PhD School in Psychology
Department of Cognitive Science

Budapest University of Technology and Economics

annininl | i

m
MY Y ¥ WL

Il
i1l

i1 11 11 = AL ER AR

MUEGYETEM 1782

OrsolyaKiss

RESPONSIVENESS TO SOCIAL-AFFECTIVE SIGNALS IN DOGS
AND HUMANS : NEUROCOGNITIVE AND COMPARATIVE

PERSPECTIVES

PhD Thesis

Supervisor: Jozsef TopdDSc

Budapest, 2020



ACKNOWLEDGEMENTS

First and foremost, | would like to thank my supervi¥msef Topafor his guidancend support
during my PhD studie$.am thankful to him for always beimapen to discuss our studiesidfor
motivating mefrom the very beginningHis dedication to scientific work was amspiration and
contributed to my development as a researcher.

| am grateful to all current and former members of the Psychobiology Resesrap,who all
contributed with their ideas to this thesis. My special thanks go to rauttms Anna Kis
Vargané, Anna Gergely, Agoston Galamb&srbala Turcsan, Katalin Olah aridrisztina

He g edTs,wKod soBldabvays count on if | needed praiesalssupport.

| am indebted toTimea Vandar Lili Julia Fehér Katalin Scheilingfor their assistance in

organizing the experiments and for their help in datguisition.
| would also like to thank all the participarsisd dog ownerfr theirindispensableontribution.

| also wish to thank my family and friends for supporting and inspiring me durirgpsteyears,
and for being curious about the research | darg

Last but leastl would like to thankRobert Rlovics for his love and pagnce. Hs ideas and

comments had a huge influence on my work



GLOSSARY OF ABBREVIATIONS

ACC - anterior cingulate cortex

ASD 1 Autism Spectrum Disorder
BMT - the broken mirror theory

FFA - fusiform face area

HPA - hypothalamo pituitanadrenal
IFG - inferior frontal gyrus

IPL - the inferior parietal lobule

MNS - human mirror neuron system
mPFC- medial prefrontal cortex
OCD - obsessive compulsive disorder
OFC- orbitofrontal cortex

OXTR - oxytocin receptor

STS- superior temporal sulcus

pSTS- posterior superior temporal sulcus
SCD- social cognitive dysfunction
SBH - social brain hypothesis

TPJ- temporoparietal junction

ToM - Theory of Mind

VS - ventral striatum

WCC - weak central coherence theory
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ABSTRACT

Domestic dogs are living with humans in a very special speciesrelationship. Due to
domestication, dogs have developed a social motivation system similar to that of humans. Such
humananalogous behaviours in dogs include attachment with Hikentcharacteristics, early
manifested sensitivity and preferential attentto human eye contact, tendency to follow the
social rules, the ability to become tuned both emotionally and physiologically in to the owner. The
social interactions are inherently rewarding for the dog, and their behaviour can be reinforced the

same wayas adults motivate human children.

In the present work we argue that the domestic dog can contribute to our better understanding of
human autismas the atypical functioning of the social motivation system is one of the leading
symptoms ofthis disorder

The present PhD thesis aims to get a better insight into social susceptibility and the social cognition
within the context of the Autism Spectrum Disorder (ASD) from both comparative and
developmental perspective, focusing on the functional similaritieswbe en dogs 6 and
children social signalling and attention modulation in social context. We combine behavioural and
neurophysiological results with the nedrormonal aspects of social sensitivity.

Together, these findingse in line withtheview of previous workthat social competence in dogs
has been affected by the challenges of the human social environment.

The introduction of the thesis aims to give an overview of the literature on social cognition,
focusing on both the evolutionary and neurattige aspects of human social sensitivity. Next |
delineate the history of the ddgiman relationship by elaborating on the domestication process.
Furthermore, | present the findings about sammgnitive abilities and deficits of dogs, with dog
human paallels in social learning skills and processes. In the third chapter of the introduction, |
relate the findings about social priming, social categorization and audience effect, areas of dog
human parallels that have not been studied so far, with refeigetite unanswered questions that

we seek answers to in our experimental studies. The final part of the introduction contains an

overview of the specific aims and structures of the seven studies included in this dissertation.



We have divided our results ontthree main Thesis points related to social priming, social
categorization and audience effect, each consisting of two studies presenting empirical findings of

the respective section.

In the chapter of experimental studies, we have highlighted in aabsg&fct like manner the main
concepts before presenting either the peer reviewed studies or the submitted manuscripts, each

belonging to one of the 3 Thesis points.
The final chapter presents the general discussion of our contributions and sums upltiseosn

Our results are in line with previous research and provide further evidence for the fact that dogs
have several social competencies that are also involved in theceggiive symptoms of human
autism. Thus, the investigation of dogs contributebetter understanding of the underlying mental

processes of the Autism Spectrum Disorder.



KIVONAT (ABSTRACT IN HUNGARIAN)

A kutyak a haziasitdgivetkeztébeszamos olyan tars«®mmunikacios képességre tettek szert,

mel yek csecsemRszer T m-don nyil v8nul nak me ¢
funkcionalisan huméanaldg jellegzetességek egyik fontos megnyilvanul@saenberéhez
hasonl6szocidlis motivaciés rendszerA szocidlis interakciokugyanisal apvet Ren | ut a
jell egTek amdtivadioy rendszerikiveskezeében pedig gyerekekéhez hasonloan
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ki s gy e rkek sRa®@rsi@ri arciranti preferencilis figyelenfamely méar nagyon koran

spontan megjelenjk a tarsa viselkedésiszabalyok betartasa@ vald hajladdsag illetve az a

képesség, hogy érzelmileg és fizioldgiailadgépes leheta gazdara hangolad Osszességében
elmondhat6, hogy a korabtanulmanyokkisérleti eredménye © bb ol dal r - I i s meg
elképzeléstmiszerint a kutyak egyedulallé szocialis kompetenciajat az emberrel valé egyuttélés,

a human szocialis kérnyezet kihivasai nagyban befolyasoltak.

Jelen PhD értekezés célja, hogy jobb betekintgsitson az az autizmus spektrumzavarral
0sszefliggésben alkxocialisérzékenységsa szocidlistanulas egyes aspektusaigaitve mind
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neurokognitivhatteréreA masodikrészben bematjuk a kutyahaziasitasanakrténetéta kutya

ember parhuzamokat, illetve a kutygdocialiskognitiv képességeire és hianyossagaira vonatkozo
elképzeléseket bevezetés harmadik fejezetébesracialis ingerekan e | R @hmtasavaldR
szocialiskategoriz&ioval és amegfigyelési hatassal kapcsoktelméleteketfoglaljuk dssz,

kiemelve azokataz eddigmegvalaszolatlan kérdésstk amelyekrea kisérletes vizsgalatokban
valaszokat kereslnkA bevezetés utolsé rés&®t t e ki nt ®s't ad a di sszer
tanumanycd i t Tz®&aei aRbkban felvetett k®rd®sekr RI

Eredményeinket harowmlyanf R t ®bam rsutatjuk ke,raelyekegyenkéent garsae | Rf es z 2 t ®s
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Minden tézispont kékisérletes vizsgalatr@pit amelyek azmpirikus eredmeényeke mutatjak
be.

