
trustworthy trials which got 7, 8 or 9 as rating scores were grouped together. The
statistical analysis was conducted on averages of the grouped trials.

In female subjects, analysis showed that application of oxytocin has a highly
significant effect on pupil diameter changes (F(1,11) = 30.060, p < 0.0001) and there
is a highly statistically significant effect of subjective trustworthiness evaluation
(F(1,22) = 90.995, p < 0.0001). However, there is no interaction effect of oxytocin
application and subjective trustworthiness evaluation (F(1,22) = 1.963, p = 0.164).

In terms of condition main effect, the participants receiving placebo (M = 0.478, S.E.

=0.026) showed larger pupil diameter changes than the participants receiving oxytocin
(M =0.349, S.E. = 0.008).
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Figure 4.11 Pupil diameter changes during trustworthiness evaluation in oxytocin
and placebo groups (female participants). (Error bars represent standard error)
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Figure 4.12 Pupil diameter changes of female participants during trustworthiness
evaluation in oxytocin and placebo groups. (x axis: each data point corresponds to
1/60 seconds, y axis: pupil diameter difference from baseline in mm)

In terms of trustworthiness evaluation main effect, untrustworthy faces (M = 0.538,

S.E. = 0.019) resulted in larger pupil diameter changes than trustworthy faces (M =
0.414, S.E. = 0.019) and neutral faces (M = 0.288, S.E. = 0.017).
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re 4.13 Pupil diameter changes in response to untrustworthy, trustworthy and

neutral faces during trustworthiness evaluation (female participants). (Error bars
represent standard error)
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Figure 4.14 Pupil diameter changes of female participants in response to

untrustworthy, trustworthy and neutral faces during trustworthiness evaluation. (x
axis: each data point corresponds to 1/60 seconds, y axis: pupil diameter difference

from baseline in mm)
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Figure 4.15 Pupil diameter changes in response to untrustworthy, trustworthy and
neutral faces during trustworthiness evaluation in both oxytocin and placebo groups
(female participants). (Error bars represent standard error)
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Figure 4.16 Pupil diameter changes of female participants in response to
untrustworthy, trustworthy and neutral faces during trustworthiness evaluation in
both oxytocin and placebo groups. (x axis: each data point corresponds to 1/60
seconds, y axis: pupil diameter difference from baseline in mm)
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Table 4.2 Pupil diameter changes during trustworthiness evaluation
(female participants).

Oxytocin group

Placebo group

Untrustworthy | Trustworthy | Neutral | Untrustworthy | Trustworthy | Neutral
Mean | 0.455 0.351 0.241 | 0.622 0.477 0.335
Std. | 0.011 0.011 0.012 | 0.036 0.030 0.031
Error

4.4 Facial expression recognition

4.4.1 Behavioral data

4.4.1.1 Accuracy of male participants

A 2 (condition: oxytocin, placebo) x 7 (emotional expression: afraid, angry, disgust,
happy, neutral, sad, surprised) ANOVA was conducted to assess whether there is an
effect of oxytocin on the accuracy of emotional classification of facial expressions and
whether there is a difference in the responses to each emotional expression. The
ANOVA revealed statistically significant main effect of oxytocin (F(1,22) = 5.289, p
= 0.031) and main effect of emotional expression (F(6,132) = 20.502, p < 0.0001).
However, there is no interaction effect between condition and emotional expression
(F(6,132) = 1.62, p < 0.126).

In male subjects, in terms of condition main effect, the participants receiving oxytocin
(M =94.17, S.E. = 0.95) identified emotional expressions more accurately than the
participants receiving placebo (M =91.07, S.E. = 0.95).
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Figure 4.17 The accuracy of facial expression recognition in both oxytocin and
placebo groups (male participants). (Error bars represent standard error)
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Pairwise comparisons between emotional expressions showed that the accuracy of
male participants was significantly lower in response to afraid faces (M =87.5, S.E. =
1.57) compared to faces expressing disgust (M = 95.42, S.E. = 1.22) and neutral faces
(M =97.08, S.E. =0.97), with p = 0.003 and p = 0.001, respectively. The accuracy of
male participants was significantly higher in response to happy faces (M =99.17, S.E.
= 0.52) compared to afraid (M = 87.5, S.E. = 1.57) and angry faces (M =925, S.E. =
1.27), p < 0.0001. The accuracy of male participants was significantly lower in
response to faces expressing sadness (M = 89.17, S.E. = 1.04) compared to faces
expressing disgust (M = 95.42, S.E. = 1.22), happy faces (M =99.17, S.E. = 0.52) and
neutral faces (M = 97.08, S.E. = 0.97), with p = 0.011, p < 0.0001 and p < 0.0001,
respectively. At last, the accuracy of male participants was significantly lower in
response to surprised faces (M = 87.5, S.E. = 1.37) compared to faces expressing
disgust (M = 95.42, S.E. = 1.22), happy faces (M = 99.17, S.E. = 0.52) and neutral
faces (M =97.08, S.E. =0.97), with p=0.006, p < 0.0001 and p < 0.0001, respectively.
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Figure 4.18 The accuracy of facial expression recognition (male participants). (Error
bars represent standard error)

Table 4.3 Recognition accuracy of emotions
(male participants).

Afraid | Angry | Disgust | Happy | Neutral | Sad Surprised
Mean | 87.5 925 95.42 99.17 97.08 89.17 | 875
Std. 1.57 1.27 1.22 0.56 0.96 1.04 1.37
Error
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Figure 4.19 The accuracy of facial expression recognition in both oxytocin and
placebo groups (male participants). (Error bars represent standard error)

Table 4.4 Recognition accuracy of emotions
(male participants in the placebo group).

Afraid | Angry | Disgust | Happy | Neutral | Sad Surprised
Mean | 85 92.5 92.5 98.33 96.67 88.33 | 84.17
Std. 2.22 1.79 1.73 0.80 1.37 1.47 1.93
Error

Table 4.5 Recognition accuracy of emotions
(male participants in the oxytocin group).

Afraid | Angry | Disgust | Happy | Neutral | Sad Surprised
Mean 90 92.5 98.33 100 97.5 90 90.83
Std. 2.22 1.79 1.73 0.80 1.37 1.47 1.93
Error

4.4.1.2 Accuracy of female participants

A 2 (condition: oxytocin, placebo) x 7 (emotional expression: afraid, angry, disgust,
happy, neutral, sad, surprised) ANOVA was conducted to assess whether there is an
effect of oxytocin on the accuracy of emotional classification of facial expressions and
whether there is a difference in the responses to each emotional expression. The
ANOVA revealed statistically significant main effect of oxytocin (F(1,22) = 33.796, p
< 0.0001) and main effect of emotional expression (F(6,132) = 8.746, p < 0.0001). In
addition, there is an interaction effect between condition and emotional expression
(F(6,132) = 2.188, p < 0.048).
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In female subjects, in terms of condition main effect, the participants receiving
oxytocin (M = 95, S.E. = 0.68) identified emotional expressions more accurately than
the participants receiving placebo (M = 89.4, S.E. = 0.68).
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Figure 4.20 The accuracy of facial expression recognition in both oxytocin and
placebo groups (female participants). (Error bars represent standard error)

Pairwise comparisons between emotional expressions showed that the accuracy of
female participants was significantly higher in response to happy faces (M = 97.92,
S.E. = 0.82) compared to faces expressing fear (M = 88.75, S.E. = 1.58), p = 0.001.
The accuracy of female participants was significantly lower in response to faces
expressing disgust (M =87.92, S.E. = 1.3) compared to happy (M =97.92, S.E. =0.82)
and neutral faces (M = 95, S.E. = 1.05), with p < 0.0001 and p = 0.005, respectively.
The accuracy of female participants was significantly lower in response to faces
expressing sadness (M =90.42, S.E. = 1.54) compared to happy faces (M =97.92, S.E.
=0.82), p = 0.004. At last, the accuracy of female participants was significantly lower
in response to surprised faces (M = 91.25, S.E. = 1.03) compared to happy faces (M =
97.9,2 S.E. =0.82), p < 0.0001.
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Figure 4.21 The accuracy of facial expression recognition (female participants).
(Error bars represent standard error)

Table 4.6 Recognition accuracy of emotions
(female participants).

Afraid | Angry | Disgust | Happy | Neutral | Sad Surprised
Mean |88.75 |94.17 |87.92 97.92 95 90.42 |91.25
Std. 1.58 1.1 1.3 0.82 1.05 1.54 1.03
Error

In terms of interaction effect of condition and emotional expression, the effect of
application of oxytocin is most prominently seen in response to faces expressing
disgust and surprise. There is a statistically significant difference in the recognition
accuracy of these in emotions in the participants in oxytocin and placebo groups. The
female participants receiving oxytocin (M = 92.5, S.E. = 1.84) recognized faces
expressing disgust with higher accuracy compared to the female participants receiving
placebo (M = 83.33, S.E. = 1.84). Furthermore, the female participants receiving
oxytocin (M = 96.67, S.E. = 1.45) recognized surprised faces with higher accuracy
compared to the female participants receiving placebo (M = 85.83, S.E. = 1.45).
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Figure 4.22 The accuracy of facial expression recognition in both oxytocin and
placebo groups (female participants). (Error bars represent standard error)

Table 4.7 Recognition accuracy of emotions
(female participants in the placebo group).

Afraid | Angry | Disgust | Happy | Neutral | Sad Surprised
Mean | 95 91.67 | 83.33 96.67 94.17 89.17 | 85.83
Std. 2.24 1.55 1.84 1.17 1.49 2.18 1.46
Error

Table 4.8 Recognition accuracy of emotions
(female participants in the oxytocin group).

Afraid | Angry | Disgust | Happy | Neutral | Sad Surprised
Mean | 925 96.67 | 92.5 99.17 95.83 91.67 | 96.67
Std. 2.24 1.55 1.84 1.17 1.49 2.18 1.46
Error

4.4.2 Physiological data
Pupillary Responses

Data were preprocessed by linear interpolation in order to fill in the gaps that resulted
from eye blinking or head movements. When more than 30% of the data of a
participant had to be corrected, pupillary response is assumed to be unreliable and the
pupil data of that trial has to be discarded. In this study, none of the participants’ data
was discarded in terms of excessive correction. Pupil responses during the 4-second
stimulus presentation section of the trials were extracted. In other words, only passive
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viewing sections of the experiment was taken into consideration, disregarding fixation
and judgment sections. At the end of the extraction, 240 data points (60 Hz x 4
seconds) were obtained for each image. For each trial, the initial pupil diameter was
subtracted from each of the following samples so the initial pupil diameter was set to
zero in all of the stimulus onsets. Then, only the peak values of pupil diameter were
used in analysis below. This way, changes from the stimulus onsets (i.e. baselines) are
normalized between different trials.

