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Popular science summary of the thesis

Learning through observing tlaetions of other people and learning about them by interacting with them

is essential in order to avoid danger and harm. For example, you can learn that a gun is an extremely
dangerous object by simply observing another person expressing pain upon beifgrshermore, by
interacting with another individual who is glaring angrily toward you, you might reach the conclusion that
it is best to remain submissive toward this persol
examples, facial expressi® provide crucial social information in order to assess the risk of harm and
thereby make an appropriate decision. However, little is known about how the brain encodes and
regulates the learning of threat using social information, such as the faciastopraf others.

Additionally, no studies have investigated how we learn to adapt our facial expressions toward other
people that we interact with. In this thesis, we |
influence how we learn if certain aujts are dangerous or not in social settings. We found that by
pharmacologically blocking the activity of this opioid system, which is known to attenuate self

experienced pain, social learning of threat could be enhanced. In addition, we simuldiée sealal
interactions by recording muscular activity from the faces of participants who interacted with virtual
individuals. During this social interaction, the participants could receive electrical shocks as punishment

if they formed an inappropriate fatiexpression toward the virtual individuals. Here, we found that
participants were adept at avoiding punishment by mimicking the expressions of others and that they were
especially proficient at avoiding punishment from smiling faces. Our findings wibitantly add to

both our knowledge about the mechanisms of aversive learning in social situations. We also believe that
our results will be useful for better understanding psychiatric disorders involving social impairment, such
as autism spectrum disordand thereby, assist in providing improved guidelines to further study and

treat these disorders.



Abstract

Our survival is contingent on our ability to observe and interact with conspecifics. For example, by
observing the facial expressions of others, we can vicariously learn to avoid potentially dangerous events
without firsthand personal exposure, thus readgadhe risk of harm. Furthermore, through direct social
interactions, such as when we exchange facial expressions with another individual, we learn how to
optimize our behavior, and thereby avoid dangerous social outcomes. Despite the large corpuziof rese

on face perception and spontaneous responses to static faces, little is known about responses to faces in
dynamic, naturalistic situations, and there are no studies that have examined how goal directed responses
to ot her’' s f ac ensgdaingayadid irfteeactions. ddditignally, theaunderiying
neurobiological processes governing learning in social settings remain largely unstudied.

To shed light on these phenomena pertaining to observational learning and e®aking processes in

reatlife, interactive settings, involving facial expressions, this thesis first aims at investigating how our
endogenous opioid system can influence how we learn to associate threats to different stimuli in response
to others' facial expressions exhibitipginful reactiongStudy 1); and to study the learning mechanisms

of optimizing facial expression exchange when deciding to either form a smile or a frown during
interactive dyads in order to avoid aversive outcoragdly 11). Furthermore, we tested whet the

|l earning process of optimizing one’s facial expr e:
i nteractant ' sStudyalld)i Imabrief, Sty shcaveddhat le@rning about threats through
observing others is regulated bgiaid receptors on a neuronal basisStady 11, we developed a novel

method to study facial interactions based on online biofeedback using EMG signals. Our results validated
our method, showing that participants learned to optimize their facial beb@aawoid punishment, and

we replicated earlier findings of faster and more accurate responses in congruent vs. incongruent
conditions. Moreover, participants performed better on trials when confronted with smiling, as compared
to frowning, faces, suggesgnt might be easier to adapt facial responses to positively associated
expressions. 18tudy 111, we found that facial dominance influenced the optimization process of facial
expression selection in both punishment and reward learning contexts. Takbaerome findings

highlight the role of specific neurobiological and sociagnitive factors in aversive learning in social
situations.



List of scientific papers

This thesis is based on the following publications, which are referredtie text by theiroman
numerals (Studiesllil):

l. Haaker, J., Yi, J., Petrovic, P., & Olsson, A. (2017). Endogenous opioids regulate social threat
learning in humandNature Communicationsttps://doi.org/10.1038/ncomms1549

1. Yi, J., Parnamets, P., & Olsson, A. (2021). The face value of feedback: Facial behaviour is
shaped by goals and punishments during interaction with dynamic Rmes. Society Open
Sciencehttps://doi.org/10.1098/rs@02159

Il. Yi, J., Parnamets, P., & Olsson, Manuscript in prepFacing threat: Intrinsic but not
acquired dominance affects learning of optimal facial expressions during incentivized social
interactions.

List of additional scientific papers (not in this thesis)
l. Rosén, A, Yi, J., Kirsch, I., Kaptchuk, T. J., Ingvar, M., & Jensen, K. B. (2&ffécts of

subtle cognitive manipulations on placebo analgegia implicit priming study European
Journal of Pain (United KingdomMttps://doi.org/10.1002/ejp.961



Contents

1. Introduction 1
1.1.Socialaversivelearning 1
1.1.1. Socialaversivelearning through observation 2
1.1.2. Pavlovianaversivelearning and thepioid system 2-3
1.1.3. Facialexpressions andbservationalearning 3

12.  Socialinstrumentalearning: Learning througimteraction 34
1.2.1. Facialexpressionsunctionasreinforcingstimuli duringsocial interaction 4

1.2.2. Introducing a novel experimental model to study facial expression exchange using

biofeedback 4
13. Previousresearch osocially relevantacial stimuli 5
1.3.1. Staticdominantfacialcues 5
1.3.2.Transienfacialcues 5
2. Research aims 6
2.1 Study laim 6
2.2 Study llaim 6
2.3 Study Illam 6
3. Materials and methods 7
3.1 Participants 7
3.2 Experimentaktimuli 7
3.2.1. Feedback stimuli 7-9
3.3. Functionaimagneticresonancémaging 10
3.4. Faciaklectromyographyiofeedback 10
3.5. Mixed effects models 1011

3.6. Ethicalconsiderations 11



4, Overview of studies 12

4.1.Study I:Endogenous opioids regulate social threat learning in humans 12
4.1.1 Study t Background andationale 12
4.1.2 Study t Results andonclusions 12-14
4.2.Study Il: Thefacevalue offeedbackFacialbehavior isshaped bygoals andpunishments
duringinteraction withdynamicfaces 14
4.2.1 Study Il Background andationale 145
4.22. Study II:Pilot studiessummary 15
4.2 3. Study It Results anaonclusions 1517
4.3.Study llI: Facing threat: Facial but not learned dominance affects learning of optimal facial
expressions in incentivized social interactions. 17
4.3.1 Study llI: Background andationale 17-18
4.3.2. Study lll:Pilot studiesummary 18
4.33. Study llI: Results anatonclusions 1821

5. Discussion 22-25

6. Conclusion 26

7. Points of perspective 26

8. Acknowledgements 27

9. References 28-35



List of abbreviations

BOLD

CR

CS

CS+

CS

DM

DDM

EMG

FFA

fMRI

PAG

PFC

RF

RL

RT

SE

usS

Blood oxygen level dependent

Correct Response

Conditioned Stimulus

Conditioned Stimulus coupled to US
ConditionedStimulus never coupled to US
DecisionMaking

Drift-diffusion model

Electromyography

Fusiform Face Area

Functional magnetic resonance imaging
Periaqueductal Gray

PrefrontalCortex

Radio Frequency

Reinforcement Learning

Response Time

Standard Error

Unconditioned Stimuli






1. Introduction

Respondin@daptivelyt o ot her s’ faci al expressi omraexansplek ey t o
by observing another individual forming a fearful facial expression toward a gukndeawe can learn

that these objects are dangerusio o k er , Ger mi ne, Knight, & D’ Esposi
& Blair, 2013; Parnamets & Olsson, 20Z)rthermore, we can learn about other individualentions

by sociallyinteracting with thenand consequentlyp t h e r i rfatial expréssianpravidekey

informationthat helpdo decipher these intentionSor instance, inother individual approaches you
with an angry facial expressiavhile having his or her fistclenched, you are likely to infénat this
individual is intent on causing you physical hatmthestudiespresentedvithin thisthesis, | have
examined the@rocessesf how we learrfrom the facial expressions from others by observing flaasm
well as by exchanging facial expressovith them. In order to study the latter, | developed a novel
method to examine facial expressiottieange using electromyography (EMG) signals whereby
participants could receive punishment or rewfamtibackcues as a function of their chosen facial
expressiondn the following sectionsf this thesis| will first describehe fundamentatoncepts whin
the field of social aversive learning which are relevant to the stumilesledwithin this thesis.
Subsequentlyl, will describeour methodologicabrocedure beforedelving intothe mainfindingsof our
studies Additionally, | will attempt toconextualizeour findings within the field of social aversive
learning and interactive behavigarticularly so within the domain of facial expressidfinally, | will
also brieflyhighlight somelimitations, future direction®f researchand possible applications of our
findings.