A kisérlees vizsgalatoKejezetegy rovid elméleti 6sszefoglaléo utanraar publikalt, illetve a

kozlésre benyugitt vizsgélatokatartalmazza me gf el el R t emati kus sorr e

Az utolso fejezet akisérleti eredményeinldsszefoglalasatkdvetkeztetéseita tovabbépés

| ehet Rs ®g eHretményd&ink gsszhdngban allnak a korabbi kutatasokkal, és tovabbi
bizonyitékokat szolgaltatnakarra, hogy a kutyadk szodalis érzékenységénekizsgalata
hozzajaruhat a human autizmus spektrumavar kialakulasaban szerepet jatszé kognitiv

folyamabk jobb megértéséhez.



Responsiveness to soctalffective signals indogs and humans:
neurocognitive andcomparative perspectives

|. INTRODUCTION

1. THE SOCIAL SENSITIVITY FROM A CLINICAL NEUROSCIENCE PERSPECTIVE

1.1.SOCIAL BRAIN
1.1.1.FUNCTIONAL NEUROANATOMY OF THE COGNITIVE PROCESSES

Social cognition has beatudied from various theoretical and methodological perspectives
andintegrates approaches frasncial psychology andeuroscienceThe first approach focuses
on how people process, store, and apply information about other pecoleial situations and
compares human behaviourrtonhuman species ahimals. This approach has often emphasized
the uniqueness of human behaviour, and the uniqueness of the individual perseaxagbiaition
to theenvironment and their social surroundin@Be neuroscientific perspectiy@oweveraims
to describe the brain areas and mechanisms that mediate sodm ilifentifying cortical and

subcortical regions that are especially sensitive to social situations.

In short,social cognitioncan bedefined as complex set of representationsradtivational
and emotional factor&nowledge of selfperceptions of othersterpersonal motivationdNestor
et al., 2012) This systemis supported by widely distributed networks of diverse bragions,
including the temporoparietal junctighPJ) the temporal sulcus and the temporal pole as well as
medial prefrontal corteXmPFC) especially orbital frontal section®©FC) (Adolphs, 2003;
Amodio & Frith, 2006)

The specificity of social brain aredsoweverhas beefong debatedlt would be difficult
to distinguish betwegparticularly social experiences apibcesses that are prerequisite for social
cognition, such as thenderstandingftheo t h etendiagsor emotiongAmodio & Frith, 2006;
Saxe, 2006)Most structures that have been shown to be important in enmwtieessindhave
therefore also turned out to be important for social cogniliotially the core components of the
"social brain" were identified in the orbitofrontal cortex (OFC), amygdala, and temporal cortex
(mainly the superior temporal sulcusSTS) (Brothers, 1990) The medial prefrontal cortex



(mPFC) and the anterior cingulate ext(ACC) also have been identified as relevant for social
functioning and were added to this original c{Beckart, Dickerson, & Barrett, 2014; Frith &
Frith, 2006)

It has been suggested that structures that are generally involved in reward guided behaviour (OFC,
amygdala) might underlie the value associated with social stimslugelh (Phillips, 1999)
According to this approach ttegeas associated with rewagmbcessingand reinforcement, stc

as the ventral striatuifyS) and anterior cingulate cortex sulcus (ACCs), migéo &ée involved

Behrensand his ceworkers(2009)proposed computational approachkaimingthatsocid
cognition does not have a specific system{lesocial context hasraeasurable effect on activity
in brain regions associated with rewgmacessingin this framework social cognitioncan be
conceptualized athe cooperation afwo distinct, yet intimately connected brain systefrisst,
the instrumental reward learningystemmediages social preference and valuatiomhen, the
perceptual and cognitive mechanisms underlying theory of mind protessese&ngaged when
the context requiresonsideation ofother peoplé mtentiors (Frith, 2008) The dynamic interplay
of these cognitive, motivational and neural proce$sess the basifor the development of our
perceptions of self and others as well as our social prefer¢deesnann, Call, Hernalez
Lloreda, Hare, & Tomasello, 20Q7)

Recent conceptualizations of the social brain typically desdrilas encompassing a
dynamic and hierarchical system of circuitry involved in simpler forms of more automated
processing like the detection of sodlg relevant stimuli, and partially overlapping circuitry
involved in higher order processes, (Porcéllie r ef |
et al., 2019)This approach is in line with the social brdiypothesis (SBH) claiming that social
complexity is correlated with widespread differences in basic neuroanatomical features (such as
brain size) rather than with the activation limited to small, specializsid regions.

1.1.2.EVOLUTIONARY PERSPECTIVES THE EMERGENCE OF HUMAN SOCIAL COGNITION

Over the past few decades, application of evolutionary theory to the understanding of
psychological phenomena has taken, @&inerging in a wide number of differentoposals
regarding what exactly is special about human sbelhviour Research aiming to unravel social

skills that are uniquely human has identified sevbedlavioural elements that differentiate us



from other species. It has been suggestedtimatinsocial cognition is strongly connected to the

exceeding number of individuals that constitiaenan society and its concomitant complexity.

Comparative analyses, particularly in primates, have shown that brain size is correlated across
species withvarious social and ecological variables, such as social complexity based on bonded
relationships(Dunbar, 1992; Dunbar & Shultz, 2007he social brain hypothesis (SBHYas
proposed initially as an exghation for the fact that primates have unusually large brains for body
size compared to all other vertebra@snbar, 1998)The quantitative relationship between brain
size and social group size in primates is more pronounced in the neq@utéar & Shultz,

2007) Semendeferet al.(1997)pointed out that the neocortex in general, and the frontal lobe in
particular, have increased disproportionately during the course of primate brain evolution,
presumably because thegnitive demands of sociality place a constraint on the number of
individuals that can be maintained in a coherent gi@mbar & Shultz, 2007)Dunbar and
Shultz(2007)claim that human intelligence did not evolve primarily to solve ecological problems
(survival, foraging, rearing offspring), but rathas a means of surviving and reproducing in large
and complexsocialgroups Adaptationdo theenvironmentroseto solveproblemswithin specific
contexts,and thereforethey are sensitiveto intrapersonaljnterpersonaland cultural contexts.