4.4.2.1 Comparison of responses of left and right eyes in terms of pupil diameter
changes of male participants

A 2 (condition: oxytocin, placebo) x 3 (eye location: left eye, right eye, averaged)
ANOVA was applied to assess whether the response of eyes differed significantly.
There was no main effect of eye (F(2,484) = 2.003, p = 0.62) and no interaction effect
of condition and eye (F(2,484) = 1.201, p = 0.42); that is, pupil dilation was not
affected by eye location. Moreover, since healthy people have equal pupils (isocoria),
a correlation must be observed between left and right pupil sizes. Correlation analysis
revealed a statistically significant correlation (r = 0.924, p < 0.0001) between left and
right pupil sizes and thus data from left and right pupils were averaged for each subject
in order to use in further analysis.

4.4.2.2 Task-related pupillary responses of male participants

A 2 (condition: control, experimental) x 7 (emotional expression: afraid, angry,
disgust, happy, neutral, sad, surprised) ANOVA on pupil diameter was performed for
male participants in order to find whether there is an effect of oxytocin and/or
emotional expression of the face presented on pupil dilation.

In male subjects, analysis showed that there is no effect of the application of oxytocin
(F(1,11) = 2.406, p = 0.149) and no interaction effect of condition and emotional
expression (F(6,66) = 0.828, p = 0.553). On the contrary, there is a significant effect
of emotional expression of the face presented to the participant (F(6,66) = 2.726, p =
0.02).
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Figure 4.23 Pupil diameter changes of male participants during facial expression
recognition task in oxytocin and placebo groups. (x axis: each data point corresponds
to 1/60 seconds, y axis: pupil diameter difference from baseline in mm)

In terms of emotional expression main effect, the pairwise comparisons revealed that
the difference between pupil dilation in response to happy (M = 0.252, S.E. = 0.012)
and sad faces (M = 0.300, S.E. = 0.015) is statistically significant (p = 0.05).
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Figure 4.24 Pupil diameter changes during facial expression recognition task (male
participants). (Error bars represent standard error)
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Table 4.9 Pupil diameter changes in oxytocin group
(male participants).

Afraid | Angry | Disgust | Happy | Neutral Sad | Surprised
Mean 0.318 | 0.317 | 0.318 | 0.273 0.355 0.312 0.304
Std. Error | 0.042 | 0.038 | 0.027 | 0.022 0.037 0.025 0.034

Table 4.10 Pupil diameter changes in placebo group
(male participants).

Afraid | Angry | Disgust | Happy | Neutral Sad | Surprised
Mean 0.29 0.276 | 0.265 | 0.232 0.260 0.288 0.26
Std. Error | 0.017 | 0.025 | 0.016 | 0.011 0.025 0.016 0.012

4.4.2.3 Comparison of responses of left and right eyes in terms of pupil diameter
changes of female participants

A 2 (condition: oxytocin, placebo) x 3 (eye location: left eye, right eye, averaged)
ANOVA was applied to assess whether the response of eyes differed significantly.
There was no main effect of eye (F(2,484) = 1.421, p = 0.65) and no interaction effect
of condition and eye (F(2,484) = 0.946, p = 0.43); that is, pupil dilation was not
affected by eye location. Moreover, since healthy people have equal pupils (isocoria),
a correlation must be observed between left and right pupil sizes. Correlation analysis
revealed a statistically significant correlation (r = 0.936, p < 0.0001) between left and
right pupil sizes and thus data from left and right pupils were averaged for each subject
in order to use in further analysis.

4.4.2.4 Task-related pupillary responses of female participants

A 2 (condition: control, experimental) x 7 (emotional expression: afraid, angry,
disgust, happy, neutral, sad, surprised) ANOVA on pupil diameter was performed for
female participants in order to find whether there is an effect of oxytocin and/or
emotional expression of the face presented on pupil dilation.

In female subjects, analysis showed that there is a main effect of the application of
oxytocin (F(1,11) = 31.563, p < 0.0001). However, there is no main effect of emotional
expression of the face presented to the participant (F(6,66) = 1.476, p = 0.2) and no
interaction effect of condition and emotional expression (F(6,66) = 0.293, p = 0.938).

In terms of condition main effect, the female participants receiving oxytocin (M =

0.254, S.E. = 0.017) showed smaller pupil diameter changes compared to the female
participants receiving placebo (M = 0.331, S.E. = 0.022).
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Figure 4.25 Pupil diameter changes in both oxytocin and placebo groups (female
participants). (Error bars represent standard error)
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Figure 4.26 Pupil diameter changes of female participants in both oxytocin and
placebo groups. (x axis: each data point corresponds to 1/60 seconds, y axis: pupil

diameter difference from baseline in mm)

Table 4.11 Pupil diameter changes during emotion recognition task

(female participants in oxytocin group).

Afraid | Angry | Disgust | Happy | Neutral Sad | Surprised
Mean 0.242 | 0.256 | 0.274 | 0.240 0.268 0.267 0.231
Std. Error | 0.014 | 0.016 | 0.021 | 0.013 0.026 0.012 0.016
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Table 4.12 Pupil diameter changes during emotion recognition task
(female participants in placebo group).

Afraid | Angry | Disgust | Happy | Neutral Sad | Surprised
Mean 0.336 | 0.341 | 0.349 | 0.321 0.314 0.351 0.304
Std. Error | 0.022 | 0.018 | 0.019 | 0.019 0.021 0.03 0.027

4.5 Difference between task-related pupillary responses in response to neutral
faces

Since the faces with neutral expression were used in both phases of the experiment, a
2 (condition: oxytocin, placebo) x 2 (task: trustworthiness, emotional recognition)
ANOVA was applied in order to assess any possible effect of task requirements on
pupil dilation. In this test, data from both genders are merged. In terms of condition,
we found no statistically significant effect of oxytocin (F(1,11) = 3.225, p = 0.064) and
no significant interaction effect of condition and experimental task (F(2,22) = 1.941,
p = 0.143). However, in terms of task type, there was a significant effect of task on
pupil dilation (F(1,11) = 7.871, p = 0.012). The pupil diameter change in response to
neutral faces in trustworthiness task (M =0.397, S.E. = 0.033) is higher than the change
in the emotional recognition task (M = 0.301, S.E. = 0.019).
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Figure 4.27 Pupil diameter change in response to neutral faces during both
trustworthiness and emotion recognition tasks. (Error bars represent standard error)
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Figure 4.28 Pupil diameter changes in response to neutral faces during both
trustworthiness and emotion recognition tasks in both oxytocin and placebo groups.
(x axis: each data point corresponds to 1/60 seconds, y axis: pupil diameter
difference from baseline in mm)
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CHAPTER 5

DISCUSSION

The aim of this thesis was to investigate how oxytocin manipulates the accuracy of
emotion recognition and trustworthiness ratings of the face pictures. Aside from these
behavioral measures, oxytocin also manipulates physiological responses, such as pupil
dilation. Hence, a secondary aim in this study was to investigate possible effects of
oxytocin on the pupil dilation triggered by facial expression recognition and
trustworthiness evaluation.

Since possible sexual dimorphisms of oxytocin in humans were also subject of interest,
data from both genders are analyzed precisely to examine differences. Behavioral data
(trustworthiness ratings and accuracy of emotion recognition) and pupillary responses
(pupil diameter) were recorded on both phases of the experiment while judging
trustworthiness and recognizing facial expressions. In line with the aims of the study
and literature review presented on Chapter 2, there were seven hypotheses (see section
2.7).

At the end of the experiment, hypotheses 1, 2, 4 were confirmed, hypothesis 3, 5 and
6 were supported in male but not female participants. Hypotheses 7, which indicated
gender differences based on oxytocin intake are expected, is supported as seen from
these. For convenience, these hypotheses are listed below, and an overview showing
all results is presented in Table 5.1 (for male participants) and Table 5.2 (for female
participants).

Table 5.1 Results of hypotheses for male participants

Hypothesis Significance Finding

H1, Trustworthiness ratings: OT>PLC p<0.0001 Confirmation

H2, Pupil dilation: U, T > N p<0.0001 Novel finding
(UT>T>N)

H3, Pupil dilation during trustworthiness p=0.053 Novel finding

evaluation: OT>PLC

H4, Accuracy of emotion recognition: OT>PLC | p=0.031 Confirmation

H5, Pupil dilation: ALL>N p=0.02 Confirmation
(H>S)

H6, Pupil dilation: OT>PLC Not significant | Rejection
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Table 5.2 Results of hypotheses for female participants

Hypothesis Significance Finding
H1, Trustworthiness ratings: OT>PLC p<0.0001 Confirmation
H2, Pupil dilation: U, T > N p<0.0001 Novel finding
(UT>T>N)
H3, Pupil dilation during trustworthiness p<0.0001 Novel finding
evaluation: OT>PLC (PLC>0T)
H4, Accuracy of emotion recognition: OT>PLC p<0.0001 Confirmation
H5, Pupil dilation: ALL>N p=0.2 Rejection
H6, Pupil dilation: OT>PLC p<0.0001 Novel finding
(PLC>OT)

Trustworthiness evaluation task

In the current thesis, while evaluating trustworthiness for neutral faces, the participants
receiving oxytocin made more trustworthy ratings compared to the participants
receiving placebo. This result verifies hypothesis 1, and it is consistent with the
literature since it has been reported by many studies that intranasal administration of
oxytocin results in trust and approach-related behaviors (Theodoridou et al., 2009;
Kosfeld et al., 2005; Baumgartner et al., 2008; Mikolajczak, 2010). Theodoridou et al.
(2009) investigated the effect of intranasal oxytocin on judgments of facial
trustworthiness and attractiveness. They found that the ratings of trustworthiness and
attractiveness of male and female target stimuli in raters of both sexes increased upon
OT administration compared to the ratings of control group. Although in that study,
the evaluation of trustworthiness is done in the context of attractiveness and our study
is more associated with social judgements of trustworthiness, our results replicate that
study.