1.1. Social aversive learning

Aversive learningan beacquiredthroughindirectand directsocialexperienced~or exampleyou can

learn to feathata particularobject isdangerousf another individual expressa fearfulfacial expression
toward it orif a stranger actaggressively towards you, you may become frightened and consequently
start to avoid this individualn the first examplgit is appropriatdo explore the role dPavlovian
conditioning(Pavlov, 1927)n aversivelearningsince it models howve areableto form associations
between threatening amgutralcues Detecting ancdaptivelyreacting toexternalcuesserves arucial
evolutionary function andversivelearningserves aan efficientmears to transmit information about
potential threats in the environméftlsson, Nearing, & Phelps, 2007hjtrinsically aversive events

such as painful stmub r ot her s’ f e a rfunctibn akcrac@lineehtivesior ur spesissd o0 n s
learn toadjustour behaviors to predict arldarn toavoidvarious loominghreats(Jack & Schyns, 2017,
Olsson & Phelps, 2007Qur species ikighly socia) hence, ae cucial question inthreatlearning is

howwe learn from other individualegardingwhat stimuli are dangerous. Furthermore, oy is it
important to learn from other conspecifics, but it is also critical to learn about them anddiv&iual
characteristics by interacting with them in order to avoid negative consequéacasntioned abovéf

you encounter a stranger acting aggressively toward you, you atighkientallyevoke anger inthat
dangerousndividualif you act in an inappropriate mannervard this persowhich could leado
detrimentaphysical andsocial outcomesuch as sevetgarmand social ostracizatioio clarify, by
provoking another dangerous individual, this individual might decide to retaliate by physically harming
you andspreachegative rumorsegardingyou. In the studiesncludedwithin this thesis, | have examined
the role of facial expressions in various social contexts that involve observational |eeneiedpy
participants learmbout what objects are dangerdu®ugh othei ndi vi dual " s .facial exp
Moreover,| have studied how participants learn to avoid aversive outcanesexchanging facial
expressions with others in interactive dyddssummary, hefindingspresented with this thesise

important forfurthering ourunderstandingf the role of aversi learning irnthe exchange of social
information



1.1.1. Social aversive learning through observation

In humans and many other social species, information is commonly transmitted from conspecifics

through sociatransmissior{(Bandura, 1977; C. M. Heyes, 1994; Hygge & Ohman, 1978; Laland,.2004)
Whenlearning that something is aversive, it is often less rigkgarnthrough observing others rather

than learning through direct experien¢@tsson & Phelps, 2007This means that an individual can learn

to perceive an object or situation (e.g. a snad&ing a threatening posture toward yas aversive or

di slikable by observing a conspecific’s response |
process underlying thsocial form of learnindpas ben arguedHat itinvolves associative learning
mechanismg¢Bardura, 1977; LaBar, Gatenby, Gore, LeDoux, & Phelps, 1998; Pavlov, ap&8 link
betweendifferentstimuli.

Pastresearch on animastudying Pavlovian conditioniriges oftenrelied ona neutralstimulus such as an
auditory cueas theConditioned Stimul{CS) coupled withe.g.ashock to the fooas theUnconditioned
Stimuus (US) while usingfreezing as the conditioned resporiseaddition previous research using this
experimental model in animaiemonstratethat sensorynputfrom the thalamus, midbrain and cortical
structures converges in the lateral amygdala, wherdJSSssociations are formed during learning
(LeDoux, Cicchetti, Xagoraris, & Romanski, 199®)oreover the prefrontal cortex (PFC) and the
hippocampus provide inputs the lateral amygdala and the basal amygdala and these amputs
comprise of integrated information pertaining to the emotional history of a stimulus, the internal state of
an organism, context and tif®tephen Maren, Phan, & Liberzon, 2013; SeBagon & Quirk, 2010)

In relatively recenyears researclexamining the neuronabasis and mechanisro§observational
learninghasbecome morérequent(Allsop et al., 2018; Hooker et al., 2006ls€on et al., 2007a;
Twining, Vantrease, Love, Padival, & Rosenkranz, 20t/an imaging studyOlsson et al., 2007a)
participants were instructed to watekideo clipof another person expressipgin uporreceiving

electric shocksoupledwith a CS Afterwards the participantexpected t@lsoreceive shockspon

being presented the G&leo cliptheyhadjust watchedHowever,shocks wer@ot givenduring this test
phaseo ensure thatthe a r t i anerpoaymrepresentatiosiof the USCS pairingwereentirelybased on
theseobservationaéxperienced-urthermore, the bilateral amygdala was involved during both learning
(observation) and expression (test) of learned thvbath isline with paststudies Thereforethe
assumption thatverlapping neuronaitructuresand their underlying neanalprocesses support both
conditioned and observatiorthreatlearningis substantiatedilso, the central amygdala, extends
synapses to midbrain regions such as the periaqueductal gray (PAG).eDoux, lwata, Cicchetti, &
Reis, 1988)and the brainstem mediating defensive respoia®over the PAG hagreviouslybeen
linked toregulatingpredictions errorandexpectationgccording taccomputational learning models
(Grahl, Onat, & Buchel, 2018; Haakéfi, Petrovic, & Olsson, 2017; McNally, Johansen, & Blair, 2011)
Prediction error refers to mismatches that occur when thepeareivedifferences betweean
expectedutcomeandan actuabutcone andit is a @ntralconcept fordefininglearningin reinforcement
learning (RL) and perceptual learning paradig®sn Ouden, Kok, & de Lange, 2012; Rescorla &
Wagner, 1972b)

1.1.2. Pavlovian aversive learning and the opioid system

Earlierresearch hashownthat defensive responses elicited by direct Pavlovian conditioning are
regulated by the release of endogenous opi@ispert, Bingel, Schoell, Yacubian, & Blichel, 2008)
Furthermore, endogenous opioids also play &atitole in predicting future aversive eve(Esppert et
al., 2008; Fanselow, 1998; McNally, 2008s mentioned above, during Pavlovian conditioning, the
lateraland centrapartsof the amygdla(Johansen et al., 2014; S. Margfi01)release endogenous
opioids in the PAG which in turn reduces the @@t learning feedbackignal derived from thaversive
US (Bellgowan & Helmstetter, 1998; McNally, 2009)his process is crucial for the establishment of a
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CS-US associatiofiJohansen et al., 2014; S. Maren, 2001 addition in humans anth numerousther
species, survival is contingent treinformationthat islearnedthroughotherconspecificsegardings
potentially dangerous io n eehvgonment. Yet, the underlying neurochemistryrodv our opioid
system regul at e sexpermneesantlubnee oar'ownaesmomsasiofifear and desestde
unexploredThe opioid system is involved the downregulation of firsthand painful experiences
through placebo effect3urner, Deyo, Loeser, Von Korff, & Fordyce, 19%4)d hencés likely to be
involved inaccentuatingr attenuatingzicarious responses to others pain as conveyed through facial
expressions

1.1.3. Facial expressions and observational learning

Facial expressions encode an intrinsic emotioaéénce, and we areadily prepared for decoding and

responding to the emotional displays of other pe(lar, 2003; Martin, Rychlowska, Wood, &

Niedenthal, 2017andwe adjust our behavior to them accordingly. For example, facial fear expressions
canfunctionas reliabldJS (Blair, 2003) In a previous study, cageared monkeys were presented with

either live demonstratiorw videos of learning model monkeys that expressed fearful facial expressions

to snakes (toy or real) or tbjects that were not feaelevant(Mineka & Cook, 1986)In the condition

where fear el evant objects were used (e.g. the snake),
exhibited distresdhe observeprimaté Bnmediate response to the learning mquel i m disgtres&arsd

the resultincaversiveleaming in the observer primate wezemparabldo the relationship reported

between US, UR, and CS Ravlovianconditioning(Codk & Mineka, 1990; Mineka & Cook, 1993)

The human brain is equipped witkuronal circuity thatis specialized in processing facial information
For example, th&usiform Face Are@FFA) is specialized in facial recognitigganwisher, McDermaott,

& Chun, 1997) Additionally, activity in the amygdala has been shown to facilitate associative learning
between fearful expressions of human faces and neutral opjeciker et al., 2006uggestinghat the
amygdala uses social signalsabaptivelylearnaboutthreatening and rewarding associatiarsch
ultimatelyincreasegrobability ofsurvival.