Living together(with matesandoffspringg make iteasierto detectnearbypredatorsaccuratéy

react to danger,and locate suitable food sources The ability to cooperatemake important
contributionsto ana n i mehanbéesto survive and leave descendantsA detailed analysis of
comparative brain datéor primates provided further support fure social brain hypothesis
suggesng thatprevalenceof prosocialbehavioursspecifically pair bondingbehavioursexplain

morevariancen brainsizethando othertypesof socialcomplexity(Dunbar& Shultz,2007)

Ancther widely acceptedtheory (Tomasello,Carpenter,Call, Behne, & Moll, 2005)
proposeghat humanshavea uniquemotivationto sharepsychologicaktateswith others.In this
approachthe sharedntentionality, thatis the ability to participatein collaborativeactivitieswith
sharedgoals and intentions might be a crucial difference betweenhuman and nornthuman
cognition. One key element of human social behaviour system is undoubtedly the very
sophisticatedommunicatiorskills andthe motivationto shareknowledge butit is unlikely that
the developmenbf a single or a few behaviouralfeaturesdeterminednumansocial evolution

(Cséanyi, 2000) The continuousinteractionsbetweenthe social and nonsocial environment
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resultedin multiple epigenetigorocesssanddevelopedspeciespecificbehaviouralkraits along
with their underlying cognitive mechanismstherefoe the usageof convergentmodelling of
humansocialevolution,insteadof focusingon asingleaspecof humanbehaviouywould bemore
efficient (Topal, Mikl6si, etal., 2009)

Despite corflicting (or complementary)theoretical proposalsthe common agreement
standsthat humansocial cognition can,in one way or another,be consideredspecial andthe
interestin the topic has turned towards the complex level of similarity betweenspecies,
highlighting the importanceof investigating social cognitive processesn a functional and
evolutionaryframework(Mikl6si, Topal,& Csanyi,2004;Topal,Roman,& Turcsan2019)

1.1.3.SOCIAL COGNITIVE DYSFUNCTIONS(SCD)

Interpretingsocialandemotionalcuesis a centralability in socialcognition(lzard et al.,
2001) It consistsof a rangeof cognitiveprocessethataffectsour own behaviourandemotional
statesandhelpsusto understandhow othersthink andfeel. The regionsidentified asthe neural
basis of social cognitive processingare adverselyaffected in patientswith neurological or
psychiatricconditions (Batistaet al., 2017; Fishman,Benedict,Bakshi, Priore, & Weinstock
Guttman,2004; Patriquin,DeRamusLibero, Laird, & Kana,2016;Plana,Lavoie, Battaglia,&
Achim, 2014;Seeley Crawford,Zhou,Miller, & Greicius,2009) suggestinghatsocialcognitive

dysfunctionmaybe commonacrosghesepopulations.

Many of the studieshavefocusedprimarily on socialimpairmentsin Autism Spectrum
Disorder(ASD). Neurobiologicalinvestigationsnvolving humanneuroimagingechniguesave
suggestedeveralpotentialneuralmarkersfor ASD patrticularlyinvolving brainareasunderlying
social cognition. For example,atypical functional activation of the fusiform face area(FFA)
(Kleinhansetal., 2008;Spenceetal.,2011) superiotemporalsulcus(STS)(Kaiseretal.,2010)
amygdala(Radua,Via, Catani,& Mataix-Cols, 2011) anddisruptedconnectivityof thet he or y
of n{ToMdnetwork(Kana,Libero, Hu, Deshpande& Colburn,2014)havebeenimplicated

asmarkersof ASD.

Furthermoresocialdysfunctionis alsoa hallmarkcharacteristiof schizophrenigthathas
importantimplicationsfor thedevelopmentcourse andoutcomeof the illness.Impairedemotion

recognitionand ToM skills havebeenidentified ascore cognitive deficits (Green,2016; Kohler,
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Walker, Martin, Healey,& Moberg,2009; Savla,Vella, Armstrong,Penn,& Twamley,2012)
The vastmajority of schizophrenia studidsasbeenfocusedupon social cue identificationand
face emotion perceptionand showed that patientstend to have significant impairmentin
understandingndidentifying facial expressions @motion(for areviewseeKohleretal.,2009)
Fettandcolleague42011)reportedhatfrom all the othercognitivedomainge.g.verballearning,
memory, reasoningand problem solving, attention and vigilance) ToM had the strongest
relationshipwith communityfunctioning,andit wasfollowed by social perceptiorandemotional
perception

Schmidtet al (2011) reporteda review of 15 studiesof the effects of socbcognitive
impairmentson behavioural dyinctiors in patients with schizophrenia.They found that
neurocognitive performandspeed ofinformation processing, attentioallocation verbal and
visual learning and memory, working mempoproblem solving is directly relatedto social
cognitionandsocialcognitionactsasa mediatotbetweemeurocognitiorandfunctionaloutcomes.
Patients experiencingneurocognitiveproblems early in the course of illness may develop
difficulties with interpersonatelationsfirst, and only later developdefeatistattitudesor beliefs

(GreenHellemannHoran,Lee,& Wynn, 2012)

There is also preliminary evidencethat impairmentsin social cognitive processes
contributeto declinein psychosociafunctioningin other clinical groupg~or example,n bipolar
disorderAydemiretal. (2013)foundthatemotionrecognitionmpairmentseento affectremitted
p at i saiataspéctof daily life. In patientsliving with relapsingremitting multiple sclerosis
Phillipsetal. (2011)showedspecificrelationshi betweeremotionperceptiorproblemsandpoor

socialandpsychologicabudity of life.

More recently,someaspect®f emotionrecognitionhavealsobeenproposedo play a key
role in the onsetand maintenancef a rangeof mooddisordergPentonVoak, Munafo, & Looi,
2017) Biasesn facialemotionprocessingireassociateavith thedevelopmenandpersistencef
depression.Treatmentsthat modify negative biasesin faciakemotion processing,such as
antidepressargharmacotherapidg.g.selectiveserotoninreuptakenhibitors) andpsychological
therapieqe.g.,cognitive behaviourakherapy),canhavebeneficialeffectson depressiorbothin
clinical and nonclinical depressedndividuals (Roiser, Elliott, & Sahakian2012) The rapidly

observabldareatmenteffectsmay be mediated at leastin part, by associatedhangesn social

12



perceptiorthatfacilitate changesn behaviour The growingevidencehatsupporta causarole of
biasedemotionrecognitionin depressiorsuggest that behaviouralinterventionsthat influence

socialcognitionmayleadto improvedmentalhealth.