Bar et al. (2006) conducted a study in order to determine the minimum exposure time
needed to decide whether someone was threatening or not. The results showed that
thirty-nine milliseconds was enough to forge a strong impression on threat detection.
Todorov and his team (2006) have also obtained similar results when it came to
determining whether a person was trustworthy or not. Researchers explained that the
detection of reliability of a person is an automatic process, essential to our survival
(Willis and Todorov, 2006). Functional magnetic resonance imaging studies also tend
to confirm that. Researchers have shown that the detection reliability was linked to the
activity of the amygdala, the central control our emotions, especially fear (Winston et
al., 2002). It was found that the more a face was perceived as untrustworthy, the more
the amygdala response was prominant (Winston et al., 2002). Therefore, it can be
concluded that our first impressions would be formed in a “primary” judgment. In
other words, it is very likely that our ability to infer traits from the face just depends
on our ability to recognize emotions. This seems logical, because for a long time,
research has shown that we are able to easily detect the emotions expressed by the
faces, especially fear and anger (Blair et al., 1999; Todorov et al., 2006).
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In addition, although the experiments described herein were conducted on neutral
faces, not reflecting a priori any particular emotional state, the subjects still detected
some emotions. Thus, Oosterhof and Todorov (2009) suggested that a neutral face can
actually have some traits tending to express specific emotions, according to the
orientation of the mouth, or the thickness of the eyebrows. They also present a theory
that recognition of emotional expressions and evaluation of trustworthiness from faces
share a common perceptual basis (Oosterhof and Todorov, 2009). In the light of these
studies, we tried to conduct a study to see whether this theory would be confirmed by
examining pupillary responses. Since researchers suggest that evaluation of
trustworthiness is based on a dimension polarized by emotional valence, we used the
results of studies on the effect of emotional valence on pupil dilation. For example,
Bradley et al. (2008) found that pupil dilation was significantly affected by picture
emotionality. When participants viewed emotional pictures compared to neutral
pictures, there was a significant increase in pupil dilation. From another point of view,
it is known that pupil dilation is observed due to approach-related behavior (Wiseman
and Watt, 2010). Thus, we also expect that pupil dilation would be higher in response
to trustworthy faces since trust behavior is an example of approach-related behavior.
On the other hand, due to activation of avoidance mechanism by untrustworthy
evaluation, greater pupil dilation might be observed in response to untrustworthy faces.
Since there is no research investigating the relationship between pupil dilation and
trustworthiness, it was hard to precisely determine expectations. Based on the studies
investigating the effect of emotionality on pupillary responses, we mainly
hypothesized (the hypothesis 2) that pupil diameter changes in response to both
trustworthy and untrustworthy faces would be higher than pupil diameter changes in
response to neutral faces. It is found that pupil diameter changes in response to
untrustworthy faces are the largest, and the smallest pupil diameter changes is found
in response to neutral faces, verifying the hypothesis 2. To the best of our knowledge,
this is a novel finding, which complements the literature in emotionality,
trustworthiness and pupil dilation response.

Higher pupil dilations for untrustworthy faces might be linked to arousal as a part of
survival mechanisms. Many of our movements and our actions are a legacy that has
been built through our evolution. These reflex reactions have been acquired over
thousands of years and humans have learned to develop in particular in relation to its
survival. These instinctive responses are now stored in one specific spot in the brain
called the limbic system. It's like a survival kit that comes to every human being from
birth. These reactions appear faced with a danger or threat. One of the most prominent
reactions is called fight-or-flight response.

Fight-or-flight response is a reaction that most importantly appear when faced with a
danger or threat (Cannon, 1932). This response mainly controls the activation of
sympathetic nervous system. The primary role of this system is to activate
physiological changes such as increase in heart rate and dilation of pupil. In fact, this
response is the alarm signal composed of activities of many hormones. These
hormones are mainly epinephrine, norepinephrine and cortisol, produced by adrenal
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gland to let organism adapt a behaviour against the situation that is threat to its survival
(Weiss, 1945; Fujiwara, Cherrington, Neal, & McGuinness, 1996). It is also known
that cortisol is released in response to stress in everyday life. The recent studies show
that cortisol and oxytocin oppose each other. When a person is faced with a stressful
condition, firstly secretion of cortisol begins. However, to control homeostasis and
keep the organism balanced, release of oxytocin also increases (Heinrichs,
Baumgartner, Kirschbaum, & Ehlert, 2003).

The release of these regulatory hormones allows the organism to cope with “predators”
which can be a wild beast or some unknown animal producing dangerous signals. In
our study, the dangerous signals can be seen as facial features of a person rated as
untrustworthy. Therefore it can be argued that seeing an untrustworthy face and
thinking about asking her/him for an address in an unknown town is enough to produce
a fight-or-flight response.

In our study, the male participants receiving intranasal oxytocin showed larger pupil
diameter changes compared to the male participants receiving intranasal oxytocin
during trustworthiness evaluation. In the literature, there are two studies investigating
the effect of intranasal oxytocin on pupillary responses of male participants during
facial expression recognition tasks (Leknes et al., 2012; Prehn et al., 2013). The results
of these studies suggest that oxytocin has an effect on pupil dilation in male
participants. On the other hand, the female participants in oxytocin group showed
smaller pupil diameter changes compared to the female participants in the placebo
group during trustworthiness evaluation. Since there is no study investigating the effect
of intranasal oxytocin on pupillary responses of female participants, this is the first
study suggesting that oxytocin has a gender related effect on pupillary responses.

Facial expression recognition task

Participants receiving oxytocin recognized emotions expressed by faces more
accurately compared to the participants receiving placebo. This result verifies
hypothesis 4, and it is consistent with the literature since it has been reported by many
studies that intranasal administration of oxytocin improves the ability to recognize
facial expressions (Guastella et al., 2009, 2010; Domes et al., 2007b; Di Simplico et
al., 2009).

In this study, faces expressing all six basic emotions and faces with a neutral
expression are used as stimuli. Previous studies on pupil dilation showed that when
people view pleasant and attention-requiring (arousing) pictures compared to neutral
pictures, an increase in pupil size is observed (Hess and Polt, 1960). Further research
on this area revealed that not only pleasant pictures with a positive emotional
characteristic but also unpleasant pictures with high arousal result in larger pupil size
(Bradley et al., 2008). However, the studies cited above did not use any facial
expression as visual stimuli, so that their results do not represent the mechanisms
modulated by processing of facial stimuli. Nevertheless, the study of Hepsomali
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(2013) showed that pupil diameter changes was found larger in response to highly
arousing facial stimuli (angry and surprised faces) compared to neutral faces.

In the literature, there is no study investigating pupil size during processing of
emotions expressed by faces in a facial expression recognition task. Although
Schrammel et al. (2009) investigated the influence of facial expression on attention
allocation and physiological arousal by measuring pupil size, the subjects were
presented virtual characters instead of real facial stimuli and were not asked to identify
emotion. Nevertheless, the result indicated no effect of emotion on pupil dilation.
Another study by Kret et al. (2013) used whole body stimuli while measuring
physiological responses in a facial expression recognition task. In the experiment, the
subjects viewed emotionally congruent and incongruent face-body pairs while pupil
size were recorded. The results showed that observing an angry person evoked greater
pupil dilation than fearful or happy person while there was no difference between fear
and happiness. There are also other studies that try to investigate the effect of
emotional processing on pupillary responses of different subject groups (infants, older
people, and patient groups) in various experimental tasks. All these studies suggest
that there is no consensus differential effects of emotions expressed by faces on
pupillary responses. Thus based on the literature on the effects of general emotion
processing on pupil dilation, we expected larger pupil diameters in response to all
emotional expressions compared to neutral faces (hypothesis 5). However, this
hypothesis was only confirmed partially in male participants (i.e., the male participants
showed significantly larger pupil diameter changes in response to happy faces
compared to sad faces) while it is not supported by the pupillary responses of female
participants.

This result indicates that although attention demand of happy and sad faces in terms
of emotional polarity (i.e., positive-negative valence) seems similar, there might be
differences in arousal states of individuals in response to these two emotional
expressions since there is a significant difference between pupillary responses.
Furthermore, this difference is not observed in the female participants. Since the
studies investigating pupillary responses in response to visual stimuli (Janisse, 1974;
Bradley et al., 2008) did not use facial stimuli with emotional expressions, their result
might not reflect the specific situation in processing of facial expressions. In addition,
all six basic emotions and neutral expression were used in that study. A lack of
difference in response to different emotions may also reflect limitations in larger
stimuli group.

In our study, the male participants receiving intranasal oxytocin showed larger pupil
diameter changes compared to the male participants receiving intranasal oxytocin
during facial expression recognition task, replicating the literature (Leknes et al., 2012;
Prehn et al., 2013). On the contrary, the female participants in oxytocin group showed
smaller pupil diameter changes compared to the female participants in the placebo
group during facial expression recognition task. Since there is no study investigating
the effect of intranasal oxytocin on pupillary responses of female participants, this is
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the first study suggesting that oxytocin has a gender related effect on pupillary
responses. This gender-related finding is discussed below.

Gender-related findings

Possible sexual dimorphisms of oxytocin in humans were of interest as hypothesized
in hypothesis 7. In the current study, in male participants, the intranasal administration
of oxytocin resulted in larger pupil diameters in line with previous studies (Leknes et
al., 2012; Prehn et al., 2013). On the contrary, the intranasal administration of oxytocin
resulted in smaller pupil diameters in female participants. Since there is no study in
the literature which investigated pupil responses in female participants, it is hard to
justify this finding.

In previous studies, it is reported that intranasal oxytocin intake affects the
physiological responses of female and male subject differently. (i.e., it is related to
sympathetic arousal in males but parasympathetic activation in females) (Hoge et al.,
2014; Lynn et al., 2014; Domes et al., 2010; Lischke et al. 2012). Therefore, this result
confirms the hypothesis 7: the intranasal oxytocin affected both genders differently.

The effect of task context on pupillary responses

It is crucial to note that during trustworthiness evaluation and facial expression
recognition, arousal levels of participants are observed to be different. In other words,
in the trustworthiness task compared to facial expression recognition, the participants
receiving oxytocin/placebo showed larger pupil diameter changes suggesting that the
pupil size is affected by not only visual stimuli but also by the context of the
experimental task.

One of the reason behind context-dependent pupillary changes might be explained in
terms of evolutionary approaches. Task-evoked pupillary responses are a reliable
index of cognitive demands and information-processing loads. The larger pupil
diameter changes are found in response to increased cognitive processing demands
during different experimental tasks such as a digit span recall task (Granholm,
Asarnow, Sarkin, & Dykes, 1996; Cabestrero, Crespo, & Quirds, 2009) and lexical
translation task (Hyond, Tommola, & Alaja, 1995). In our study, we mainly used two
different experimental tasks: trustworthiness evaluation and facial expression
recognition. In everyday life, since we are exposed to emotions expressed by faces,
people tend to get used to recognize facial expressions in order to develop an
appropriate reaction. However, although trustworthiness evaluation is evolutionary
significant, this cognitive evaluation seems out of favour in modern times. Therefore,
trustworthiness evaluation which requires more cognitive demands results in larger
pupil diameter changes.
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Limitations and future work

Although this study aims to control many variables, there are still some limitations
concerning selected stimuli and data analyses. First of all, visual stimuli are selected
from an optimized and well-studied database (KDEF), but the subjects participated in
the study might not be familiar with this type of faces. Secondly, the data analysis is
done by extracting only peak pupil diameter from the entire pupil time series during
passive viewing.

While selecting subjects, different questionnaires such as Toronto Alexithymia Scale
(Baghby, Parker, & Taylor, 1994) may also be used to control for psychopathological
symptoms in identification and recognition of emotions to guarantee that the subjects
are capable in processing facial stimuli.