1.2. Social instrumental learning: Learning through interaction

Instrumental learningr operant conditionings a form of learning describing how the likelihood of
performing certain behaviors is enhanced or diminished trough rewards and punishments, respectively
(Skinner, 1953). The ability to learn new behaviors in order to avoid threats and gain rewaeds in th
environment is to key survivéAndreas Olsson, Knapska, & Lindstrom, 202IH)ese adaptive behaviors

are typically studied withimstrumental learning paradigms, in which an individual learns to avoid

shocks or obtain reward through fitsdnd direct experiences of actimutcome relationship Past

research in rodents showmtthe lateral and basal amygdala, the hippocampushen@RC have a

crucial role in the instrumental control of avoidance behgBalieine,Killcross, & Dickinson, 2003;
Bravo-Rivera, RomarOrtiz, BrignoniPerez, SotreBayon, & Quirk, 2014; Wang & Hamilton, 2012
contrastthe learning process of associating a relationship between an action and a reward relies on the
striatum and the PF@®oorman & AstorJones, 2015)n humans, the dorsomedial striatum,

orbitofrontal cortex and the prelimbic part of the PFC which is the rodent homologue of the human dorsal
ACC have been implicated to be invohviedgoaldirected instrumental learnir{iillcross & Coutureau,
2003; Valentin, Dickinson, & O’ Doherty, 2007; Wan:

Instrumental learning can be formalized throvgihforcement leaiing models. The goal of a learner

under reinforcement learning is to maximize thenegtards they receive while interacting with a

complex, uncertain environmefRescorla& Wagner, 1972a; Sutton & Barto, 1998his is modelled by
assuming that learners represent the expected value of responses available to them and probabilistically
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select between responses on each trial. These internally represented expectedevapasted when the
outcomes of actions arecognized The formof this updatingprocesss determined by the learning rule.
Reinforcement learning models are increasingly applied to understand adaptive behavior in both social
and nonsocial tasks, as well as to link adaptive behavior with itsaldasigAndreas Olsson et al.,

2020)

Upon interacting with other individualboth Instrumental and Pavlovian learning are highly relevant
formsof learningduring the exchange of social informatiéar examplea demonstrator displaying

distress or pain through facial expressions can cue dangadaptive responses to these dugge been
shown to be beneficiacross a wide range of social animasmgingfrom mice to human beings (Olsson

& Phelps, 2007). Furthermore, not only do facial expressions have the utility of conveying danger
through observational learning,n e ’ s homenoffacial expressioselectionalsohave a crucial role
duringreattime facial expression exchangResponding adaptively to others during social encounters
entails adjust ment sindefadahexpressiohsahnusaddeliberatplynagoali o n s
oriented communicatio@Jack & Schyns, 2015; Martin et al., 2017; Parkinson, 2888)successful
communication of emotional statean prevent potentially harmful encount@idsikas, 1998)

1.2.1. Facial expressions function as reinforcing stimuli during social interaction

In social interactions, smiling facecan reinforce specific behaviors in the perceiver through its
rewardingpropertiegFurl, Gallagher, & Averbeck, 2012; Martin et al., 2017; McLellan, Wilcke,
Johnston, Watts, & Miles, 2012)dditionally, a previous study showed in a decisinaking taskhat
participants displayed increased propensity to repeat actions reinforceageitbine smile feedback
compared to a nonsocial feedbdkeleerey, 2014)On the other handin angry face can serve as a
punisher, facilitahg avoidancgMarsh, Ambady, & Kleck, 2005)and increase autonomic arougaiif
Dimberg, 1986; Ohman & Dimberg, 1978&urthermore, angry expressiohave been demonstrated to
curtail the behavior of conspecifics in cases where social norms were violated (Lyman & Averill, 1984).
In naturalistic interactions, automatic and gdaiected responses will at timesibeconflictand at other
times bealigned such as when an individual leato frown rather than to smile towards a potential bully
on the school yard or at the wepkace to stand up for yourselih sum, the human face function both
communicatively and as a primary reinfora@das a tooto garner successful social outcomes

1.2.2. Introducing a novel experimental model to study facial expression exchange using
biofeedback

Previous experiments using biofeedback have focused mainly on clinical applications, such as
rehabilitation for facial paralysis and facial nerve injuries by the means of monitoring electromyography
activity (Barth, Mayer, Strehl, Fallgatter, & Ehlis, 2017; Holroyd & et al, 1984; Woodford & Price,

2007) No previous studies have investigated decisiaking based on EMG signals sirtbesepast

studies have relied on the participamtessing buttons to register a choidence we developed a novel
experimental model to study facial expressions using biofeedback in order to addresdihew
biofeedback can influence and potentially improve facial expression seldatimg interactive dyads.

More specifically we developed decisionmaking paradigm using EMG signalkereby increasinthe
ecological validity of modellingeal life facial expression exchange during social interastidhis novel
method wagprimarily based orinstrumental learningArcher & Nilsson, 1989; Skinner, 1958)
examine how people’ s goal directed responses t
interactionqYi, Parnamets, & @son, 2021)

o
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1.3. Previous research on socially relevant facial stimuli

The recognition and reaction to static images of facial expressions have been extensively studied. For
example, there are many studies that have examineditbmatic processing of facial expressions

resulting in unconscious facial mimic(Rimberg, 1990; Dimberg, Thunberg, & Elmehed, @08onnby

Borgstrom, 2002)As mentioned aboveygvious research has demonstrated that pictures of angry facial
expressions have an intrinsic negative valgBayer, Munte, Géttlich, & Kramer, 2015; Ekman, 1997;

Johnsen, Thayer, & Hugdahl, 1995; Matsumoto, Kasri, & Kooken, 199@)yy faces serve robustly as

an aversive US in Pavlovian conditioning paradigBisnberg & Ohman, 1983; Ohman & Dimberg,

1978) Furthermore, both subjective reports and physiological measures (e.g., electrodermal activity) of
emotional arousal cameinfluencedby angry face presentatio®hnsen et al., 19998 ictures of happy

faces have been shown to serve as an appetitive US and as signals ofviaiktaelvs & Wells, 1999;

McLellan et al., 2012)Despit the fact thathe perception and responses to static faces has been studied

in considerable detafe.g.Adolphs, 2002; Dimberg, 1990; Dimberg & Ohman, 1983; Johnsen et al.,

1995) researchers have only recently begun to use dynamic face stimuli to examine the temporal

dimension of the perception anesponses to facial stim@llack & Schyns, 2015; E. G. Krumhuber,

Kappas, & Manstead, 2013; Eva G. Krumhuber, Tamarit, Roesch, & Scherer, 2012; Rubenstein, 2005;

van der Schalk, Hawk, Fischer, & Doosje, 201 D#®spite the largbodyof literature of facial stimulino

study has attempted to experimentally malikeedd t he |
facial responses during facial expression exchang:t
ownfacialr esponses are expected to be reinforced by bo
facial expression (e.g. smiling and frowniragydthe outcome of the interaction, for example, if it results

in an aversive consequence or not.

1.3.1. Static dominant facial cues

The human face is a rich and mudtimensional source of information to which we ascribe both stable
features, such as facial dominari@msterhof & Todorov, 2008nd transient behavioral characteristics,
such as emotions and intemts andthe intention to harm when displaying a frown (Tamir & Thornton,
2018). Past research has shown that dominant facial traits, such as increasied gawd pronounced
eyebrow ridge are perceived as more masculine and threatening than the inastésmaller jawnsize
and less pronounced eyebrow rid¢fddlzleitner et al., 2014; Todorov, Dotsch, Porter, Oosterhof, &
Falvello, 2013)Facial dominance also predicts successful social outcomes in different settings, such as
advancement imilitary ranking( L o e h r ara%2008arid election outcomdkenz & Lawson, 2011;
Olivola, Eubanks, & Lovelace, 2014; Olivola, Sussman, Tsetsos, Kamgd&rov, 2012)Additionally,
enhanced selective attention toward dominant fhasbeen demonstrated in previous studies whereby
attentional biases were shown towards high dominased status in gaze cue paradigianer,

Dewall, & Gailliot, 2008) Furthermore, in facial stimuli flash suppression tasks, dominant faces are
detected mie readily than nowlominantfaces(Abir, Sklar, Dotsch, Todorov, & Hassin, 2018)

1.3.2. Transient facial cues

Transient cues, such as facial expressions of affect, also shape social interastinaationed above
smiling face can reinforce specific approach behaviors in the perceiver through its rewarding qualities
(Furl et al., 2012; Martin et al., 2017; McLellan et al., 20t#) the other han@n angry face can serve

as a punisher, thus negatively reinforce behaviors. Indeed, angry faedsdem shown to curtail the
behavior of conspecifics in cases where social norms were viglatetn & Averill, 1984) In one

study, using a decisiemaking task, participants displayed increased propensity to repeat actions
reinforced with genuine smile feedback comparedaiesocial feedbaciHeerey, 2014)



2. Research aims

Theoverarchingaim of this thesis wato investigate the impact of social information on emotional
learning.More gecifically, weexaminechow facial cues anfhcial information inforned participants
regarding surrounding dangers and how threatening informatiscommunicated through fatia
expression & well asfacial traitsduring interactive dyads.

2.1. Study | aim

To examinghe role of the endogenous opioid systarhumanguring observational threat learnihy
administeing Naltrexonewhich is an opioid receptor antagon(atdrug that results in blockade of
receptorsand observing others’ distress responses,
2.2. Study Il aim

To examinghequestion as to holwumanscanlearnto optimize facial expressions iinteractive dyads

with target interactantdo do thiswe developed a novel method to study how the facial expression of a
target interactant and congruent as well as incongruent responses influenced this learniag proces
2.3. Study 111 aim

To examine howacial dominance influenced the learning procesiturly 11, we contrasted the learning

rate and response times between dominant andlominant faces according @osterhof & Todorov,
2008)



3. Materials and methods
3.1. Participants

In Study | andStudy 11, the final sample consisted of 43 andHs&lthyparticipants respectively. In

Study 11, Experiment 1, 2 and 3, wecruited 60, 61 and 29 participants respectively. All participants
gave their written consent before participation and they were naive to the purposes of the experiments.
The procedures were implemented in compliance with relevant laws and institutiaredings, and were
approved by the Regional Ethical Review Board of Stockholm. Participants were compensated for their
participation at the conclusion of the experiments.