In summarytheinvestigatiorof socialcognitivedysfunctionhasbecomeanemergingarea
of interestacrossa rangeof developmentalpsychiatricand neurologicaldisorders(Baezet al.,
2019;Koppeletal.,2018;Planaetal.,2014) Socialdeficits observablén awide rangeof clinical
conditions,potentiallyrepresentan undetying domainof dysfunctionsacrossclinical disorders,

with bothfunctionalandclinical relevancegCotteretal., 2018)

1.1.4.AUTISM AS A SPECIFICFORM OF SOCIAL COGNITIVE DYSFUNCTIONS

When certain communicationand social skills do not proceedas expectedby the
environmentandthe socialinteractionsarechallengedy unusuainterestsaandbehaviourjt can
resultisolation.Autismrefersto a conditionwheresomebodymight berestraintfrom socialbonds
and avoid social interaction, leaving them isolated. According to the American Psychiatric
Association(APA, 2013), Autism is a form of neurodevelopmentalisorder,characterizedy
markedmpairmentsn socialcognition,involving deficitsin languagecommunicationandsocial
behavour. Thesealterationsin social cognition are often accompaniedy atypical perceptual
experiencef theworld (Robertsor& BaronCohen,2017;TavassoliMiller, SchoenNielsen,&
BaronCohen,2014).

Therateof diagnosidor autismis estimatedit1 in 68in the Lhited State¢BroderFingert,
Brazauskad,indgren,lannuzzi,& VanCleave,2014) Autism spectrum conditions affect (two or
three times) more males than females, or more precisely it is more commonly diagnosed in males
than femalegLoomes, Hull, & Mandy, 2017; Saito et al., 2020)ccusin all racial, ethnic, and
socioeconomic group®Maenner et al., 2020)nitially it has beemeported(Durkin et al., 201Q)
that childrenof more educate@arents living at higher socioeconomic stataiethe highestisk
of obtaining an autism diagnosisthe United States, however, the results of King and Bearman
(2011)show, that in California socioeconomic gradient for autism changes oveiTti@eclaim
that n wealthyneighborhoodsthe socioeconomic gradient for autism hit a ceiling around 40 per
10,000cases, while ipoorer communitiesalthoughthe probability of diagnosis &t lower rate,
it increases steadilyBesides,Durkin and colleaguegDurkin et al., 2010)found thatthe

racial/ethnic differences in prevalence variedhm/socioeconomistatus.
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Before2013thefourth editionof theDiagnosticandStatisticaManualfor mentaldisorderDSM
4) describedautism as one of severalpervasivedevelopmentallisorders.Autism is currently
referredto asAutism SpectrumDisorder(ASD) andencompassgxreviouslydefinedseparatget
similar disorderslike Aspergersyndrome,Childhood disintegrativedisorder, and pervasive
developmentatlisordernot otherwisespecified Aspergersyndromevassometimegeferredasa
high-functioning form of ASD, becausegenerallythe languageand cognitive skills were not
affected. Childhood disintegrativedisorderwas usedto describelate onsetof developmental
delays,whenthe lossof relevantsocialskills appearedetweenthe ageof 2 and10 years.The
revisededition of DSM (DSM 5) replacedthesetermswith the Autism SpectrumDisorder,that
usesa scalethat differentiatesbasedon the severityof the majorareasi) socialcommunication
andinteractiondeficits,andii) unusuallystrong,narrowinterestsandrepetitivebehaviourfKhan
etal., 2012) Many individualsliving with ASD requirelifelong supportof somekind.

Currentlythereareno reliablebiomarkershencethe diagnosisof ASD is currentlymade
basedon behaviour(throughclinical interviews,observationandsecondaryeportsfrom parents
or guardians).Despite the below outlined open theoretical questions and contrasting (or
complementary) proposaldidreis consensusboutacceptingASD asa prevalentand strongly
geneticbrainbaseddisorderthat is manifestedin serioussocial learning disability with high

impactoni ndi v lifelquality.d s

1.2. THEORETICAL ACCOUNTS OF AUTISM AND IT 68 NEUROCOGNITIVE BACKGROUND

The competingtheoriesand studies exploring the causesof symptomsassociatedvith
autismseemso give controversiakxplanationsOnegroupof suchtheoriesconceptualizeautism
asa domainspecificdisorder(Rgendran& Mitchell, 2007)or asa deficit of executivefunction
(Ozonoff, Pennington& Rogers,1991) Thereis no apparentcore neurocognitivedysfunction

associateavith asinglestructurethatcould explainthe variety of symptomsobservedn ASD.

Thedominanttheories of ASDare summarized in Table 1.
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Table 1.Cognitive theories of autism

Name of the theory Abbreviation Core impairments according to the theory

Theory of Mind Mindblindness lack of theory of mindToM) skills, orimpairments of

Hypothesis of autism mentalizing skills (BarorCohen et al., 1985)

The extreme male | EMB autism features are axtension of stereotypically

brain theory male traitge.g.systemizing (BaronCohen, Richler,
Bisarya, Gurunathan, & Wheelwright, 2003)

Broken mirror theory BMT dysfunction of the human mirror neuron system

of autism (Hamilton, 2013)

Weak Central WCC people with ASD may be more focused on local rat

Coherence theory than global features of stimuli (Frith & Frith, 2006).

Integrated Self ISCA dysfunctional sefcategorization (Skorich et al., 201¢

Categorization

model

SocialMotivation SMT decreased rewarding value of social interactions

Deficit theory (Chevallier et al. 2012)

Atypical Tolerance | HIPPEA proposes that the difficulties peephith ASD

for Prediction Error encounter in their social life might be caused by

theory or High, inflexible social cue processing and by the

inflexible precision unpredictability associated with the social world (Ve

of prediction errors de Cruys et al. 2013)

in autism

Early evidencerevealedthat individuals with autism lack theory of mind (ToM), a
conditionthatis sometimeglescribedasii mi n d b | iThedryokensnsl @fersto the ability to
understandhe mentalstates suchasintentions,emotions,desiresandbeliefsof others,andis a
skill that developsbetween3 and5 yearsof agein typically developingchildren (Bauminger
Zviely, 2013)in Western societigdor potential cuural differences sedenrich et al.2010) One
of the earliesttestsfor theory of mind is the falsebelief Sallyi Anne testdevelopedoy Simon
BaronCohenandUta Frith (BaronCohen,Leslie, & Frith, 1985)and they found thatraund 80
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percent of the autistic children fad the test The core requirementof passingthe testis the
par t i cunderastandinglsat Sally, the main characterhas her own beliefs abouta fictive

situation,which inturn may not correlatewith the observedeality.

The Autism SpectrunDisorder(ASD) is not just stronglyassociateavith impairmentsof
mentalizing skills (BaronCohenet al., 1985) but it usedto be acceptedfor decadesas the
dominantexplanationin the humandevelopmentapsychologyliteraturefor a wide variety of
social communication impaments Accordingto this approachthe innateinability to build an
appropriatementalmodel of other minds preventsthe child to function effectively withn our

sharecculture.