In addition, regression slope, polynomial functions or mean square error may be used
to analyze pupil diameters to conduct a more detailed analysis of pupillary responses.
Finally, fixation patterns and durations can be evaluated in sub-regions of the face to
investigate possible effects of intranasal oxytocin on eye gaze and fixation patterns.
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CHAPTER 6

CONCLUSION

In this thesis, we investigated the possible effects of intranasal oxytocin administration
on trustworthiness evaluation, facial expression recognition and task-evoked pupillary
responses. In addition, sexually dimorphic effects of intranasal oxytocin intake on
males and females are also our subject of interest. For these purposes, we conducted
an eye-tracking study and recorded pupillary responses as well as behavioral data.

During trustworthiness evaluation, we presented only neutral facial expressions as
stimuli. The participants in oxytocin group rated neutral faces as more trustworthy
compared to the participants in placebo group, replicating the literature (Theodoridou
et al., 2009). Moreover, the participants rated the faces of the opposite sex as more
trustworthy in both oxytocin and placebo group, suggesting that trustworthiness
evaluation seems to be driven by evolutionary forces (i.e., selection of partner of
opposite sex) which may dominate other possible effects.

In terms of pupil dilation, regardless of whether participants received oxytocin or
placebo, and regardless of gender, largest pupil diameters were observed during
subjective evaluations in which participants classified faces as untrustworthy
compared to trustworthy and neutral. In addition, pupil diameters were also larger
during subjective evaluations in which participants classified faces as trustworthy
compared to neutral. Furthermore, the male participants in oxytocin group showed
larger pupil diameter changes compared to the male participants in placebo group,
replicating the literature (Leknes et al., 2012; Prehn et al., 2013). On the contrary, the
administration of intranasal oxytocin resulted in smaller pupil diameter changes in the
female participants, exhibiting a gender related physiological difference which needs
to be investigated in the future.

During facial expression recognition, we presented all six basic emotions as stimuli.
This is a strength of our study because in the literature, most studies investigate only
a subset of facial expressions (such as pleasant or unpleasant). In this task, the
participants in oxytocin group recognized emotional facial expressions more
accurately than the participants in placebo group, replicating the literature (Shamay-
Tsoory et al., 2009; Van ljzendoorn & Bakermans-Kranenburg, 2011, Shahrestani,
Kemp, & Guastella, 2013). There was no difference in males in terms of recognition
accuracy for individual emotions. However, for females, the effect of intranasal
oxytocin was most prominently seen in response to faces expressing disgust and
surprise. In terms of pupillary responses, it is observed that the male participants in
oxytocin group showed larger pupil diameter changes compared to the male
participants in placebo group, replicating the literature. On the contrary, in line with
the results reported for the trustworthiness task above, the administration of intranasal
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oxytocin resulted in smaller pupil diameter changes in the female participants. Such
sexual dimorpihsms of oxytocin intake should definitely be investigated further.

Our experiment design allowed for comparison of task dependent responses. We found
that for neutral face pictures, in the trustworthiness task, the participants showed larger
pupil diameter changes compared to facial expression recognition task. This suggests
that the pupil size is not only affected by visual stimuli but it is also dependent on the
context of the experimental task. When lined up with the suggestions of previous
studies (Granholm et al.2007; Cabestrero et al., 2009; Hyona et al., 1995), our finding
is complements the literature.

To summarize, it can be said that the application of intranasal oxytocin resulted in an
increase in the trusting behavior and in accuracy of emotion recognition in both male
and female participants. Males receiving intranasal oxytocin showed larger pupil
diameter changes whereas the reverse situation was observed in females, suggesting
possible sexually dimorphic effects of oxytocin, probably related to endogenous
hormone levels and/or physiological differences across genders. After independent of
application of intranasal oxytocin/placebo, the pupil diameter changes of the
participants during trustworthiness evaluation were found as follows: in response to
untrustworthy faces > trustworthy faces > neutral faces.

These results verify our current knowledge regarding oxytocin’s crucial role in trusting
behavior, social cognition and emotion recognition in humans.

To the best of our knowledge, this is the first study that investigates the relationship
between subjective evaluation of trustworthiness and task-evoked pupillary responses,
the effect of intranasal oxytocin on trustworthiness evaluation and facial expression
recognition in both males and females along with physiological responses such as pupil
diameter changes. Furthermore, the effect of intranasal oxytocin on pupillary
responses is examined in females for the first time. Our finding on trustworthiness is
a significant contribution to the literature which might open new research questions
regarding the pivotal role of oxytocin in pro-social behavior.
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APPENDICES

APPENDIX A: BRAIN REGIONS INVOLVED IN FACE RECOGNITION

The visual system

To perceive a visual stimulus begins with the arrival of the photons reflected by the
stimulus on the retina. These photons activate the photoreceptor cells of the retina
ensuring transduction of light information into nerve messages. The retina is made up
of different types of photoreceptor cells (i.e., bipolar, ganglion, amacrine cells) and
photoreceptors called rods and cones.

Each photoreceptor has its own sensitivity to light. The rods (about 120 million cells)
are very sensitive to light. Their activity is often saturated in normal illumination
condition. Because of this high sensitivity, they rather participate in the night vision.
On the other hand, the cones (about 5 million cells) have a lower sensitivity and
therefore participate more in daytime vision, when the brightness is normal. The cones
have a different spectral sensitivity than the rods, allowing them to participate in color
vision while the rods are involved in only an achromatic (black and white) vision. The
distribution of photoreceptors is not uniform. The concentration of the cones is
maximum at the center of the retina, called the fovea, allowing a precise and significant
vision in the center of the visual field. The further away from the fovea, the number of
cones decreases, and consequently, the visual acuity gets low.

Each photoreceptor encodes a specific point of the visual field and the visual
information is then transmitted to ganglion cells. The ganglion cells which receive
inputs from several nerve cells, integrate the information from the photoreceptors. The
photoreceptor has a smaller receptive field, while the ganglion cells that will be
activated by many photoreceptors have a larger receptive field.

The ganglion cells, whose axons form the optic nerve, generate the action potentials
propagating towards the lateral geniculate nucleus (LGN). In the LGN, two types of
cell layers were identified: four parvocellular layers that receive inputs from the P-type
ganglion cell and two magnocellular layers that receive the information transmitted by
M-type cells. The parvocellular system is involved in the discrimination of form and
color whereas the magnocellular system is involved in detection of motion. Then, the
information processed at the LGN is transmitted to the primary visual cortex (V1). V1
(area 17 according to the architecture described by Brodmann) is located on the
internal surface of the occipital lobe of each hemisphere, within the calcarine fissure.
It is called striate cortex because of its particular cell architecture.

Furthermore, V1 is organized in a retinotopic fashion. In other words, there is a
“topographic map” built point by point via using the visual field from information
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received from the ganglion cells. A partial decussation of sensory fibers in the optic
chiasm is found between the retina and the LGN. Therefore, the information from
ganglion cells comes from one visual hemifield.

Brain areas involved in face recognition

The first hypotheses concerning the location of specific brain regions activated in the
processing of faces emanate from case studies of brain-damaged patients.

For example, data from neuropsychology have shown that prosopagnosics patients
which are unable to recognize faces at the individual level have lesions in the posterior
regions (ventral occipito-temporal regions including in particular the lingual gyrus, the
fusiform gyrus and parahippocampal cortex) (De Renzi, Perani, Carlesimo, Silveri, &
Fazio, 1994). On the contrary, people with agnosia which is loss of the concept of the
person, rather have more anterior lesions including temporal gyrus and medial
temporal structures (Joubert et al., 2003, 2006; Gainotti, Barbier, & Marra, 2003).

Brain imaging techniques such as functional magnetic resonance imaging (fMRI) or
positron emission tomography (PET) have helped better define these different brain
regions. A broad network of brain regions gets activated specifically in response to
faces compared to other categories of objects (Sergent, Ohta, & MacDonald, 1992;
Halgren et al., 1999; Haxby et al., 1999; Gauthier, Skudlarski, Gore, & Anderson,
2000; Rossion et al., 2000).

The hypothesis of the existence of a broad network of brain areas was confirmed by
fMRI studies conducted in monkeys. Indeed, Tsao, Moeller, & Freiwald (2008)
identified a wide network of specialized brain areas in face processing. It even seems
that these regions are largely interconnected forming a hierarchically organized
network (Moeller, Freiwald, & Tsao, 2008).

In humans, three main areas have been reported: (1) the fusiform face area (FFA)
located at the junction of the occipital lobe and the inferior temporal lobe, at the
fusiform gyrus, (2) the occipital face area (OFA) located at the inferior occipital gyrus
(Kanwisher, McDermott, & Chun, 1997; Gauthier et al., 2000), and (3) the posterior
superior temporal sulcus (STS) (Haxby et al., 1999; Weiner & Grill-Spector, 2010).

Some authors have questioned the organization of these three regions and whether the
mechanisms involved in face processing was conducted in a purely feed-forward
pattern as suggested by the hierarchical organization of the ventral visual pathway. To
test this hypothesis, Rossion et al. (2003) report a case of a prosopagnosic patient
which has a lesion in the OFA but has a preserved FFA. Conducting a study using
fMRI, the authors show that the FFA of the patient is activated during the presentation
of face stimuli and in the absence of any information from the OFA. This study
suggests that the integrity of the OFA is necessary for normal face processing and the
feedback connections from the FFA would properly handle faces.
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In this sense, a meta-analysis by Bouvier & Engel (2006) reported 92 cases of patients
with achromatopsia, which is loss of the color vision, have lesions in the ventral
occipital cortex. The authors use patients with prosopagnosia reported in the literature
as control lesions. Interestingly and completely independently of Rossion et al. (2003),
the authors report that the regions affected in all prosopagnosics patients are located at
the OFA and not in the FFA.

Apart from the comparison of the category of the faces with other categories of objects,
several fMRI studies tried to evaluate the representation of different facial features and
in particular the coding of identity. A study conducted by Rotshtein, Henson, Treves,
Driver, & Dolan (2005), shows that certain brain regions are involved in the processing
of the physical characteristics of the image while others seem to have a role in the
processing of selective identity. The analysis of the blood oxygenation level dependent
(BOLD) signal shows that the inferior occipital gyrus is selective to the physical
characteristics of the image. On the contrary, the fusiform gyrus is selective to identity
and its hemodynamic response is modulated only when the identity is different,
independently of the physical characteristics of the image.

In addition, the subjects performed a familiarity judgment on the different personalities
presented in order to investigate the possible correlation between the BOLD activity
in the whole brain and the strength of familiarity. Thus, the researchers demonstrate a
strong correlation between the level of familiarity and the activity in the anterior
temporal regions (hippocampus and anterior temporal gyrus).

This study suggests in a hierarchical processing of faces where the inferior occipital
gyrus is involved in the processing of the physical properties of the image, the FFA
have a crucial role in the processing of identity. Also, the structures located in the more
anterior regions of temporal lobe are involved in the processing of long-term
familiarity.

However, this finding is controversial. For example, another study of fMRI conducted
by Kriegeskorte, Formisano, Sorger, & Goebel (2007) suggests that the
individualization of the face would be carried out both at the level of FFA and in the
anterior part of inferior-temporal cortex. The latter region is thought to produce a
different pattern depending on the identity.