3.2. Experimental stimuli

In Study I, we used video clips that showed the demotwstsitting in front of a computer screen

watching two differently colored squares (yellow and blue), serving as observational CSs. In these video
clips, the demonstrator reacted to the shocks by slightly twitching the arm and blinking (resulting from an
el ectric stimulation of the shock electrode that w
Study 11, twelve video clips were retrieved from the Amsterdam Dynamic Facial Expression Set

(ADFES) (van der Schalk et al., 2011). Six of the vidigos consisted of video presentations of the faces

of three different male individuals. Each male individual appeared in two video clips, expressing a smile
and a frown, respectively. The other six video clips consisted of video clips of the faceeditfarent

female individuals. Each female appeared in two video clips, expressing a smile and a frown,
respectively. The sex of the target faces was mat
potential confounding effects due to intgender interaction. All of the individuals presented in the video
clips were of northern European descent. Eight of the twelve video clips were used in the experimental
manipulation (two male and two female faces) while the remaining four video clipm@eand one

female face), were used in the shock calibration and practice phase. The use of the facial Stinulyli in

Il are illustrated in Figure 1. Btudy 111, the facial stimuli varied across the dominance dimension in
accordance with Oosterhof aiidrodov (2008) in Experiment | and Il. Two faces were morphed to be

three standard deviations (S) dominant than a dominamgtal face while two faces were morphed to

be three SD less dominant for the experimental manipulation. For Experiment 3, ¢hfogafaces used

in Experiment | and Il were morphed as dominance neutral accord{@psterhof & Todorov, 2008)

An additional dominance neutral face was created and used in the practice phase of all three experiments
(same practice phase$tudy I1). All video clips were created manually using FaceGen Modeller Pro
(http://facegen.com) as a series of 101 scredastmal these screenshots were rendered at 30 frames per
second using Adobe Photoshop CS6 corrugator superciili (Adobe Systems). In order to apply ecologically
valid facial expressions on the facial stimuli material, guidelines according to the Facial Goting

System (Ekman & Friesen, 1978) were followed. For the calibration trials and the main experimental
manipulation in all three experiments, the combinations Action Units (AU) 6 + 11 + 12 for happy

(smiling) facial expressions and again AU 4 + 7 #@&3angry (frowning) facial expressions were used.

A figure illustrating the use of the facial stimukedin Study 111 duringthe experimental manipulation

is illustrated in Figure 2. Every video presentation trial was followed by a 5.5s inter stimalwsl. For

the dominance hierarchy learning phase in Experiment 3, the combination AU 4 + 7 + 23 was used for
angry facial expressions and AU 1 + 7 + 10 + 25 + 26 for fearful facial expressions (See fig 3.).

3.2.1. Feedback stimuli

In Study Il andparts ofStudy 111, the unconditioned stimulus (electric shocks) consisted of ar00
DC-pulse electric stimulation (administered using the STM200; BIOPAC Systems) that was applied to
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the participant’ s r i (eptfuSoudydll, EXperiment2)Hawevembr a | | studi
Study 111, Experiment 2, thenconditioned stimulus consisted of a short beeping sound (200ms) at
144Hz whichwasproducedhroughour OUT102 device (BIOPAC Systems).

A

A

e
6000ms

B 5500ms

Incongruent

5500ms

- Congruent
6s /
s

Figure 1, (Study II). Presentatiostructure of stimuli material in the experimental manipulathn.

6000ms video clips of faces (faces of target interactants) forming either happy or angry expressions were
presented and superseded by a 5500m®ITDne of the target interactants was assigned the congruent
condition while the other target interactant was assigned the incongruent condition. In this avoidance
learning task, the participants learned by taiatterror to avoid mild electric shocks bymrssing the

same (congruent) or different (incongruent) expression in response to the expression of the target
interactant. Each target interactant was assigned to the congruent or incongruent condition. Each video
clip of a target interactant was preshfor a total of 6000ms where in the initial 500ms, the target face
displayed a neutral expression and subsequently formed either a happy smile or an angry frown for 5.5s.
Each video presentation trial was superseded by an ITI.



Figure 2, (Study I11). The participants learned by trahderror to avoid electric shocks by expressing
the same (congruent) opposite(incongruent) expressidn Experiment 1 and Experiment Bwo
dominant faces and two na@tominant faces were assigned congruent and incongruent condition
respectivelyA. lllustration of an incongruent trial, in which the participant erroneously responds
congruently and receives a shoBklllustration of a cagruent trial, in which the participant correctly
reciprocates the smiling target face resulting in the absence of a shock. The outcome of the shocks was
entirely deterministic, upon forming the correct facial expression, the participant always avdided a s
while upon forming the incorrect expression, the participant always received a heckain
experimental manipulation ®tudy 111, Experiment 2 was identical to that of Experiment 1 and
Experiment 3 with the exception replacing shocks upon incoresponsewith a rewarding sound cue
upon formingcorrect responses.

Figure 3, (Study I11). Dominance hierarchy learning phase example in Experiment 3. The dominant
demonstrator to the right displays an angry facial expression, whereas tlemimantdemonstrator to
the left responds with a fearful facial expression.
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3.3 Functional magnetic resonance imaging

In Study I, we used Functional Magnetic Resonance Imaging (fMRI) which is a neuroimaging technique
mainly used foexperimental applications. There are numerous advantages to using fMRI relative to other
functional neuroimaging techniques for research applications. A major advantage of using fMRI over
other methods afieurdmaging, is that acquiring blood oxygen ledeljpendent (BOLD) signals is neither
invasive norradioactive, and can thus be used without any harm to the particifpddRisis oftenusedto
determine thdrain responses tiifferent kind of behavioral and cognitive taskihe BOLD fMRI

signalcan be obtainedhenever a particular region in the brain is active (i.e., neurons fginggblood

flow to that region also increagBrown, Perthen, Liu, & Buxton, 2007; Logothetis, 2008; Logothetis &
Wandell, 2004) The fluctuating changes in the BOLD sidjican be detected over time, and these signals
represent a proxy measure of neural actiflitygothetis & Wandell, 2004; Stoewer et al., 20I29spite

the fact that the application of fMRI has been Viemtful for examining the neuraksponses tmany

different tasksthere are limitationSOne common methodological complication when using fMRI is head
movement, which affesthe quality of the scans and the functional inferences that can be made from
them(Khanna, Altmeyer, Zhuo, & Steven, 2015; Yendiki, Koldewyn, Kakund&@nwisher, & Fischl,

2014) This is of importance since head movement can cause voxels to-aégned with the exact
corresponding brain regions across the entire scanning session. In order to minimize this issue to the best
of our abilities, we sked our participants to keep their heads as still as possible during the experimental
session. Furthermore, we used extra padding in the radio frequency (RF) head coil device to further assist
to maintain their heads stationed in the designated placéhé-cemaining inevitable movements, we

usedthe standard tools for image preprocessin§M 10 (Statistical Parametric Mapping, Wellcome
Center for Neuroimagingjo account for head movement during sc&ve.did not need to exclude any
participants due to excessive head movement in the fMRI study.

3.4. Facial electromyography biofeedback

In Study Il andStudy 111, we used our own novel biofeedback method whdeeial response was

defined as when eithend activity in the corrugator supercilii or zygomaticus major reached 0.001mV/s
(averaged over 30 samples at 1 ki¥)et al., 2021) If this threshold was reached, the participant either
avoided or received a shock. The response variable was scored as either 1 (for correct responses) or 0 (for
incorrect responses) for each trial. The response time was defined as the difference in time in seconds
from sti mul us o ns eached tha 0.001mY/fteresipold fot eitherithe aygomaticus

major or corrugator supercilii muscular activity.

In all analyses, trials with a response times below 626ms were excluded (618 out of 5568 trials for Study
I1) because these were judged to indicatecompliance with the taglsonnbyBorgstrém, 2002)The

choice of cuoff time was based onéhiming parameters of our dynamic faces, which held a neutral
expression for 500ms before forming either a frown or a smile. It is likely that most trial exclusions were
caused by participants accidently triggering the EMG apparatus, for example, timanightary

twitches of their facial muscles. Additionally, trials with a RT above 5s were considered outliers and
removed (only one trial fdstudy I1).

3.5 Mixed effects models

To account for repeated measures, missing data points asitutteire of our random effects, we used

R (R Core Team, 2017) and Ime4 (Bates, Maechler, Bolk¥atker, 2015) to perform generalized

l i near mixed models to analyze the participants’
was scoredseither 0 or 1). We adopted a significateseel of p < .05Linear mixed models were used
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to anal yze t htenspranedtRil.cNe pdaptet & stepwise model selection by initially
including the total effect of our fixed effects and all theisgible interactions and we then removed
fixed effects by comparing thev@alues of the fixed effects and Bayesian Information Criterion (BIC)
values. These values were obtained using the packages Ime4 (Bates et al., 2015) and Imertest
(Kuznetsova, Brockhéf& Christensen, 2017) in R. Furthermore, if models did not converge, the
selection of those models were abor#llithree studies in this thesis used mixed effect models.