Severalstudieshavereportedatypical neuralresponse# adultsandchildrenwith ASD
relative to controls acrossa network of regionsimplicatedin mentalizing: posterior superior
temporalsulcus (pSTS)/temporoparietgunction (TPJ) (Lombardo,Chakrabarti,Bullmore, &
BaronCohen, 2011) medial prefrontal cortex (mPFC) (Castelli, 2002; Happé et al., 1996;
Murdaughet al., 2012; Nieminenvon Wendtet al., 2003; Watanabeet al., 2012) and temporal
poles(Mason,Williams, Kana,Minshew,& Just,2008;Wang,Lee, Sigman,& Dapretto,2006)
Theseareashavebeenactivatedoy awide variety of tasksthatall involve representinghe mental
statesf others. ThemPFCis considereaf centralimportancan ToM. Amodio andFrith (2006)
proposethat this regioncould be highly implicatedin our ability to reasomaboutotherp e o p | e 6 s

mind andintegrateknowledgeabouttheir attributeswith ongoingprocessingf intentions.

While severabehaviaral studieshavepersuasivelylocumentedanentalizingimpairments
in autism, it is worth mentioning thatomechildrenwith autismpassstandardly usethlsebelief
tasks (such as Sally-Anne) and there is a growing uncertainty among scientistsabout the
importanceof theunderlyingtheory-of-mind hypothesiof autism(TagerFlusberg2007)

The extreme male brain theory (BaronCohen, Richler, Bisarya, Gurunathan, &
Wheelwright, 2003laims that autismfeaturesare an extensionof stereotypicallymale traits,
suchasthetendencyto look at thingssystematicallyatherthanempatheticallyThis theoryis an
extensiorof the ToM by weavingin the conceptof empathy.In this approachpeopleliving with
ASD lack the morefemalespecificskills, suchastheability to intuito t h ermmosodalstatesand

have a profoundtendencyto 6 s y s t e@mo recegnhibepatternsand understanchaturaland
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technicakystemsin line with this notion, kain-imagingstudieshaverevealecanatomicapatterns
in maleandfemalebrainsconsistenwith the extrememalebraintheoryd butthe dataarenot
uniformly supportive.ln onesmall study,researchershowedthatthe brainsof autisticmenand

womenarestructurallymoresimilar thanthoseof typical menandwomen(Beacheeetal., 2012)

Severalstudiesrepoted atypical or reducedactivation of the sensorimotorsystemin
respons¢o theobservatiorof anothemperson'snotorbehaviouiin ASD (Bernier,DawsonWebb,
& Murias, 2007; Cattanecet al., 2007; Wanget al., 2006) The inability to interpretsocialcues,
along with the poorimitation skillsin ASD (Travis& Sigman,1998)led to the conclusiorthatthe
dysfunctionof the humanmirror neuronsystem(MNS) might havea causalrole in the atypical
socialcognitionin ASD (Williams, Whiten, Suddendorf& Perrett,2001; Williams, Whiten, &
Singh,2004) This approachis commonlyreferredasthe brokenmirror theory (BMT) of autism
(Hamilton, 2013)

The core component®f the humanMNS that might be involved in the socialimitation
processearethesuperiotemporalsulcus(STS),theinferior parietallobule (IPL) andtheinferior
frontal gyrus (IFG) in interactionwith the limbic system Imaging studieshave shown that
observatiorandimitation of facial emotionalexpressionnvolve thefronto-parietalmirror neuron
system,STS, insulaandthe limbic system(lacoboni,2005) The neuralcorrelatesof empathy
involve the interaction of the IFG, right STS, right IPL, anterior cingulate cortexACC),
ventromediaprefrontalcortex(VMPFC), somatosensorgortex,amygdalaprecuneusnsulaand
the posteriorcingulate(lacoboni,2005) Daprettoet al. (2006 demonstratedhe lack of MNS
activity during observatiorand emotionalexpressiorin childrenwith ASD suggesting a role of
the atypical functioning of MNS in autismelated symptomsNeuroimagingstudies have
demonstratededucedactivationof Broadman'sirea(BA) 44/45,thesuperiotemporalgyrus(BA
22),theright insulaandtheleft amygdalaBaronCohenetal., 1999)

Moreover thefusiformfacearea(FFA) (Kleinhansetal., 2008) alongwith theamygdala
(Raduaet al., 2011) are also highly implicatedin socially relevantinformation processingand
ASD. More specifically,theamygdalgplaysanimportantrole in guidingattentionto biologically
relevantstimuli, suchassocialinformationconveyedy eyes facesor biologicalmotion(Adolphs
& Spezio,2006)
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An additional approach, h WealkbCent a | Coher enc e 06sudggésts thaty
people with ASD may be more focused on local rather than global features of stjfrith &
Frith, 2006) That is, patients with autism tend to attenémndrememberdetailsratherthanthe
globally coherenpatternsof information(Happé& Frith, 2006) The atypicalattentionalskillset
canbereflectedfor examplen enhancedperformancen differentvisualsearchtasks People with
ASD, for examplehave beenfoundto perform bettein visual search tasks involving the detection
of conjunctive targetsr targes definedby a singlefeature(Keehn,Muller, & Townsend2013;
Plaisted,O6 Ri o & dBamnCohen, 1998; Robertson& BaronCohen, 2017) The well
documentedeficitin multisensoryntegrationin autism(Bebko,Weiss,Demark,& Gomez2006;
Stevensoretal., 2014) especially in thetemporalprocessingf a visual stimuluswhenpresented
with anauditorytoneat the same tim@randweinetal., 2013)may provide a further support for
the We& Central Coherence theory

The neuralbasisof this theoryconsistsof reducedunctionalconnectivity,strongerocal
thanlong-rangeneuralconnectionsand reducedtop-down modulation(Belmonteet al., 2004)
Skorich and colleagug2016)in their Integrated Sel€ategorization model of Autism (ISCA)
have recently proposethat processing information in a less integrated manoesistent with
WCC, is manifested most of all in dysfunctional selpresentations anthat social deficitsn

ASD are caused by dysfunctiorsdlf-categorization.