Furthermore, another fMRI study conducted by Ishai, Haxby, & Ungerleider (2002)
addresses the issue of mental imagery of faces. The authors show that a wide range of
brain regions, including the FFA, the OFA, the STS and the amygdala, is activated
when the famous faces are shown. Interestingly, when the participants were asked to
imagine the famous faces, other regions in addition to the aforementioned regions are
activated. Indeed, the authors report activation of the hippocampus, the precuneus, the
intraparietal sulcus and the inferior frontal gyrus during this imaging task.

87



Finally, although the role of these regions is not yet clear, it appears that the processing
of familiar faces is underpinned by a broad network of brain areas (Haxby, Hoffman,
& Gobbini, 2000; Ishai, 2008) .

Moreover, studies using intracranial recordings have confirmed the distributed nature
of brain regions involved in face processing. In a study conducted by Allison, Puce,
Spencer, & McCarthy (1999), the recordings from grid electrodes implanted in the
ventral occipital-temporal cortex of epileptic patients (in the diagnosis of their severe
refractory epilepsy) confirmed the involvement of the occipital-temporal cortex in face
processing.

Similarly, in a recent study conducted by Parvizi et al. (2012) addressed the question
of the role of the fusiform gyrus in face perception in epileptic patients implanted with
subdural electrodes in the temporal lobe. In this study, the researchers combine three
neuroimaging techniques; electrocorticography, fMRI and brain electrical stimulation.
Using fTMRI, they identify two selective regions previously reported selective to faces
that are the FFA and the OFA. The recording of the electrophysiological signal in the
FFA, indeed shows a selective activity to faces. In addition, when the electrodes in
these regions were stimulated, the patients reported that the faces of people in the room
were “transformed”. On the contrary, this stimulation did not disturb the perception of
objects or the process of naming famous people. Therefore, this study using a
multimodal approach provides converging data on the specificity of the fusiform gyrus
in face perception.
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APPENDIX B: STRUCTURES INVOLVED IN RECOGNITION OF FACIAL
EXPRESSIONS

The amygdala

The role of amygdala in emotional processing is complex. This functional complexity
of the amygdala is linked to its structure which is consisted of various groups of cores
and multiple connections. The perceptual representation of stimuli from the visual
cortex seems to penetrate through the lateral nuclei, while the central nuclei could send
a signal back to the cortex, brain stem, hippocampus and basal ganglia in order to
modulate cognition and emotional response (Amaral, 2003).

Lesion studies on the human amygdala

The bilateral amygdala lesions induce a deficit in the recognition of the most salient
facial expressions especially fear (Adolphs, Tranel, Damasio, & Damasio, 1994).
However, patients with bilateral amygdala lesions are able to discriminate subtle
changes in the expression even if it is not recognized, indicating that the perceptual
stage is completed (Adolphs et al., 1998). These patients even realize extremely
difficult tasks of visuospatial discrimination (Stark & Squire, 2000). The gender and
age of the faces are also well recognized (Anderson & Phelps, 2001).

The variability of emotions poorly recognized by patients with amygdalar lesions
make any attempt to draw a simple conclusion difficult. While the recognition of fear
is often impaired, some studies emphasize a deficit on the recognition of sadness and
other negative emotions in general (Adolphs, Russell, & Tranel, 1999; Schmolck &
Squire, 2001). The preponderant role of the amygdala in the perception of the most
salient negative emotions gives it a function in the detection of danger and threat
(Adolphs et al., 1999), and consequently in the avoidance behavior (Anderson &
Phelps, 20001). Therefore, it is mainly hypothesized that it would be particularly
useful in reading the social messages from the facial expressions depending on the
expression of fear (Adolphs et al., 2005).

Functional imaging studies on the human amygdala

Both pioneer studies using PET (Morris et al., 1996) and fMRI (Breiter et al., 1996)
showed activation of the amygdala by the presentation of faces expressing fear,
without any special attention being laid on the expression. Regression analysis showed
that the activation of the left amygdala modulates the activity of the occipito-temporal
visual cortex in response to facial expressions (Morris et al., 1996). This specific
modulation on the occipital-temporal cortex disappears when the amygdala is injured
(Vuilleumier, Richardson, Armony, Driver, & Dolan, 2004).

Some studies showed involvement of the amygdala in the recognition of other
expressions. In addition to fearful faces, the recognition of facial expression of
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happiness (Breiter et al., 1996) and sadness (Blair et al., 1999) also induces an increase
in the amygdalar activity. These differences may be related to individual strategies
required for each experiment (Adolphs et al., 2005).

The lateralization of the amygdalar functions is also investigated in various studies
even the results are complicated to come up with a concise conclusion. Morris, Ohman,
& Dolan (1998) suggest that the right amygdala is involved in the processing of
subliminal messages whereas the left amygdala plays a role in the recognition of
stimuli perceived consciously. Other studies suggest that the left amygdala is involved
In processing negative emotions, while the right amygdala does not react differently
depending on the expression (lidaka et al., 2001). It cannot be concluded that a single
amygdala is simply responsible of the recognition of facial expressions. Also, the
actual strategies used by the subjects might not be controlled precisely. Furthermore,
statistical analysis seems crucial to interpret these studies. Recently, a direct
comparison of the two amygdala activities was carried out after presentation of facial
expressions by visual hemifield (Noesselt, Driver, Heinze, & Dolan, 2005). This study
showed a clear preference of the right amygdala to fearful stimuli if it is presented in
the left visual field since its activity is correlated with better performance in detection
of emotions in the same hemifield. Conversely, it seems that the left amygdala prefers
a central presentation of emotional stimuli.

The amygdala should not be considered as the temple of knowledge of emotions but
as a mediator between the perception of emotional stimuli and building knowledge of
the emotional concept. After acquiring “bottom-up” perceptual information, the
amygdala may participate in three ways to the recognition of facial expressions: 1) it
can modulate perceptual representations via retrograde information; 2) it may
participate in the activation of knowledge associated with emotion via its connections
with other regions of the neocortex and hippocampus; 3) it can finally start the process
resulting in an emotional reaction to finalize the conceptual knowledge of every
emotion through simulation or execution of emotional process.

The orbitofrontal cortex

The orbitofrontal cortex, strongly interconnected with the amygdala (Stefanacci &
Amaral, 2002), plays an important role in the analysis of facial expressions. The close
connections between the prefrontal cortex and the temporal cortex are also necessary
for further processing of visual stimuli (Tomita, Ohbayashi, Nakahara, Hasegawa, &
Miyashita, 1999). Patients with orbitofrontal lesions show impaired recognition of
facial expressions, especially fearful stimuli (Hornak et al., 1996). Thus, this region is
involved in both the emotional experience and emotion recognition. Functional
imaging studies have shown activation of left orbitofrontal region during a mental task
of maintaining an expression of happiness (Dolan et al., 1996), and right orbitofrontal
region after the presentation of expression of fear (Vuilleumier, Armony, Driver, &
Dolan, 2001). Studies using transcranial magnetic stimulation (Harmer, Thilo,
Rothwell, & Goodwin, 2001) or PET (Blair et al., 1999) have shown that the prefrontal
areas, especially middle orbitofrontal and anterior cingulate gyrus, are also involved
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in the recognition of anger. Anger and fear induce greater vegetative reactions that
could be triggered by these prefrontal areas at late latency.

The orbitofrontal cortex plays a major social role, especially in the interpersonal
relationship, social cooperation, moral behavior and reactions to social stress
(Damasio, 1994). Developmental psychoses have also been associated with structural
abnormalities of the prefrontal regions (Raine, Lencz, Bihrle, LaCasse, & Colletti,
2000). A deficit in the recognition of facial expressions was also highlighted in groups
of schizophrenic patients (Mandal, Pandey, & Prasad, 1998). The orbitofrontal frontal
structures could play a role in the inhibition of responses to emotional stimuli in a
given social context (Blair, 1995; Phelps, Delgado, Nearing, & LeDoux, 2004).
Abnormal aggressive behaviors could thus be related to a defective inhibition of
subcortical structures such as the amygdala. The orbitofrontal cortex is also activated
during the decision making, the selection response and reward and self-control (Rolls,
2000). Therefor, it seems to play a key role in integration of social messages from the
surrounding world, motivations and their interactions.

The somatosensory and motor cortices

The somatosensory and motor cortices participate in the “construction of knowledge”
by the genesis of the response activation. Patients with a lesion of primary and
secondary somatosensory cortices, and right insula show a significant change in their
capacity for empathy (Adolphs, Damasio, Tranel, Cooper, & Damasio, 2000). These
areas have large capacity to integrate somatotopic body maps.

It is beneficial to recognize emotions in others in order to initiate a proper response.
Recognition of facial expressions can be considered as the perception of an action in
others (Gallese, Keysers, & Rizzolatti, 2004). The motor and somatosensory cortices
are essential in imitation of expressions. But this role could be partly supported by the
basal ganglia and the motor nuclei of brainstem.

The insula

The insular cortex participates in the modulation of the autonomic nervous system
through the connections with the amygdala (Amaral, 2003). In humans, impairment in
the recognition of the facial expression of disgust was demonstrated in patients with
lesion in central insula or a disease involving a wider neural network. Researchers
observed a selective deficiency in a patient with a lesion in the central insula and left
putamen (Calder, Keane, Manes, Antoun, & Young, 2000). This patient had difficulty
not only in recognizing facial expression of disgust, but also in experience of disgust.

The first functional imaging study performed to support the role of the insula in the
recognition of disgust was conducted by Phillips and his team, using faces expressing
fear and disgust in a gender discrimination task (Phillips et al., 1997). These results
were confirmed by other researchers as well (Sprengelmeyer, Rausch, Eysel, &
Przuntek, 1998; Gorno-Tempini et al., 2001).
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These results demonstrate that very central region of the insula is involved in the
recognition of facial expressions in humans. This region of the insula is particularly
interconnected with neural circuits associated with the systems of gustatory, olfactory
and visceral motors. These different networks participate in certain aspects of disgust
as an emotional concept. Another fMRI study by Wicker et al. (2003) confirmed
involvement of the anterior region of the insula in the integration of several aspects of
this emotion. The anterior ventral insula could be a decisive crossroads in the
aggregation of these perceptive aspects, and perhaps has a cognitive function in the
construction of conceptual knowledge of that emotion. This multimodal integration
could help build a conceptual knowledge of disgust.

The basal ganglia

The lesions of the basal ganglia, especially on the right hemisphere, seem to imply a
deficit in emotion recognition (Cancelliere & Kertesz, 1990). Functional imaging
studies showed an activation in the right basal ganglia in response to the expressions
of happiness, fear (Morris et al., 1996) and sadness (Phillips et al., 1998). The ventral
striatum is particularly involved in the recognition of stimuli with aggressiveness,
particularly the expression of anger (Calder, Keane, Lawrence, & Manes, 2004).