3.6. Ethical considerations

The overarching research question within my projeagto investigatéhow to we learro ascribe values

to our own facial expressions as a function of another individuals facial expressions in conjunction with
puni shment ; “unpl e desamulatiorb bButthermare, waeraimterestedlin"howt a c t
social relevant information such as gaatual/physical and social properties (e.g. emotional valence in
facial expression, gender and ethnicity) influence these cognitive processes. In orders®thddeecore
research questions pertaining to learning through aversive feedback we adedtastde stimulation in

the form of mild electrical shocks.Wasnecessary for our experimental procedures tdaesback

which wasexperienced as unpleasamorder toinserta sense of motivation to avoid theld electrical

shodks. However, as previously mentionehe tactile stimulatiomvasnot supposed to be experienced as
painful and we nevarsedranges of voltage thabuld potentially induce physical harm. Furthermore,
since people vary widely in their sensitivity to tactitanulation,we used percepticguidedintensiies

for each participant. In this calibration process, the participahthiesfinal word in regards tdé¢ shock
intensitylevel andcould change the chosen intensftithe stimuli wergoo unpleasantAlso, the

participans werereminded of their right to terminate their participation at any given moment without any
further explanation. Another set of iesuthatvererelevant for ethical consideratioverethe protection

of personal information thaterecollected from the participants such as nactne¢ registration number
gender and age eteurthermore, articipantswerealso asked to fill out a set of psychometric
guestionnaires measuring different psychological attributes such as proneness to anxiety and emotional
instability. This process might be perceived as uncomfortable to shdaitionally, we collecédsaliva
sanples in order to collect genetic information. Wedma very clear and explicit emphasis that the data
thatwascollected and eventually publishdwht itcannot not be linked nor traced to any individual
personal information. All of the personal informaeat thatwerestored adheres to the regulations to protect
personal infomation General Data Protection Regulation (EU) 2016/6 Z0OPR’).
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4. Overview of studies

In the following sectiog, | will briefly summarize the primary findings and conclusions of the individual
studies. For further details, | refer the reader to the full manuscripts attached at the end of this thesis.

4.1. Study I: Endogenous opioids regulate social threat learning in humans
4.1.1 Study I: Background and rationale

In humans and other species, survigglartly contingentontheinformation learned from others
regardingwhat is potentially dangerous in the environmdihe facial expressions of pain and feafr
conspecificsn our proximity are used asgnalsto associatively learn and predict what should be
regarded as a thre@drith, 2008; A Olsson et al., 2007&)owevet the underlying neurochemistry
governinghowothess © a v er s i vidluercroprewniresporsesof fear and defense remains
unexplored.

Previous research hasgued that teachingsigsa@ler i ved from observing the ou
update the observer’s own expectati orf(Behrans,d pr edi c
Hunt, Woolrich, & Rushworth, 2008; Mobbs et al., 2009b; Selbing, Lindstrém, & Olsson, 2014;

Seymour, Singer, & Dolan, 20QAccordingto this assumption, it has bedamonstrateth seveal

species that observing conspecifics responses-tEPairingsactivatedefensive responses towards the

CS in the observaandthatthis process involveactivity in the amygdal@Johansen et al., 2014; S.

Maren, 2001)However, the newnal circuitry that processes tligformation pertaining to the

observational US during learning is not well understoodremttasits underlying neuropharmacological
underpinningdbeen exploredA potentialpossibility is that direct and observational threat learning

involve similaractivity regardingneurotransmitteyto process learningsignal tharegulatesefensive

responses to the CS. Thissumptiorsuggestshatendogenous opioid systemay have atmportant role

in observational threat learningast research has revealed thatural circuitinvolving the amygdala,

midline thalamus and the PA€@mputes predictions of directly experienced outcofgspert et al.,

2008)

4.1.2. Study I: Results and conclusions

In summary, our study shadthat learning about threatsrough observingthers igartly regulated by
opioid receptor. Specifically, we found that th@oid antagoniseffecton opioid receptors enhanced
responset 0 t he ot her jconmparediddeplacébocendittbm o tclarigy,sve observed
enhanced responses to tieservational US in the amygdala, midline thalafftigure 4)and the PAG
(Figure 5)whereby we observedore persistent observatiorthfeatconditioning. The response pattern
in the PAG displayed theatternsof alearningsignalpreviouslydescribedn experiments itnumans and
rodentsduring directaversive Pavlovian conditioninfeippert et al., 2008)urthermore theenhanced
responsetot hr eat 7 2-frde)wéreptedicted iy dmygdgla activity towards the observational
US in the Naltrexone, but not in the Placebo group.

12



A,.. 2 F @ Naltrexone (N=22)
03 " r=0.650
E¢c 15} P=0.001
35 O
o] * @ Placebo (N=20)
8 1T r=-0.059
R g P=0.
O% 05l 0.8
N 8

48]
HhO 0
Qe 6.5
i N )
é’:’ 8 0.5 8
(O] @
n 8 —‘1 B ’L

ped | L

1 1 1 1 1 J 0

-4 -2 0 2 4 6
Obs US during obs learning
(right amygdala, a.u.)

=

*

-

0

(bil. Amygdala, a.u.)

Observational learning
Obs US > no obs US
T-values

I Naltrexone (N=22)
Il Placebo (N=21)

Figure 4, (Study 1). Long-term expression test antbservational learning\. Amygdala responses to the
observational US predicted enhanced psychophysiological fear responses in the Naltrexone, but not the
Placebo, group 72h latd8. Amygdala responses to the observational US were enhanced in the

Naltrexane group compared thePlacebo controls specific response to obs US and no obs US trials).

‘Obs US’ refers to responses to the observational
are not followed by the US. The erloars represent the stdard error of the mean andniaps are

superimposed on an average structural image with a threshg(EBWE, wholebraink 0.05 for

illustrative purposes. Asterisks indicate significant differences between groups
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Figure 5, (Study 1). Temporaldynamics during observational threat learniAgBrain BOLD responses

to the observational US in the Naltrexone compared to the Placebo group resampled to 1 cubic mm

voxels B. Blockade of opioid receptors in the Naltrexone group enhances responses tinward
observational US in the PAG and midline thalamus
responses to the observati on aodutcdiss ttmmerenot folloved bs US’
by the USC. Temporal dynamics of the midline thalamus (upper) and PAG (lower) indicates
diminishingresponses to the observational US as a function of learning in the Placebo group and

sustained observational US responses in the Naltrexone group.
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4.2. Study I1: The face value of feedback: Facial behavior is shaped by goals and punishments in
interactive dyads.

4.2.1 Study I1: Background and rationale

Daily life includesa seriesof socialchallenges that can lmeanagedbyl ear ni ng t o change on
behaviorby reflectingon past experienseForinstanceif anothempersonapproaches you with an angry
facial expressionyour resporseto that persoiis most certainlyhighly importantfor the outcome of it
encounter. You maghooseretaliate by formig an angry expression in respornberebypotentially
enteradangerous circumstagoor adopt a more cautio@proach by smilingn order to lowethe risk

of getting harmedn the case theecondapproach is chosen aad a resulthe other persomerely
walkspast you youcan draw the conclusion thatorder tonot get harmedy that individuaJ you should
smile whenevethis persordisplays a harmful intent toward yoiddaptive and activadjusing ofo n e’
social, communicative behaviorgsucial in ordeto remainsafe in social environmengdack & Schyns,
2015; Olsson, Knapska, & Lindstrom, 2020; Wang & Hamilton, 20H&hce anvital questiornto
address isvhat theunderlyingmechanismsef learring and deciding about, our facial behaviapon
interactionwith other individualsarein dangerous social situatiarihus, we developed a nanethod
basednlinebiofeedbackvheree | ect r omyography (EMG) siwemal s from
registeedwhen theyinteracedwith other target interactants (facial stimdtyming dynamic facial

expressions in order to study this research questiom possible aversive consequence of choosing the
‘“wrong’ expr essi opendingtheatofirecdivdng imikel dlectnical sttmil&tion as a

function of smiling and frowning towards the other target interactamssimmary, the participants

S
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learned to avoid shocks through traald-error by expressing the same (congruent) or different
(incongruentexpression to the presentidlgetf ace. We measured the particip
(CR) and response time (Rd)iring this experimental manipulation

4.2.2 Study I1I: Pilot studies summary

We ran two pilot studies fa@tudy Il in order to reach the final desighhe first pilot study was used to
develop and finalize the biofeedback metho&toidy 11 by addressingechnical bugsinderrors(N =