The Social MotivatiorDeficit theory of autism(Chevallier, Kohls, TroianiBrodkin, &
Schultz, 2012 focuses another important aspectiod autism spectrum disorder: the decreased
rewarding value of social interactions. It is widely accepted thatiahcooperationmaintaining
relationshipsand the participationin socic-cultural practicesare inherentlyrewarding(Fehr &
Camerer,2007; Leary & Allen, 2011) and peopletypically enjoy engagingin positive self
presentationopportunities,and experienceparticipation in collaborative activities as more
rewardingthan solitary activities. The motivationto engagewith othersover sustainedoeriods
goesbeyondthegoatrelatedoutcomeof interpersonagxperiencege.g.learningor teachinghow
to useatool is rewardingbecausét allowsto accomplishndividual goalswith it). However it is
drivenalsoby the pleasuran socialinteractionandthe experiencef belongingto humangroups
thatassociatewith the procesof sociallearning(Meltzoff & Decety,2003) It hasbeenreported

that the intrinsic rewardvalue of being similar to othersis a distinctively humancharacteristic
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(Nielsen,2008; Syal & Finlay, 2011; Tomasello& Vaish,2013) However, increasing evidence
suggestshatindividualswith ASD do not find the participationin sociallearningexperiencess
rewardingor salientasdo others.Severalstudiesrevealedreducednterestand attentiontoward
social signals and also decreasecefforts in creating and maintaining affiliative bonds (e.g.
spontaneousnitation, socialorienting,joint attention,prosocialbehaviour) aswell asdecreased
expression®f pleasurein social situationsin individuals with ASD comparedto neurotypical
controls (Chevallier et al., 2012; Liebal, Colombi, Rogers,Warneken,& Tomasello,2008)
Moreover,theamountof interestshownin non-socialversussocialstimuli hasbeenfoundto bea
predictor of ASD in infancy (Maestroet al., 2005, 2002; Pierce, Conant, Hazin, Stoner, &
Desmond2011) These findings seem to support the notion floaiallearningdifficulties stem

from thelack of the activationof theintrinsic socialrewardsystems.

Finally, it is worth mentioning the more recent neurocognitive account of social deficits in
ASD: the Atypical Tolerance for Prediction ErrgATPE). ATPE aims to provide a novel
theoretical framework and give a comprehensive explanation that links together the underlying
neurocognitive mechanisms in ASD with different symptom clusters (perceptual and cognitive
alteration) and clinical observations in aatigSinha et al., 2014Yhis approachs based on the
observationthat ASD is usually associated with impaired flexible responses to environmental
contingencies and learning difficultids. line with these observations it is increasingly assumed
that behavioural and cognitive inflexibility and rigidity in ASD may result frigher overall
precisionof prediction errorsor afailure to lower the precisiowhen it wouldbe necessary
(Bal sters et al., 2016; Lawson, Rees, & Frist
al., 2014)

Although there is a growing body of literature addressingreward learning in ASD,
relativelyfewer ASD studieshavedirectly examinedhe mechanismsf rewardpredictionerrors.
Predictionerrorscan be defined as a mismatchbetweenan expectedand a receivedoutcome
( O6 N& Bdnhdltz,2018) and have a strong effect on decisionmaking and reward learning
processedn otherwords thediscrepancypetweerthe sensoryinput anddescendingpredictions
of that input resultsin predictionerror. If a rewardrelated outcomeoccursaccordingto the
i ndi v ipribupeedichons the rewardbecomesassociatd with the cug andthe subsequent

behaviar is reinforcedandremainsunchangedHowever if arewardrelatedoutcomes different
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thanexpectedthena positive or negativepredictionerror will be elicited These might signal a
needor adjustment in behavioand may also facilitate the formation of nagsociatioabetween
stimulusor actionand reward. It is a fundamentalrequirementof brain systemsto accurately

managehis mechanismn orderto guideefficient adaptation.

Van de Cruys et al.(2013) proposedthat individuals with autism might exhibit high
precisionatthe sensorylevel thatresultsin highly precisepriors. The predsely constructegriors
in autismleadto strong,but overfitted,andnon-generalizablg@redictionsThis approach suggests
that certain ASD symptoms suchas preferencdo engagen predictableor repetitivetasks,and
insistence on samenessmay reflect anxiety and attempts to minimize environmental
unpredictability.It is well documentedhat individuals with ASD have a preferencetowards
routinesandritualsandhaveadversaeactiongo unexpectedynstablesventyGillott, Furniss,&
Walter, 2001; Schopler& Mesibov,1994) Thisis in line with the assumptiorthat the atypical
neuralresponseso predictionerrois are associatedvith ASD symptomseverity.Balsterset al.
(2016) for examplereportedha thegyral surfaceof theanteriorcingulatecortex(ACC) signalled
social predictionerrorsin typically developingindividuals, while this crucial neural signal is
weakenedn individualswith ASD. Thedegreego whichtheseresponsewereaberrancorrelated
with overall ASD symptomseverity(Balstersetal., 2016)

Thereis an increasing number @inctionalneuroimagingtudieshat focus orthereward
systenof sociallearningmechanisra in patients wittASD. Thesestudieshaverevealedlecreased
frontostriatalactivity (Choi etal., 2015) specificallyin the ACC, ventralprefrontalcortex(vPFC),
andventralstriatum(VS) (ScottVan Zeeland Dapretto,GhahremaniPoldrack,& Bookheimer,
2010)during socialrewardlearningtasks.Increasedctivationin the ACC, superiorandmiddle
frontal gyri, and putamenduring socialimplicit learninghasalsobeenreportedin patients with
ASD (Schipul& Just,2016; Schipul,Williams, Keller, Minshew, & Just,2011) Takentogether,
thesefindings indicatean atypicalpatternof neuralprocessingluring rewardlearningin ASD

patients andfurther supporthatindividualswith autismdo notfind socialstimuli rewarding

Giventhatsocialpartnersareprobablythemostdifficult thingsto predict,deficits in social
communication can be efficiently elicited in the contextimterpersonalinteractions The
informationreceivedin daily sociallife is inherentlyprobabilistic.It is hardto accuratelyand

preciselylink causedo sensoryinputs in the complex world of social interactioasdit is also
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difficult toinhibit theinherentlynoisynatureof thesituationespeciallyif onecannotcontextualize

the predictionerrorsthatdrive thatlearningprocesgLawsonetal., 2014)

In sum,the Atypical Tolerance for Prediction Error theory propo#eat the difficulties
peoplewith ASD encountein their sociallife might be causedy impairedsocialcueprocessing
andby the unpredictabilityassociateavith the socialworld.
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2. SOCIAL LEARNING - INTEGRATION OF DOGSOSOCIAL COGNITION WITH THE

HUMAN COMMUNICATION FUNCTIONSAND DEFICITS

2.1.THE EVOLUTIONARY EMERGENCE OF DOGS (DOMESTICATION )

It is widely acceptedhat domesticdogs (Canis familiaris) have gone a long way in
adaptingto humansociataffiliative behaviourandareparticularlyinterestingfor the assessment
of the influenceof domesticatioron cognitionandbehaviour As the first and one of the most
successfutiomesticatedpeciesthedogspreadll overtheworld andcanbefoundin practically
every humansociety. While the early dogswere mainly usedfor hunting and guardinghuman
settlementsgogsare nowadayscompanion®f humansn a wide variety of tasks(Coppinger &
Coppinger, 2002Note,t hat al t hough t he rpepplaioniistbgingiedd t he
unrestricted, dogs did not go feral, and their overwhelming majority constantly lives in the
anthropogenic environme(@ompper, 2015)This is true also for the biggest proportion of dogs,
which do not have owners and live on the streetewhs and villages in Asia, Africa and South