Three diseases involving the basal ganglia were explored: obsessive-compulsive
disorder (OCD), Parkinson’s disease and Huntington’s disease. Patients with OCD
have difficulty in recognition of the expression of disgust (Sprengelmeyer et al., 1997).
There also seems to be a deficit in the recognition of certain facial expressions (e.g.,
disgust, fear) in Parkinson’s disease (Sprengelmeyer et al., 2003). The impairments in
the recognition of facial expressions with disgust have also been demonstrated in
patients with Huntington’s disease (Sprengelmeyer et al., 1996), but these results have
not been confirmed. Recognition of anger and aggressive stimuli in general could be
more deficient in this disease.

It is likely that the basal ganglia are a part of a network including the insula, and
orbitofrontal cortex, involved in the processing of disgust and aggressive stimuli.
These observations highlight the close relationship between emotional experience,
production (motor) of facial expressions and recognition of these facial expressions.

The ventral (Everitt et al., 1999) and posterior (Han, McMahan, Holland, & Gallagher,
1997) basal ganglia are intimately connected with the amygdala. The connections with
the prefrontal cortex, especially the orbitofrontal cortex, are also important (Eblen &
Graybiel, 1995). The ventral regions appear involved in the motivational aspects
related to the attractiveness of faces (Kampe, Frith, Dolan, & Frith, 2001). Relations
between orbitofrontal cortex, ventral striatum and amygdala are highlighted in
decision making, reward and phenomena of drug addiction (Everitt et al., 1999). This
network of striatum and amygdala could introduce elementary notions of
reward/punishment in these structures, primarily in the orbitofrontal cortex which has
a primary role in the social context and motivations.
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Aversive emotional stimuli are good candidates for early subcortical processing since
they do not necessarily access the level of consciousness. They preferentially occur in
the periphery of the visual field. A route through the superior colliculus, the pulvinar
nuclei and amygdala might be particularly involved in the rapid processing of
emotional visual stimuli requiring urgent behavioral response. This type of
organization is known for the auditory system. Indeed, in rats, the thalamo-amygdala
pathway seems sufficient to process the tonal stimuli in fear conditioning, while
complex stimuli also conditions the fear must be processed by the auditory cortex
(LeDoux, 1996). For visual stimuli, the thalamo-amygdala pathway has been described
in monkeys. It receives information from the superior colliculus which projects on the
lateral, anterior and inferior pulvinar nuclei (Robinson & Petersen, 1992). Pulvinar
nuclei also receive direct retinal afferent information (O’Brien, Abel, & Olavarria,
2001). It projects on the amygdala by monosynaptic pathway (Robinson & Petersen,
1992) and this path deals with mainly magnocellular information (Lomber, 2002).

All these data suggest a relatively automatic processing of facial expressions in the
amygdala, modulated by prefrontal structures depending on the context and
motivations. Electrophysiological alterations located in the amygdala may be inhibited
by the electrical stimulation of the medial prefrontal cortex (Zbrozyna, & Westwood,
1991). This can be attributed to the influence of modulating prefrontal projections and
controlling sensory stimuli received from the basolateral amygdala region
(Rosenkranz, Moore, & Grace, 2003; Phelps et al., 2004).

Thus, the amygdala can be engaged on two routes and therefore at least two different
roles in the processing of emotional stimuli: 1) early and by an automatic thalamo-
amygdala path, particularly involved in very specific conditions. Its main function
would be warning and triggering a cascade of hormonal and neuro-cognitive body
modification for the rapid response to danger; 2) later (after the first cortical responses
to faces) and by a cortical pathway to a more complete judgment of the emotional
stimuli. It would operate through a retrograde neuromodulation to extract the
parameters needed to interpret the emotional expression of the face.
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APPENDIX C: INTRANASAL ADMINISTRATION

In recent years, the interest in the intranasal drug delivery has increased. The nasal
mucosa has many advantages as a route for administration of pharmaceuticals. It is
easily accessible ensuring good drug availability and enables rapid onset of action. In
addition, the intranasal administration prevents the degradation of the active ingredient
In the gastrointestinal tract and in the liver. The intranasal route is suitable for the local
and systemic therapy and for the treatment of diseases in the brain.

Overview and importance of the intranasal application

The blood-brain barrier is one of the most stringent barriers for drug delivery
(Pardridge, 2005; Talegaonkar & Mishra, 2004). The intranasal application provides
the ability to substances, bypassing through the blood brain barrier into the brain tissue
(Talegaonkar & Mishra, 2004; Hanson & Frey Il, 2008), and has been used as
administration tool for various active ingredients in the animal models and in humans
in recent years (Illum, 2004).

Also as a non-invasive application technique for rapid systemic substance uptake in
the blood, the subsequent absorption of subtances from there to the brain is shown in
several studies (Gizurarson, Gudbrandsson, Jonsson, & Bechgaard, 1999; Lindhardt,
Olafsson, Gizurarson, & Bechgaard, 2002). Nasal cavity and brain are connected to
each other via the trigeminal nerve and olfactory nerve. This results in the ability of
the substance transportation from the nasal cavity to the brain (Talegaonkar & Mishra,
2004; Hanson & Frey 11, 2002). In anatomical studies of the nasal cavity in connection
with the transfer of pathogens from the nose into the central nervous system (Le Gros
Clark, 1929; Faber, 1937; Holl, 1980), it was shown that various dyes migrated from
nasal epithelium in the brain.

Structure of the nasal epithelium

The nasal epithelium mainly consists of four cell types (Gizurarson, Bechgaard, &
Hjortkjeer, 2006): 1) Ciliary cells whose main function is to transport by wavelike
motions of the cilia to the mucus toward the pharynx; 2) Goblet cells that secrete mucus
which is renewed every 10 to 15 min (Vyas, Shahiwala, Marathe, & Misra, 2005); 2)
Basal cells, so-called replacement cells, that mount the basement membrane and do
not contact with the nasal lumina; 4) Columnar cells whose function is rapid fluid
transport.

Occasionally, non-epithelial cells such as inflammatory cells are found in the nasal
epithelium. The theoretical half-life of mucosal clearance in humans is 15 minutes
(Vyas et al, 2005). In humans, the major part of the nasal cavity (approximately 92%)
is responsible for respiratory functions and a small proportion (8%) is associated with
olfactory system (Merkus, Romeijn, Verhoef, Merkus, & Schouwenburg, 2001; Vyas
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et al., 2005). In the rat, the percentage of respiratory and olfactory epithelium is found
at approximately 50% (Merkus et al., 2001).

The epithelial cells of the nasal mucosa are interconnected via tight junctions (Vyas et
al., 2005). The mucosa is in spatial communication with the subarachnoid space
(Thorne & Frey 11, 2001). Since the cerebrospinal fluid (CSF) therein flows around the
axon bundles of the olfactory nerve, the trigeminal nerve and the brain; the nose leads
the CSF in the nasal lymphatics (Hanson & Frey 11, 2002). Therefore, the olfactory
epithelium is the portal of entry for substances from the nose into the brain or the CSF
(Vyas et al., 2005).

Neural transportion routes

Basically, there are two pathways from nasal cavity to the brain: intraneuronal and
extraneuronal pathways (Hanson & Frey 1, 2002; Vyas et al., 2005). As a passive way
of transportation, the intraneuronal transport which takes place in the axons of the
olfactory nerve and the trigeminal nerve is slow. It may take up to hours and days for
the substances to reach certain brain regions (Hanson & Frey Il, 2002). The
extraneuronal transport includes the substance passing through the mucosa and the
underlying tissues into the CSF-stuffed subarachnoid space or directly into the brain
parenchyma by the help of perineural channels (Hanson & Frey 1l, 2002; Mathison,
Nagilla, & Kompella, 1998; Thorne and Frey Il, 2001). Lipophilic substances can be
taken extraneuronally by receptor-mediated endocytosis, diffusion or transcytosis via
carrier vesicles in the subarachnoid space (Vyas et al., 2005). The extraneuronal
transportation of hydrophilic substances from the mucosa into the CSF is slowly done
by passive paracellular transportation via the tight junctions (Vyas et al., 2005). This
form of extraneuronal transportation is positively correlated with the hydrophilic
property and the molecular weight of substances (Vyas et al., 2005).

Factors influencing the effectiveness of intranasal administration

Chemical properties of a substance and the method of the application have a strong
influence on whether how quickly and in what quantity substances enter from the nasal
cavity into the central nervous system or the CSF by extraneuronal or intraneuronal
pathways. Sakane et al. (1995) found that an increase in molecular weight is negatively
correlated with the transport efficiency. The data shows that molecules up to a size of
2 kDa can be transported from the nasal cavity into the CSF (Sakane et al., 1995).
Furthermore, the transportation efficiency of substances is positively correlated with
the lipophilicity of the substances (Sakane et al., 1991). The transport is also affected
by the degree of ionization (e.g., undissociated substances are better transported)
(Sakane et al., 1994).

Other factors influencing the effectiveness of transportation are the physiological
conditions of the nasal cavity. Thus, the ciliary cells of the respiratory epithelium are
a limiting factor for the retention of the administered substance on the mucosa
(Barakat, Omar, & Ahmed, 2006). The use of mucoadhesive carriers, such as cellulose,
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dextran, chitosan or polymers, can prolong the retention time of the substances on the
nasal mucosa and as a result increase the amount intake (Illum, Jorgensen, Bisgaard,
Krogsgaard, & Rossing, 2002; Ugwoke, Verbeke, & Kinget, 2001; Vyas, Babbar,
Sharma, Singh, & Misra, 2006).

Also, location of the substance delivery, administered volume and positioning of the
animal during application influence the transportation (Gizurarson et al., 2006). Since
the nasal feeding capacity is limited, the solubility of substances is a limiting factor for
the intranasal application (Gizurarson et al., 2006).
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APPENDIX D: BECK DEPRESSION INVENTORY

Asagida, kisilerin ruh durumlarini ifade ederken kullandiklar1 bazi climleler
verilmistir. Her madde, bir ¢esit ruh durumunu anlatmaktadir. Her maddede o ruh
durumunun derecesini belirleyen 4 secenek vardir. Liitfen bu secenekleri dikkatle
okuyunuz. Son bir hafta igindeki (su an dahil) kendi durumunuzu goéz Oniinde
bulundurarak, size en uygun ifadeyi bulunuz. Daha sonra o maddenin yanindaki harfin
izerine (X) isareti koyunuz.

1. (a) Kendimi {lizgiin hissetmiyorum.
(b) Kendimi {izgiin hissediyorum.
(c) Her zaman i¢in lizgiiniim ve kendimi bu duygudan kurtaramiyorum.
(d) Oylesine iizgiin ve mutsuzum ki dayanamryorum.

2. (a) Gelecekten umutsuz degilim.
(b) Gelecege biraz umutsuz bakiyorum.
(c) Gelecekten bekledigim higbir sey yok.
(d) Benim igin bir gelecek yok ve bu durum diizelmeyecek.