34). The second pilot study wasmilar to the main experimental manipulatiorsiudy 11, with the
exceptions that it consisted of fewer trials (64 vs. 96) and tisgebond pilot study included

probabilistic outcome@N = 20) To clarify, we used the design presented in Figure 2, with the difference
that participants did not alwaysad an electric shock upon forming the correct facial expression and nor
did they always receive an electric shock upon forming the incorrect facial expréssiead, we used

an optimal and suboptimalitcomeversion of the experimental manipulationStudy 11, whereby,
participants had a 75% chance to avoid an electric shock upon forming the correct (optiptaise

while they had a 25% risk of receiving a shock upon forming the incqoetiinal) respons. The data
retrieved from the second pilot study was used to estimate the samgte Sizedy 11 using a power
simulation method describé@elman, & Hill, 2010)

4.2.3. Study I1: Results and conclusions

In summary, westablishe@ newonlinebiofeedback methadogy in orderto study aversivéearning
duringindividuals exchange facial expressions with each oMere specifically, we modelled social
scenariosvherefacial expressionformed toward stranger targeteractantzould result in genuine

aversive consequencesf t he “incorrect ” .flneadditien]wedemopstrageshati on wa s
participans improvedtheir facial expression selectitiroughout thesimulatednteractive dyads in order

to avoid aversive feedbackhis resultvalidatesour novel biofeedback methaldat weoriginally set out

to test for its validity Additionally, we observed aoticeable congruency effeehere weshowedthat
participantperformed bettei,e.,improvedcorrect response (CR) the congruent condition vs. the

incongruent conditionTheseresuls indicate thatongruenly exchangng facial expressionfacilitates

the |l earning process of a,dhusdedensmigeliimodefchmosiogan f aci al
incorrect facial expressiotlustrationsof meanCR modulated byExpression and Congruenayeshown

in Figures6 and 7. Furthermoredrift-diffusion model§DDM) were usedo capture the information

processing underlying the selection and tinpiagametersf facial response$n our DDM modelswe

showed that congruend@yfluencedboth the drifrateand boundary separation parameters of the model.

The greater boundary separation for the congruent vs. incongruent conditions indicated that participants

were less likely taommitspeedaccuracy tradeff errors in congruent trialsince theyesponded mre

slowly in these trials. However, the greater drift rates for congruent trials resulted ultimately in both faster
average response times and correct responses as we observed in the congruent carptajamsal

summary oour DDM modelds illustrated in FigureB.
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Figure 6, (Study I1). Average correct response as a function of Congruency and Expréxsiticipants
performed on average better in the congruent condiflote. Target Expression refers to the facial
expression formed by the target interactant. Error bars represent standard error (SE).
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Figure 7, (Study II). Average response times (seconds) as a function of Congruency and Expression.
Participants perforedoverall faster on congruent trials. Note. Target Expression refers to the facial
expression formed by the target interactant. Error bars represent stamda{&E). ¥Yaxis is truncated.
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Figure 8, (Study II). Histograms over posterior contrasts for parameters of the drift diffusion model. A.
Contrast between congruency conditions, marginalizing over target expression, on the drift rate. B.
Contrast between target expression on drift rate, marginalizing orgrusncy conditiongC. Contrast

between congruency conditions, marginalizing over target expression, on boundary separation. D.
Contrast between target expression on boundary separation, marginalizing over congruency conditions. E.
Contrast between targexpression on starting point bias parameter.

4.3. Study I11: Facing threat: Facial but not learned dominance affects learning of optimal facial
expressions in incentivized social interactions.

4.3.1 Study I11: Background and rationale

The reality of social interaction is far more complex than our paradig@tudy Il andthus,the
experimental paradigmn Study 11 suffers from a limitedyeneralizabilityto real world social phenomena
We therefore set owd exterd the ecological validityn Study 111 by examinng if asocially relevant
facialtraits such as facialominancgOosterhof & Todorov, 2008 ffectedthe interactive decision
making process involved in the excige offacial expressions.

The human face is a rich and mudtmensional source of information to which we ascribe both stable
features, such as facial dominameean anatomic bas{®osterhof & Todorov, 2008), and transient
behavioral characteristicsych as emotions and intentions, such as, the intention to harm when displaying
a frown(Tamir & Thornton, 2018)Past research has shown that dominant facial traits, such as increased
jaw-size and pronounced eyebrow ridge are perceived as more masculine and threatening than the
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inverted traits (smaller jaagize and less pronounced eyebrow ridgt)lzleitner et al., 2014; Todorov et
al., 2013) Facial dominance also predicts successful social méson different settings, such as
advancement in military rankingL o e h r & O ‘arld alectton outzdn#k®nz & Lawson, 2011;
Olivola et al., 2014, 2012Additionally, increasedllocation ofselective attention toward dominant faces
among perceiversave been demonstrated in previous studies whereby attentional biases were shown
towards high dominaneleased status in gaze cue paradig@tzeng, Tracy, Foulsham, Kingstone, &
Henrich, 2013; B. C. Jones et al., 2010; Maner et al., 2608hermore, in facial stimuli flash
suppression tasks, dimant faces are detectawbre readily than nedominant face§Abir, Sklar,

Dotsch, Todorov, & Hassin, 2018a).

Whereas previous research has investigated how people perceive and respond to both dominance cues and
facial expressions, there is no prior @& investigating the question of how dominance cues and
transient facial expressions interact to shape on
exchange. This is important as the exchange of facial expressions, such as the mutual exshalege of

when greeting, is paramount to successful social interactions in a wide range of settings, from the

hierarchy in avorkplace to attracting sexual partné®s Sapolsky, 2004; R. M. Sapolsky, 2008)e

appliedthe experimentainethod developed igtudy 11 (Yi et al., 20210 examine the prinples of

learning and response selection governing facial interactions with dominant addmorant social

interactantgthe facial stimuli that the participants exchanged facial expressions with)

4.3.2 Study I11: Pilot studies summary

We ran three pilot studies f6tudy Il in order to reach the final desigrhe first pilot experiment
consisted of an wgroupvs. out-group manipulation where we used northern European facesyesup
stimuli and middlesastern facefzan der Schalk, Hawk, Fischer, & Doosje, 2014bputgroup stimull
using the experimental task designe&tuady Il (N =17). In the second pilot study we used dominant vs.
nondominant fa@l stimuli (Oosterhof & Todorov, 2008yith an experimental design consisting of four
blocks. In the first block participants encountered either two dominant or twdamimant interactast
(whetheror notdominantor non-dominantinteractants were presented or not in the first block, was
counterbalanced across participant§in the first block,dominant interactants were presented,-non
dominant interactants were presented in the subsequent block and vice versdoifmmaant faces were
presented in the first blocklence, after transitioning from one block to another, the dominance status
the interactantsvas always changedhe third pilot study was identical to the experimental manipulation
in Study 111 (N = 15), Experiment 1 and the data from the third piltatdy was used to estimate the
sample size fostudy I11 using a power simulatiomethod describefGelman, & Hill, 2010)

4.3.3 Study I11: Results and conclusions

Firstly, we observed clear effects of congruencglinhreeExperimens of Study 111 where participants
performed better (higher CR) on congruent trials compared to incongruentapiéating the findings in

Study I1. Secondly in Study 111, Experiment J(Punishment) and Experiment 2 (Reward), participants
responded particularly faffiast response timeso anatomically dominanhteractantsvhen these
interactantsvere forming angryrowns compared to when the sadwminantinteractantsormed happy
smiles.Furthermore, unlik&tudy 11, participants did not respond faster on congruent vs. incongruent
trialsin Experiment 1 and Experiment2eemingly, the influence of facial dominance cancelled out the
effects of congruency on response times by overriding its effects. A possible arplémathe lack of

faster RT on congruent vs. incongruent trials might be due to the reason that dominant faces (Oosterhof &
Todorov, 2008) are detected more readily than faces manipulated across other social dimensions (Abir et
al., 2018a)Thirdly, in Experiment 1 (Punishment) and Experiment 2 (Reward), participants responded
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particularly fast to facially dominant interactants when these interactants were forming angry expressions
(Fig. 4d, Fig 4e), suggesting increased likelihood of speedracy tradeff errors toward angry

dominant interactants. To clarify, participants responded particularly quickly toward target angry
dominant interactants (often through reciprocation) and performed poorly during these interactions (low
CR). Additionally, in Study 111, Experiment 3, we did not observe any main effect nor interactions

effects of the dominance hierarchy manipulationing the main experimental manipulatiewen though
thedominance hierarchy manipulatiaras successful as shown in Figdfe However, Experiment 3

might have been underpowered compared to Experiment &i&c2 in Experiment 3, we only included