America @parialo or fivillaged dogs)(Coppinger, Coppinger, & Beck, 2017)

Severalauthorshave proposedthat dogs can provide an adequatemodel for both the
evolution of humansocioi cognitive abilities and studying the underlying neural and genetic
structureof thesebehaviourafeatureqHare& Tomasello2005;Miklési & Topal,2013; Topal
etal.,2009)

The ADomest Hg p o i b(dikldsis Bopal, & Csanyi, 2007) highlights the
behaviouraladaptationghat made dogsa goodfit for the humanenvironmentand claims that
during domesticationdogs evolved an inherentsensitivity to human gesturesthat their n 0 n
domesticatedounterpartslonotsharel t i s i ncreasi ngl y-behavowght e d
traits that are shared in dogs and humans arose independently via similar evolutionarggprocess
(Miklosi & Topal, 2013) Thisis calledconvergentvolution the process by whidiwo distantly
relatedspeciesdevelop the same or very similar solutions to an adaptational prdéeder,
2016) This mnvergenkevolutionaryprocessas the potential tleadto the emergencef unique
communicatiorabilities in domesticdogs The transitionfrom a wolf-like ancestoito dog was

probablydriven by adaptationsvhich enabledthe dog to overcomethe challengesof living in
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close proximity to humans.Results from archaeologicalexcavationsindicate that humans
domesticatedlogs at least 14,000yearsago (Larsonet al., 2012) but recentDNA evidence
suggestslogsdivergedfrom wolvesmuchearlierthanthat (with estimatesangingfrom 15,000

to morethan40,000 yearsago) (Botiguéetal., 2017; Thalmannet al., 2013) The extraordinary
difference in these dates derives from the study approach (molecular dating or fossil specimens)
Based on the fossils, we can tell apart a dog from a contemporary wolf when they are anatomically
different on a level that exceeds the witpipulation variancellder dates for the origin of dogs

are based ommolecular studie. More specifically, theexamination of mitochondrial DNA
(mtDNA) sequence dai@ompper, 2015)These methodallowedthedetection ofdivergence of
allele-dsitributions between populations. As the genetic evidence signals an earlier divergence than
the fossil record does, this indicates that throtedog was anatomically similar to the
contemporary wolves for a longer time (thousands ofsyegen), buais they were more or less
genetically isolated already, this indicates that the first rddfarencebetween them could be

behaviar-based.

Ther long term cohabitationwith humansand the sharedenvironmentadded new
challengesand selectionpressuredeadingto the adaptivespecializationof dogsto the human
environment(Topal, Miklési, et al., 2009) This early step of an introductionto the human
environmenmnaturallyfavouredindividualslacking fearandaggressivenegswardshumansand
thosetraits werethenfurther selectedor during domesticationThus,the domesticatioraffected
mostlythe stresgoleranceandaggression/fearesponsef theancestratlog populationsallowing
themto exploit humansocial environmentmore successfully Along with the adaptationdogs
subjectedo artificial selectiorfor traitsthathumansonsiderediesirablecausinggeneticchanges
thatresultedin advancedocio-cognitiveskills in the moderndomesticdog (Hare& Tomasello,
2005) Therefore, it seems reasonable to assumebtbiiitnaturaland artificial selectionhave

contributedto the evolutionof a speciesvhosesocialskills resemblaghatof humans.

Others,however,arguefor a developmentabpproachthat attributesd o gexagptional
communicatiorskill to frequentinteractiors with humanguringasensitivedevelopmentgberiod
resultingin the acceptancef humansas social companionsUdell and her colleague010)
proposeda 6 t stage modeb called the Two Stage Hypothesisof domesticationfor the

emergenceof d o g sodial communication.In their approach they highlight the role of
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environmentakffects,andsuggesthatdifferencesn socialcognitiveskills betweenwolvesand
dogshavetheiroriginsonly in theenvironmentThey claim thathere is no basis to assuspecific
evolutionaryadaptatiorduring domesticatiorthedog s 6 adapt at i o nisanlpondg he hu
of manyinteractingvariableghatplaysrole in theformationof doglike behavioufUdell, Dorey,
& Wynne, 2010)Accordingto the Two StageHypothesisthe sensitivityof anindividual animal
to humanactionsdependsn acceptanc®f humansas socialcompanionsandthe functionally

humananalogue socialognitionis unnecessario explainthe socialbehaviourof dogs.

Undoubtedlydogshavevery sophisticategocialskills andthe domesticatiorframework,
focusingon functionalaspecs of behaviour provedto be moreproductivein recentdecadesFor
example Géacsietal. in their study(2009)shed light on how artificial selection shaped dogs. They
arguedthat different aspectsof sccial behaviouy such as enhancedcooperativeability and
enduringattentionhavebecomea corecomponentor theprocesf breedformation Pongraczt
al. (2005) haveshownthat someof the dogs'social learningabilities are commonin different
breedsputnotall breedshavebeenselectedo attendto humansandthereis apossibilitythatdog
breedswith a different selectionhistory will showdifferentability in social categorizationThe
typesof work for which differentdogbreedshavebeenselectednayinfluencethe waysin which
they interactwith humans(Kovacs,Kis, Pogany,Koller, & Topal, 2016; Miklési et al., 2004)
More specifically,dogs,that haveoriginally beendevelopedor cooperativeasks (0 c ooper at i v
wo r k €& e.g Berding dogs) might be more focusedon humansignalsthan the so called
0i nd e pweonr diesredge.g. sled dogsthatwork with noor verylittle humanvisualcontact
(Gécsiet al., 2009) Wobberand colleageg2009) comparedoreedsof domesticdogsfor their
ability to usevarioushumancommunicativebehavioursto find hiddenfood. They found that
cooperativenvorker dogs(e.g.shepherdsyisehumangazecuesmoreskilfully thannonworking
breeds(e.g.basenjiandtoy poodle$. Due to their stronggeneticdifferentiationand phenotypic
variation (Parker et al., 2004) dogs are ideal cardidatesto study within-speciesindividual

differences.