3. (a) Kendimi basarisiz gormiiyorum.
(b) Cevremdeki bircok kisiden daha fazla basarisizliklarim oldu sayilir.
(c) Geriye doniip baktigimda, ¢ok fazla basarisizligimin oldugunu goriiyorum.
(d) Kendimi tiimiiyle basarisiz bir insan olarak gériiyorum.

4. (a) Her seyden eskisi kadar zevk alabiliyorum.
(b) Her seyden eskisi kadar zevk alamiyorum.
(c) Artik hicbir seyden gercek bir zevk alamiyorum.
(d) Bana zevk veren hicbir sey yok. Her sey cok sikici.

5. (a) Kendimi suglu hissetmiyorum.
(b) Arada bir kendimi suclu hissettigim oluyor.
(c) Kendimi ¢ogunlukla suc¢lu hissediyorum.
(d) Kendimi her an i¢in suglu hissediyorum.

6. (a) Cezalandirildigimi diistinmiiyorum.
(b) Baz1 seyler icin cezalandirilabilecegimi hissediyorum.
(c) Cezalandirilmay1 bekliyorum.
(d) Cezalandirildigimi hissediyorum.
7. (a) Kendimden hosnutum.
(b) Kendimden pek hosnut degilim.
(c) Kendimden hi¢ hoslanmiyorum.
(d) Kendimden nefret ediyorum.

99



8. (a) Kendimi diger insanlardan daha kotii gébrmiiyorum.
(b) Kendimi zayifliklarim ve hatalarim igin elestiriyorum.
(c) Kendimi hatalarim i¢in ¢ogu zaman su¢luyorum.

(d) Her kotii olayda kendimi su¢luyorum.

9. (a) Kendimi 6ldiirmek gibi diisiincelerim yok.
(b) Bazen kendimi 6ldiirmeyi diisliniiyorum, fakat bunu yapmam.
(c) Kendimi oldiirebilmeyi isterdim.
(d) Bir firsatin1 bulsam kendimi 6ldiiriirdiim.

10. (a) Her zamankinden daha fazla agladigimi sanmiyorum.
(b) Eskisine gore su siralarda daha fazla agliyorum.
(c) Su siralarda her an agliyorum.
(d) Eskiden aglayabilirdim, ama su siralarda istesem de aglayamiyorum.

11. (a) Her zamankinden daha sinirli degilim.
(b) Her zamankinden daha kolayca sinirleniyor ve kiziyorum.
(c) Cogu zaman sinirliyim.
(d) Eskiden sinirlendigim seylere bile artik sinirlenemiyorum.

12. (a) Diger insanlara kars1 ilgimi kaybetmedim.
(b) Eskisine gore insanlarla daha az ilgiliyim.
(c) Diger insanlara kars1 ilgimin ¢ogunu kaybettim.
(d) Diger insanlara kars1 hi¢ ilgim kalmadi.

13. (a) Kararlarimi eskisi kadar kolay ve rahat verebiliyorum.
(b) Su siralarda kararlarimi vermeyi erteliyorum.
(c) Kararlarimi vermekte oldukca gii¢liik ¢ekiyorum.
(d) Artik hi¢ karar veremiyorum.

14. (a) D1g goriiniisiimiin eskisinden daha kotii oldugunu sanmiyorum.

(b) Yaslandigimi ve ¢ekiciligimi kaybettigimi diigiiniiyor ve {iziiliiyorum.

(c) D1s goriiniisiimde artik degistirilmesi miimkiin olmayan olumsuz degisiklikler
oldugunu hissediyorum.

(d) Cok ¢irkin oldugumu diisiiniiyorum.
15. (a) Eskisi kadar 1yi ¢aligabiliyorum.

(b) Bir ise baglayabilmek icin eskisine gore kendimi daha fazla zorlamam
gerekiyor.

(c) Hangi is olursa olsun, yapabilmek i¢in kendimi ¢ok zorluyorum.

(d) Higbir is yapamiyorum.

16. (a) Eskisi kadar rahat uyuyabiliyorum.
(b) Su siralarda eskisi kadar rahat uyuyamiyorum.
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(c) Eskisine gore 1 veya 2 saat erken uyaniyor ve tekrar uyumakta zorluk
cekiyorum.

(d) Eskisine gore ¢cok erken uyaniyor ve tekrar uyuyamiyorum.
17. (a) Eskisine kiyasla daha ¢abuk yoruldugumu sanmiyorum.

(b) Eskisinden daha ¢abuk yoruluyorum.

(c) Su siralarda neredeyse her sey beni yoruyor.

(d) Oyle yorgunum ki higbir sey yapamiyorum.

18. (a) Istahim eskisinden pek farkli degil.
(b) Istahim eskisi kadar iyi degil.
(¢) Su siralarda istahim epey kotii.
(d) Artik hig istahim yok.

19. (a) Son zamanlarda pek fazla kilo kaybettigimi sanmiyorum.
(b) Son zamanlarda istemedigim halde {i¢ kilodan fazla kaybettim.
(¢) Son zamanlarda istemedigim halde bes kilodan fazla kaybettim.
(d) Son zamanlarda istemedigim halde yedi kilodan fazla kaybettim.
Daha az yemeye caligarak kilo kaybetmeye calistyorum.
Evet () Hayir( )

20. (a) Sagligim beni pek endiselendirmiyor.

(b) Son zamanlarda agri, s1z1, mide bozuklugu, kabizlik gibi sorunlarim var.

(c) Agn, s1z1 gibi bu sikintilarim beni epey endiselendirdigi icin baska seyleri
diistinmek zor geliyor.

(d) Bu tiir sikintilarim beni Oylesine endiselendiriyor ki, artik bagka hicbir sey
diisiinemiyorum.

21. (a) Son zamanlarda cinsel yasantimda dikkatimi ¢eken bir sey yok.
(b) Eskisine oranla cinsel konularla daha az ilgileniyorum.
(c) Su siralarda cinsellikle pek ilgili degilim.
(d) Artik cinsellikle hicbir ilgim kalmadi.
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APPENDIX E: POSITIVE AND NEGATIVE AFFECT SCALE (PANAS)

Bu 6lgek farkli duygulart tanimlayan bir takim sozciikler icermektedir. Su anda nasil
hissettiginizi diisiiniip her maddeyi okuyun. Uygun cevabi her maddenin yaninda
ayrilan yere (puanlar1 daire igine alarak) isaretleyin. Cevaplarinizi verirken agagidaki
puanlar1 kullanin.

1. Cok az veya hig

2. Biraz

3. Ortalama

4. Oldukca

5. Cok fazla

1. Tgili 1 2 3 4 5
2. Sikintilh 1 2 3 4 5
3. Heyecanl 1 2 3 4 5
4. Mutsuz 1 2 3 4 )
5. Gugli 1 2 3 4 5
6. Suglu 1 2 3 4 5
7. Urkmiis 1 2 3 4 5
8. Diismanca 1 2 3 4 5
9. Hevesli 1 2 3 4 5
10. Gururlu 1 2 3 4 5
11. Asabi 1 2 3 4 5
12. Uyanik 1 2 3 4 )
(dikkati ac1k)

13. Utanmis 1 2 3 4 5
14. IThamh 1 2 3 4 5
(yaratici diistincelerle dolu)

15. Sinirli 1 2 3 4 5
16. Kararli 1 2 3 4 5
17. Dikkatli 1 2 3 4 5
18. Tedirgin 1 2 3 4 5
19. Aktif 1 2 3 4 5
20. Korkmug 1 2 3 4 5
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APPENDIX F: ETHICAL APPROVAL FORM
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APPENDIX G: CONSENT FORM

Orta Dogu Teknik Universitesi Enformatik Enstitiisii Saglik Bilisimi Béliimii
Ogretim tiyelerinden Y. Dog. Dr. Didem Gokgay danismanliginda yiiriitiilen ve yiiksek
lisans 6grencilerinden Fatma Giilhan Saragaydin ile Anil Karabulut'un tez ¢aligmalari
kapsamindaki “Fizyolojik tepkilerle bilissel se¢cimlerin dogal endojen ve eksojen
oksitosin seviyelerine gore degisiminin incelenmesi” adli arastirmaya katilmak igin
secildiniz. Calismaya katilim gonilliilik esasina dayalidir. Kararinizdan once
aragtirma hakkinda sizi bilgilendirmek istiyoruz. Bilgileri okuyup anladiktan sonra
arastirmaya katilmak isterseniz liitfen bu formu imzalaymiz.

Giinlik hayatimizda insanlarla iliskilerimizin  6nemli bir  kism
karsimizdakinin duygu durumunu dogru tamima iizerinedir. Ornegin, bir iletisim
sirasinda yiiziinde kizgin bir ifade bulunan kisinin yiiziindeki ifadeyi dogru
tanimlamak iletisimin devamliligini ve sizin davranislariniz1 etkilemektedir. Veya ayni
kisiyi mutlu bir ifadeyle gordiigiiniizde iletisiminizden memnun oldugu varsayiminda
bulunabilirsiniz. Bu ve buna benzer olaylarda viicudumuzda salgilanan ve bize avantaj
saglayarak yardimci olan ¢esitli molekiiller bulunmaktadir. Bu molekiillerden biri de
oksitosindir. Oksitosin, memelilerde esas olarak ¢iftler arasi bag kurma, giftlesme ve
de anne-gocuk arasindaki sevgi bagi kurulmasinda rol oynamaktadir. Son yillarda,
oksitosinin biligsel ve duygusal etkileri lizerine odaklanan bir dizi ¢alisma, eksojen
(intranazal) oksitosinin duygusal durumlarin taninmasini degistirdigini géstermistir.

Bu calismada da farkli deney gruplar1i arasinda duygusal ifadelerin
degerlendirilmesi ile oksitosin arasindaki iligki aragtirilacaktir.

Calisma sirasinda sizden yaklasik 100 resmi degerlendirmeniz istenmektedir.
Degerlendirmeyi iki farkl sekilde yapacaksiniz.