29 participantsConclusively, we can state that facial dominaaceording tqOosterhof & Todorov,
2008)influences the learning process of optimizing facial expression in interactive dyads, in both
aversive and reward learning contefgure9 andFigure 10summarize the findings all three

experiments irstudy 111 usingCR and RT as dependent variables respdgtive
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Figure 9. Correct Response results from Experiment 1, Experiment 2 and ExperimeéntExperiment
1, CR was higher on congruent than incongruent tiiallsn Experiment 2, CR was higher on congruent
than incongruent trialas in Experiment Ik, In Experiment 3, CR was higher on congruent than
incongruent trialgs in Experiment 1 and Experiment2In Experiment 1, participants performed

particularly poorly on trials where they had to respond with smiles to dominaraictatiets forming angry
19



expressions, Participants performed particularly poorly on the condition when they had to respond with
smiles to dominant interactants forming angry expressions in Experiment 2, however, this effect was not
as pronounced as in Esqgment 1f, We did not observe any interaction effects of congruency,

expression or dominance in Experimenh8te.Target Expression refers to tamotionalexpression

formed by the target interactant. Error bars represent standard erroA$Eg.y-axes in this figure are
truncated. The presented data in this figure consist of raw data and not a model fit.
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Figure 10. Response time results from Experiment 1, Experiment 2 and Experineefe8ticipants did

not respond faster on congruent trials vs. incongruent trials in Experimgriedrticipants did not

respond faster on congruent vs. incongruent trials in Expet 2 as in Experiment 2, Participants did

not respond faster on congruent vs. incongruent trials in Experiment 3 as in Experiment 1 and Experiment

2.d, In Experiment 1, participants responded faster on dominant vadaramant interactants and this
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effect was enhanced whenever a dominant face frowned vs. seniledExperiment 2participants
responded faster on dominant vs. fstlmminantinteractantand this effect was enhanced whenever a
dominant interactant frowned vs. smilaslin Experiment.if, In Experiment 3, we did not find any
effects of dominance or congruen&yror bars represent standard error (S)te. Target expression
refers to theemotionalexpression formed by the target interactatitthe y-axes in this figure are
truncated. The presented data in this figure consist of raw data and not a model fit.
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Figure 11 (Study I11). Social rank discrimination sco(8RDS)increased as a function of trials. Error
bars represent standard error (SH)e y-axis in this figure is truncated. The presented data in this figure
consists of raw data not a model fit.
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5. Discussion

Improved knowledgef how welearn fromaversive experiences in social contexts is critical for

understanding human interactive behavior. Theraschingaim of the studies presentedthin this

thesis was to investigate how averdearningisi nf | uenced by observing and i
facial expressiongrincipally, we aimedt developng experimental paradigmand method$o capture
theseeffectsandto model ecologically valid redife scenariogpertainingto thesgophenomenan Study

I, we examined theole of theopioid systenduringobservational threat learnifigpmo t her s’ di st r e
responsesandwe found thatblocking opioid receptors resdtlin enhanced and persistent threat

conditioning.In Study 11, we devéoped a novel biofeedback method based on EMG sigviaseby we

validated our newmethodby showing thatearning to optimize facial expressiansinteractive dyads is

modulated by the congruency of responses and the facial expsasfsiba interactantStudy 111

showed that facial dominan¢@osterhof & Todorov, 2008hfluenced learning in both aversive and

reward learningontexts Additionally, we observed that participants responded particularly fast to angry
dominant interactants dyabituallyreciprocating thie angry facial expression.

We showed that learning about threats through observing others is regulated by opioid regajtors
to how opioid activity regulates learning of direct thrieeitudy I (Eippert et al., 2008)Our findings
proposea novel neuropharmacologigagrspectivef observationalhreatconditioning that iof
relevancdo understad socialthreat learning responsé3bservationathreatlearning likely shares
fundamental associative learning mechanisndirext learning of threaf€C. Heyes & Pearce, 2015)
Previous studies in humans amrhnge ofotheranimals have demonstrated that social transmission of
defensive responses toward danger cues is highly eff¢txamec & Sullivan, 2014; Jeon et al., 2010;
Knapska et al., 2006; Mineka & Cook, 1993; A Olsson et al., 2007b; A Olsson & Phelpsa@i04)
Study | provides novel evidence that our opioid circutissistausto flexibly adapt to harmful and
dangerous situations based solely on observational social information, despite the lack directly
experienced harm. Our resudtie also alignedith earlier researchhowing thabur opioidergic

learning circuitrytranslategpainful and aversivevents into expectatior{Blchel, Geuter, Spreeg &
Eippert, 2014; McNally et al., 20L1)his circuitry includes subcortical structusegchas the amygdala,
PAG and the medial thalamus, together wiittmedial prefrontal cortegMcNally et al., 2011)
Additionally, our findingshowingthat the temporal dynamics tife PAG is predictiveof observatioal
threat learning i line with relativelyrecent findings in animalsevealingthat prediction error coding
in the PAG and the amygdala, modulathe degree afiversive memorgonsolidatiorduring learning
from direct aversive experienc@@zawa et al., 2017While past research has shown that this dpioi
relatedbraincircuitry computes predictions of directly experienced outcomes, our results provide
evidence that these processes are also involved in outpamamingto observational learning. Our
results aralsoin line with pastresearch demonstrating that olvsgional reward learningelies on

similar neural mechanisms that process directly experienced outcomesvacimssspeciegBehrens et
al., 2008; Burke, Tobler, Baddeley, & Schultz, 2010; Chang et al., 2015; Chang, Gariépy, & Platt, 2013;
Mobbs et al., 2009aJherefore, this opioigielatedcircuit may code for representations of not only direct
aversive outcomes, but also, indirect ones.

In Study I, we provide evidence for a noweturobiologicamechanism of social threat learniwgth
limitations. However future studies should exploteetinfluence of opioid antagonistsather important
forms of social learninguch as instrumental threat learn{ggch as irStudy 11 andStudy I11) in order

to test for generalizabilitgf the effects observed in tHisudy I. Theresults fromStudy | shows thabur
own endogenous opioids which alleviate our experience of directgisaplays a role irencodingsocial
threat learning from pain that is transmitted solely through observation. In summary, social learning
mechanismsnight rely on opioidergic circuitry which is responsive to digainin order to learn more
effectivelythrough observational learning without the cost of a direct experience.
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Moving on toStudy 11, we developeda newonline biofeedback method tmodelaversive learning
when participants exchanged facial expressigith unknown target interactantghere inappropriate
facial behaviorhad real and aversive consequences fopéngcipant Firstly, we showed that
participantdearredto improvetheir facialbehaviorin this task Secondy, participants performed
especially well when thelyad to respondongruetly to the interactantshowingthatcongruency
facilitatesfacial expressionptimizationduring facial expression exchande our DDM analysesve
observecdh greater boundary separation for the congruent vs. incongruent conditiasindicates that
participants were less likely fmerformspeedaccuracy trae-off errors in congruents. incongruent
trials due toengagingn slower responses tongruentiials. Howeverwe also observegdreater drift
rates for congruents. incongruentrials which ultimatelyresultedn both faster average response times
andhigher rate otorrect responses as we observed in the congruent condiiansongruent
conditions Also, we observed that participants performed better on trials where the target interactant
smiled comparedtwhen they frownedccording to our expectatiarfsurthermorethis effect was
enhanced whethe participants had to respoocoingruentlyto a smiling target stimulus vsfrawning
target stimulus as revealed by our mixed effect mddds 6). These resultwereexpectedsince
congruent responding foownsis more likely toresult in aversiveocialoutcomeghancongruent
responding temiles(Hess & Fischer, 2013; Keltner & lith, 1999; Parkinson, 2011 Moreovet our
DDM results providedrmadditionalpossible explanation fahis resultsincewe showedthat there was a
bias to reciprocate smilingteractants oveirowning interactantsConclusively, ar findingspertaining
to the effects of target expressiprovide novel insights into sociabntextual views of emotional
mimicry (Hess & Fischer, 2013; Keltner & Haidt, 1999; Parkinson, 201Ehbwingthat the increased
tendency to reciprocatamiles vs. frowns is not caused by differences in the rate of evidence
accumulation toward choosing to form either expression (drift ratejnstead, we show thédss
evidence is requiredn averagéo reciprocate a smile vsfiwn (bias).Ultimately, we hope that our
findings and methanlogicaladvancementwill aid theorists developing models of facial mimicry and
ouruse ofDDM decomposition will likely be of considerable further use wbempled additionaheural
and physitogical correlates Wwerethe aim is tdurther theunderstanding afnechanistielements
underlying the decisiemakingprocesof facial information exchange.

In Study Il, we aimedat developing a nov@xperimental moddb investigataealtime exchange of
facial information involving feedbackith the goal of openingvenues to study increasingly complex
versionsof social interactiondn reality, our interaction partners also differ across various socially
relevant dimensions such fagial features such as gender, age, dominance and trustworthiness
(Oosterhof & Todorov, 2008)nd these elements influertbe interactive decisiemaking process
involved in the exchange fdicial expressions. Hence, we proceeded to corshucty 111 in order to
further complement and extend udstudy 11.