1. Duygusal ifadelere gore (saskin, iizgiin, bikkin, korkmus, kizgin, mutlu,
notr)
2. Giivenilirlik skalasinda (1'den 9'a kadar degisen sayilarla)

Bu calismada gozbebegi biiyiimesini ve hareketlerini takip edip kayit altina
almak i¢in bir g6z izleme cihaz1 kullanilmaktadir. Bu cihazlar insan saghgi ya da
ruhsal durumu acisindan en ufak bir risk teskil etmemektedir. Ote yandan, calisma
oncesinde eksojen oksitosin ve endojen oksitosin kosullarina maruz kalmis katilimei
gruplar1 olusturulacaktir. Bu gruplama islemi daha 6nce yapilan benzer ¢aligsmalardaki
uygulamalara gore belirlenmistir. Katilimcilardan bir grup nazal yolla salin soliisyonu,
diger grup ise eksojen oksitosin alacaktir. Hangi gruba dahil oldugunuz size deney
sonrasinda aciklanacaktir. Bu sekilde tamamlanmis caligmalar1 iceren makaleler size
verilecektir. Salin soliisyonun ve eksojen oksitosinin viicuttaki etkisinin ¢ok kisa
siirede yok oldugu gézlenmistir ve bilimsel olarak ispatlanmistir (Striepens ve ark.,
2013). Dolayistyla ¢alismamizin kisa siireli dahi invaziv bir etkisi bulunmamaktadir.
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Bu formu imzalayarak arastirmaya katilim icin onay vermis olacaksiniz.
Calismayr tamamladiginiz takdirde, kimlik bilgileriniz c¢aligmanin herhangi bir
asamasinda acikca kullanilmayacaktir. Doldurdugunuz anketlere verdiginiz cevaplar
ve arastirma siiresince gorsel cihaz kullanilarak edinilen her tiirlii bilgi yalnizca
bilimsel amaglar i¢in kullanilacaktir. Bilgileriniz hi¢bir kimse ile ya da ticari bir amag
icin paylasilmayacaktir.

Calismaya katilmayr kabul ettiginiz takdirde, deneyin isleyisi hakkinda
bilgilendirileceksiniz. Caligsma siiresi yaklasik bir saat olarak planlanmistir.

Calisma hakkinda daha fazla bilgi edinmek i¢in asagida belirtilen
arastirmacilarla iletisime gegebilirsiniz.

Y. Dog. Dr. Didem Gékgay, ODTU Enformatik Enstitiisii, A-216, XXX, XXX
Fatma Giilhan Saragaydin, ODTU Enformatik Enstitiisii, xxx, xxx
Anil Karabulut, ODTU Enformatik Enstitiisii, XXX, XXX

Referans:
Striepens, N., Kendrick, K. M., Hanking, V., Landgraf, R., Wiillner, U., Maier, W., &

Hurlemann, R. (2013). Elevated cerebrospinal fluid and blood concentrations of
oxytocin following its intranasal administration in humans. Scientific reports, 3, 3340.

“Fizyolojik tepkilerle biligsel secimlerin dogal endojen ve eksojen oksitosin
seviyelerine gore degisiminin incelenmesi” c¢alismasi hakkinda bilgilendirildim.
Calismayi istedigim zaman terk edebilecegimi ve bana ait kisisel bilgilerle beraber
benden toplanan kisisel degerlendirmelerin hi¢bir zaman agik¢a kullanilmayacagin

biliyorum. Bu calismaya goniilli olarak katiliyorum.
Ad, Soyad:
Tarih:
Imza:

108



APPENDIX H: DEMOGRAPHIC INFORMATION FORM

Kisisel Bilgiler:

Ad1 Soyadi: Uygulama Tarihi: ... /... /...

Cinsiyeti: Kadin () Erkek ()
Dogum Tarihi: ... /... /...
Yast: ...
Medeni Hali: Evli () Bekar () Dul () Bosanmis ()
Meslegi: .....ooovvvviiiiiiininnnn.
El Tercihi: Sag () Sol ()
Egitim Durumu: Tlkokul (0-5 y1l) ()
Ortaokul (6-8 y1l) ()
Lise (9-12 y1l) ()
Universite (12+) ()

Saghk Durumuna iliskin Bilgiler:

Isitme Bozuklugu: Var () Yok ()

Varsa diizeltilmis mi? ...........................

Gorme Bozuklugu var mi1? Var () Yok ()

Varsa hangisi? Miyop () Astigmat () Hipermetrop ()
Varsa diizeltilmis mi? ...........................

Renk Korliigii: Var () Yok ()

Fiziksel Oziir: Var () Yok ()

Varsa tirll: ....ooovvviiiiiiiiiean..

Gecirdigi Onemli Rahatsizhiklar (6zellikle Psikiyatrik, Norolojik veya
Psikolojik):

Halen Kullanmakta Oldugu Ilag: Var () Yok ()

Varsa ilacin/ilaglarin adi: ...........................

Uzun Siire Kullanip Biraktig1 Tlag: Var () Yok ()

Varsa ilacin/ilaglarm adi: ...........................

Varsa kullanim siiresi: ................ccooeines

Kadin ise, son menstrual kanama tarihi: .....................
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APPENDIX I: SELECTED STIMULI FROM KDEF

Stimuli used in the gender classification tasks

First gender classification task Second gender classification task

Presentation | Images Presentation | Images
order order
1 AM34NES 1 AM3INES
2 AF17NES 2 AF1ENES
3 AFOINES 3 AF34NES
4 AM33NES 4 AM2TNES
5 AF15NES 5 AMOINES
6 AMIONES 6 AF32NES
7 AFO4NES 7 AMO2ZNES
g AF13NES g AF2ONES
9 AMITNES 9 AMO4NES
10 AMIINES 10 AF20NES
11 AFO6NES 11 AM21INES
12 AM3ONES 12 AF22NES
13 AF11INES 13 AF2TNES
14 AM29NES 14 AMI3INES
15 AFI10NES 15 AF26NES
16 AM2ENES 16 AMOTNES
17 AM26NES 17 AMOSNES
18 AFOBNES 18 AF2ENES
19 AFOTNES 19 AF24NES
20 AM23INES 20 AMO6NES
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Stimuli used in the trustworthiness evaluation task

Trustworthiness evaluation task

Presentation | Images | Presentation| Images
order order

1 BM24NES 34 AM2INES
2 BMI16NES 35 AF14NES
3 AFO0SNES 36 AMOENES
4 AMOSNES 37 AF30NES
5 AF1ENES 38 AF2INES
6 AM35NES 39 AMIBNES
7 AFOENES 40 AMBONES
8 AM20NES 41 AF12NES
9 AMI4NES 42 AF33NES
10 AFOTNES 43 AM25NES
11 AMIONES 44 AM2TNES
12 AF24NES 45 BMI19NES
13 AMI3INES 46 AF03NES
14 AF13NES 47 AF13NES
15 AF23INES 48 BMI12NES
16 AFO4NES 49 AF3INES
17 AMO3INES 50 AF2INES
18 AF02NES 51 AF25NES
19 AM29NES 52 AM33INES
20 AM3INES 53 AM3ANES
21 AF19NES 54 AF15NES
22 AF10NES 55 AF17NES
23 AMO2NES 56 AF09NES
24 AF2ENES 57 AMITNES
25 AM2ENES 58 AF20NES
26 AMISNES 59 AM23INES
27 AMOINES 60 AF2TNES
28 AFOINES 61 AF26NES
29 AF2ONES 62 AM2INES
30 AMI3INES 63 AMIINES
31 AF11INES 64 AMO6NES
32 AMOSNES 65 AM3INES
33 AF32NES 66 AF16NES
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Stimuli used in the facial expression recognition task

Facial expression recognition task

Presentation | Images Prezentation Images
order order

1 AM31HAS 36 AF345U8
2 AM22AFS 37 AMOSNES
3 ANM31IDIS 38 AMS31SAS
4 AMOSNES 39 AM22DIS
5 AF22DIS 40 AF2INES
6 AF2158A8 41 AF21AFS
7 AF135US 42 AF13DIS
8 AF06NES 43 AF065US
9 AF21ANS 44 AF34NES
10 AMO1IDIS 45 AF218US
11 AMO5SUS 46 AF06AFS
12 AMOEDIS 47 AMOLSAS
13 AMI2SAS 48 AMOSHAS
14 AM31AFS 49 AM2INES
15 AMOSANS 50 AM31ANS
16 AM34HAS 51 AMOESUS
17 AF13AFES 52 AMBINES
18 AF06ANS 33 AF34ANS
19 AF225AS 54 AF21DIS
20 AMOINES 55 AF22AFS
21 AMOESAS 56 AF06HAS
22 AM31SUS 57 AF13ANS
23 AM22ANS 58 AM22HAS
24 AMOBAFS 59 AF065AS
25 AF345A8 60 AMOLAFS
26 AF225US 61 AF13HAS
27 AF21HAS 62 AMO5DIS
28 AFI13NES 63 AMOBANS
29 AF2IANS 64 AMOLISUS
30 AF06DIS 65 AMO5SAS
31 AM22SUS 66 AF21INES
32 AMOBHAS 67 AMOIHAS
33 AF34AFS 68 AF135A8
34 AMO1ANS 69 AMOSAFS
35 AF22HAS 70 AF34DIS
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APPENDIX J: DEBRIEFING FORM

Bu calisma daha 6nce de belirtildigi gibi ODTU Enformatik Enstitiisii Saglik
Bilisimi Boliimii 6gretim tiyelerinden. Y. Dog. Dr. Didem Gokcay danigsmanliginda
yiriitilen ve yiiksek lisans Ogrencilerinden Fatma Giilhan Saragaydin ile Anil
Karabulut'un yiiksek lisans tezi aragtirmasidir. Oksitosin hormonunun yiizlerdeki
duygu durumu ve giiven duygusu iizerindeki etkisini saptamay1 amaglayan bu ¢alisma

ayni zamanda oksitosinin goz bebegi biiyiikligl iizerindeki etkisi ve iliskisine de
bakmaktadir.

Diinyada intranazal oksitosin kullanimini igeren ¢ok sayida c¢aligma
bulunmaktadir. Bunun yam sira, duygusal ve duyusal olaylarla gézbebegi biiyiimesi
arasindaki iligski uzun yillardir ¢alisilmaktadir. Gorsel uyaranlardaki i¢erigin insanlarda
Olciilebilen bir gozbebegi reaksiyonu olusturdugu agikca bilinmektedir. Bu arastirmay1
yapma nedenimiz, viicudumuzda sentezlenen veya disaridan alinan oksitosinin gesitli
duygu durumlarini igeren gorsel uyaranlarin degerlendirilmesindeki rolii ve bunun
gbzbebegi biiyiimesi ile iligkisini ortaya koymaktir. Ayrica oksitosinin notr ifade igeren
uyaranlarin giivenilirlik acisindan degerlendirilmesi {lizerindeki etkisi de bir diger
inceleme konumuzdur.

Bilgimize gore Tiirkiye'de ilk kez bdyle bir calisma yapilmaktadir. Bu
calismadan alinacak tiim verilerin Aralik 2015 sonunda elde edilmesi
amaglanmaktadir. Elde edilen bilgiler sadece bilimsel arastirma ve yazilarda
kullanilacaktir. Calismanin sonuglarint 6grenmek ya da bu arastirma hakkinda daha
fazla bilgi almak i¢in asagidaki isimlere basvurabilirsiniz.

Bu arastirmaya katildiginiz i¢in tekrar ¢ok tesekkiir ederiz.
Y. Dog. Dr. Didem Gokgay (Oda: A216; Tel: xxx; E-posta: xxx)

F. Giilhan Saracaydin (ODTU Enformatik Enstitiisii; Tel: xxx; E-posta: XXx)
Anil Karabulut (ODTU Enformatik Enstitiisii; Tel: xxx; E-posta: XXX)

115