In Study 111, we used the novel method develope8tindy 11 to examine instrumental learning to adjust
facial expressions as a functiohfacial and learned dominance as well as feedback type (punishment vs.
reward). Firstly, we found that participants performed better on avénager CRwhenever

anatomically nordominant vs. dominant faces were presented regardless of whether the nttere of
feedback was punishment or reward in Experiment 1 & 2 respect8eatpndly we observed clear

effects of congruency iall three Experiments &tudy 111 where participants performed better (higher
CR) on congruent triakgs. incongruent trialsAlso, in Study |1, using the same paradigm, without
manipulating facial dominancparticipants responded faster on congruent vs. incongruent trials (lower
RT). However, inStudy 111, participants did not respond faster on congruent vs. incongrueniririals
Experiment 1 and Experimenti2 Study 111, in Experiment land Experiment 2, participants responded
particularly fast to anatomically dominanteractantgmain effect) Similarly, previous research has
shown that the facial dominance dimension (according to Oosterhof and Todorov (2008) facilitates
detection of &cial stimuli flash suppression tagiksbir et al., 2018)Abir et d., 2018 showed that
increasing facial dominance facilitates conscious detection of faces (expressionless faces). In other
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words, anatomical faal dominance seems haveenhancd fasterresponse tingto a target interactant
irrespective of whether theyeresmiling or frowning.Taken together, this suggests that facial

dominance may override response conflicts caused by congruamtoarsgruent visuomotor

contingencies. In order to further resolve the question regarding whether this is the case or not, future
studies should rely on methods such as electroencephalography to test for whether attention toward
dominant faces with neutrédcial expressions evokes faster eveatated potentialéHenry, 2006fhan

to smiling or frowning dominaneereutral facesAdditionally, in Experiment 1 and Experimentthin

Study 111, participants respondddster to smiling nordominant faces vs. smiling dominant faedsle
responding fasteo angry dominant faces vs. smiling rdominant facedt has previously been shown

that participants are faster at detecting angry facial expressions on male faces compared to female faces
and vice versa on smiling facial expressi¢@saman, Juth, & Lundqvist, 2010furthermore, facial
masculinityis also very highly correlated with facial dominance and thfEadlorov et al., 20130 it is

not unreasonable to assume that angry and happy facial expressions are detected differently as a function
of facial dominance. Indeed, past reshdras demonstrated that highly dominant faces are no longer
perceived as dominant if threat elements are removed from thesé¢Tadesmv et al., 2013)hence,

facial dominance and facial threat and masculinity seem to be intricately linked with each other.
Conversely, when exchanging facial expressions with faciallydooninant interactants in Experiment 1
and Experiment 2, particips responded faster to smiling rRdominant interactants (punishment in
Experiment 1 and reward in Experiment 2 respectively.) vs. smiling dominant interactants (Fig. 5). Our
data suggests that the interaction of facial dominance and the emotionaliergrekthese interactants
influence the speed at which we respond with our own facial expressions to these inteFadiaets.
studies should use dridtiffusion modelgRatcliff & McKoon, 2008)in order to validate and to test for

the underlying mechanisms of a spe@etduracy tradeoff in similar data sets.

In Study 111, Experiment 3, we did not observe any effects of the dominance hierarchy learning neither
in regards to CR or RT as dependent variables respectively. Our previoug-atgr, Molapour, &

Olsson, 2016pbserved enhanced acquisition and more persistent extinction of learned threat responses
toward dominaninteractantsn a classical Pavlovian threapnditioning paradigm. Similarly, to

previous studiefHaaler et al., 2016; B. C. Jones, DeBruine, Little, Watkins, & Feinberg, 2011)
participants learned over trials destinguishwhich interactants wer@ominantand nordominant
respectivelysee fig.11). However, the ensuing main experimental manipulatigtudy 111,

Experiment 3 was an instrumental learning task which was a fundamentally different procedure than a
classical threatonditioning paradigm used (iaaker et al., 2016; R. M. Jones et al., 20l ytudy

111, Experiment 1 and Experiment 2, the facial dominance cues were reinforced in every trial during the
experimental manipulation (e.g. dominant or 1slmminant at each trial). However, $tudy 111,

Experiment 3, the dominance hierarchy manipulation toolegaior to the experimental manipulation

and the different facial dominance status was not relevant to correctly respond to the task in the
experimental manipulation. Therefore, memories of the dominance hierarchy knoWwetgpeired by
SRDS)may have su#fred from extinction during the experimental manipulation. How&tady 111,
Experiment 3 stildl provides evidence that that t h
(Haaker et al., 2016; R. M. Jones et al., 2@ldes not influence an immediately following instrumental
learning task while it affects an immediateset of Pavlovian conditioning task. In the future, to control

for possible extinction of the memoriesSRDSit would be important to check for dominance hierarchy
knowledge upon completion of the experimental task which was not included in Experiment 3

In summary foiStudy 111, we extended on the method developeStirdy 11 to simulate aversive

learning in facial expression exchange by adding the additional dimension of facial don{Dastezhof

& Todorov, 2008) We replicated the findings that participants performed betteorgruent vs.

incongruent trials across allrde experiments. Furthermore, we demonstrated that facial dominance
(Experiment 1 and Experiment 2) influenced the gradual learning process of facial expression selection.
Particularly in the sense that participants performed poorly toward angry dommitemattantsOur aim
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was to provide an experimental model of fifal interactive exchange involving facial information
pertaining to both facial expressions as well as facial dominance in conjunction with punishment and
reward modalities of feedback. Videpe that thiStudy 111 opens up new avenues to study increasingly
complex aspects of social interactions.

So how dovelearnfromot her ' s f a caswell as &arnpthraughteraaing with the facial

expressions of others? The studies presented within this thesis propose potential explanations for why and
how individuals might respond the facial expressions otherinteractantslue todifferent social

contextsWe alsodescribethe limitations of our paradigms:irst, Study | showedthatour endogenous

opioid systemcodefor social threat learningiechanism$rom pain that is transmitted througie

observatorof ot her s’ f. Moweévex It stileremyans ensleanwltether the opioid system is

involved in other forms of social threat learning other thiaservational threat learningor example,

thesefindings pertaining to the opioid system might generatizather forms of social threat learning.

Therefoe, future studies, both behavioral and neuroslatingto social threat learnindnave to be

conducted in order to make assertive claimisaf theopioid systenmediates social learning on a

holistic level Secondlyin Study Il, we observedthate ar ni ng t o respond to ot her
was facilitated bypasiccongruency mechanisms as revealed by our DDM and RL models. However, the
expression of the target interactant influenced t|
expresion in order to avoid shocks since participants were better at learning to respond to smiles vs.

frowns. In other wordsjot only are basic visuomotor mechanisms important to successful facial
expressiorcommunicationn everyday life, the emotionalexgres i ons of t he i nteractar
to be determine how successful you are in adjusting your facial behavior. For instanessults

suggests that if you encounter a penatio glancesangrily toward you, you are less likely to be

successful iradjusting your facial expressistoward that persoregardless of whethénatperson wants

you to reciprocate his angry facial expression or @ohsequently, it seems as though people are on
averagelikely to be better at learning to optimize theicial behavior whenever they are approached in a

more welcoming and neconfrontational manner (e.g. a smilepwever, these learning preferences are

likely to vary among individuals and future studies should control for persoQHiiby, P.O, & S, 1999)

Thirdly in Studylll, we observethatparticipantsseenedto associate dominant facial traits with anger

and threatAs a result, the participantsadily reciprocatethe angry facial expressions of dominant

target interactants while they readily reciproddtee happy facial expressions of adominant target
interactantsConclusively, not only do the facial expressions of an interactant have an intrinsic emotional
valence which influence learning and decisinaking during facial expressiamommunicationbut

socially relevant features suchasatomicafacial dominance seem to influence this process as well.

Hence, my thesis proposes tirasocial settingdearningthroughobservingo t h &acial expressionas

well aslearningthroughinteractingwith o t h &acias éxpressios) are bothcrucialto avoid aversive

outcomesThe facial expressions of othdéransmitsocial information that needs to be attendgti

utmost priorityin order to choosan appropriatsocialaction By merely observing another individual

experience an aversive outcome when this individual interacts with an object, you can learn to avoid

danger from that object without having to experience the direct aversive event y@&insiditly, &

mentioned abee, if another individual suddenly approaches you with an angry facial expression, how

you respond is likely to be critical for the outcome of the encounter. You may take a confrontational

approach and reciprocate the angry expression, thus risking tamfliake a more submissive approach

by smiling, and thereby increase the chances of avoiding hawther wordswe make qualitative

distinctionsto facial expressions and facial characteristicstherswhich in turn, influence ousocial

responses to them order to avoid harm
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6. Conclusion

In sum it is clear thabasic social information such &ial expressions and facial attributes are highly
influential onsocialaversive learningOur own newonalcircuitry such as the opioid systamay shape

the learning processf how facial expressions of othefignction as a social learning mechanisnatoid
threatening outcomes. Moreover, both facial expressions and socially relevant facial attributes of
interactantare essential sources of information in orgeavoid negative and aversive social outcomes.

7. Points of perspective

We hope that the results presentethis thess will contribute to the important pursuit of increasing our
understandin@f how facial information influence aversilearningand decisiormaking duringdaily life
social settingsThrough translational &rts, our findings might also hold a promise for a better
understanding of thenderlying neuronal and cognitive mechanisrhmany psychological dysfunctions
characterized by impaired learning and decisiaking in social situations.
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