Although the underlying evolutionaryfactors are still not fully clear, it is increasingly
acceptedhatthe socialcognitionof the adult petdog hasmanysimilaritieswith humaninfants,
especiallyregardingtheir contextspecific responsivenest® humanreferentialsignals(Topal,
Gergely Erdrhegyi, Csibra,& Miklosi, 2009)
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2.2.SOCIAL SENSITIVITY IN DOGS

Althoughtherearemanystudiesdemonstratingl o gegcéptionaktognitiveabilitieswhen
interactingwith otherdogs(Duranton& Gaunet2015) nowaday$iumansareconsideredhemain
socialpartnerfor manydogs andthe human caregivean potentiallyeplaceconspecificsn many
casesThereforeasetof well-developedsocic-cognitiveabilitiesin interactionsvith humanghas
becomemportantfor dogs.The peculiarity of the domestic dog is, that many forms of its social
behaviour are used specifically in interaction with humans, and these do not appear in
communication with their conspecifi¢csTop 81 , Ki s, & Ol 8h, 2The4; Wor
social behaviour of dogs with their c@egifics is regulated in a different way than their
interactions with humans, the latter is functionally similar to the way human social motivation
system is regulated. As a result of domestication dogs have developed a highly adaptive
information processig system. Consequently, domesticated dogs are much more flexible in

developing adequate leaning mechanisms than their wild ancésopé et al., 2019)

First of all dogshaveexceptiona(social)learningskills; they readilyfollow humanverbal
instructionsandare able tdearnto associatéabels(nameswith objectsor actions(e.g.Kaminski,
Call, & Fischer,2004;Pilley & Reid,2011) Another important hallmarkf d o gssphisticated
sociacognitive skills is their proficiency in spontaneouslyollowing a wide variety of human
communication gestures|It is commonly acceptedthat during domesticationdogs developed
unusuallygoodunderstandingf humancues comparedo otherdomesticatedpeciegMiklosi &
Soproni,2006;Soproni,Miklosi, Topél,& Csanyi,2002)andcommunicatesurprisinglywell with
humans,resultingin a uniqudy complexinterspecificrelationshipbetweenthe two. This has
mainly beentestedin two-way objectchoicetasks,wherethe humanexperimenteindicatesthe
correct(rewarded)locationto the dog with a certaintype of gesturalcue. Dogs show ability to
follow moresalientaswell assubtlecues,ncludingpointingatvaryingdistancesndfor different
durationsgazing(i.e.,turningtheheadto look atthelocation),andevenglancing(i.e.,notmoving
thehead pbutlooking atthelocationwith only theeyesi for areviewseeMikldsi & Soproni2006).
However,Scheideret al. (2011)arguedthatdogsdo not follow the pointing gestureoutsidethe
contextof finding areward,indicatingthattheydo not perceivethe pointinggestureasimperative

butratherasinformative(i.e., indicatingthelocationof thereward).Their results show that dogs,
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when responding to human gestures take into acammtextual information food-searching
context vs food absentcontext) as well as the human's tone of void@thers, however,
demonstrated hat dogs o r es pomagasodeflectah impeeative iptergretation n g
(Kaminski, Schulz, & Tomasello, 2@; Szetei, Mikldsi, Topal, & Csanyi, 2003)

Dogs have also been found to initialize hurdirected behaviours (e.g., gazing at the
human, gaze alternation)/hen facing an unsolvable situation, dogs often look back at their owner
and this behavirr is considered an attempt to involve the owner in the problem solving.
Socialization and close contact with humans alone, nor domestication alone cannot explain this
behaviar exhibited only by domestic dogs. Miklési and colleagues conducted comparative
experiments with two additional species: hamaised and well socialized wolvédliklosi et al.,
2003)and domestic cats kept as p@tslis catus);(Miklosi et al., 2005) Neither wolves nor cats

looked back at their owners when they were faced with an unsolvable problem.

Most researchersharethe opinionthatdogswere selectedor preferringthe eyecontact
with humansandfor usingthis form of socialcueasa potentialsourceof information (Miklési,
Pongracz].akatos,Topél, & Csanyi,2005) For example dogsrely heavily on signals given by
the human eyeandtendto follow the ostensivelydemonstratedolutionof adetourtask(i.e. eye
contact and speak in higitched voice)evenif a simplerway, a shortcutthroughthe fenceis
availablefor them(PongraczMiklési, Kubinyi, Topal,& Csanyi,2003) Otherstudieshaveshown
that dogsfollow humanpointing from very early ageson (Gacsiet al., 2009) evenif they are
raisedin akennelwith limited contactto humangHare,Brown, Williamson,& Tomasello2002)
Propensityto makeeyecontactwith humanshasalsobeenfoundto becrucialin taskswheredogs
haveto basetheir choiceon humancommunicativegesturesandaccountgor thefailure to follow
humangesturakuesin thecaseof wolves(Géacsietal.,2009)andapesMulcahy& Hedge2012)
Gacsiet al (2009) found that handraisedwolves do not follow cognitively more demanding
pointing styles, like distalmomentarypointingat youngageandare able tsucceedn suchtasks

only afterseveral monthsf socializationandextensiveraining.

Dogsalsofollow the gazeof a humanto atargetonly if eyecontacthadbeenestablished
prior to thegazeshift (Téglas, Gergely, Kupan, Miklési, & Topal, 201R)is important to mention
that ostensivecommunicativecuesare typically usedby humanadultsto addressnfants and

childrenin teachingcontexts(i.e., speakingn a high-pitchedvoice, establishinggyecontact).For

26



humaninfantsthe ostensivecommunicativecue represents&n indicator that the communicative
acti thegazingi wasmeantto provideinformationfor them.Ample evidencesuggestshatdogs,
like preverbalinfants,aresophisticategociallearnersandthey haveadvancedskills to perceive
andrespondo humancommunicativegesturesandemotions(seeTopdl,Kis, & Olah,2014for a

review)

In addition to visual cuedogscan efficiently extractinformationfrom vocal intonation
cues(ColbertWhite, Tullis, AndresenpParker & Patterson2018)andthereis someevidencehat
they are alsousingthe o w n eaffective cues(Merola, PratePrevide,Lazzaroni,& Marshalt
Pescini,2014; Turcsan SzanthoMikldsi, & Kubinyi, 2015)in problemsolvingtasks.Moreover,
they havethe ability to form predictionsaboutthe humanbehaviar throughthe observatiorof
third party interactiong Kundeyet al., 2011; MarshaltPescini,Passalacqudserrario,Valsecchi,
& PratePrevide,2011) and are able to use personalfeaturesas cuesto discriminatebetween
unfamiliar humansin orderto find the mostlikely cooperativehumanpartner(Carballoet al.,
2015) Kundeyet al. (2011)reportedthatdogscanderiveandacton informationaboutunfamiliar
individualsthroughreputationlike inferencesy observinghird-partyinteractionsDogs, in their
study, preferentiallyate food placedcloseto a personwho hadpreviouslyalloweda human(or
mechanicalyecipienttakeit from her,asopposedo food adjacento a personwho hadremoved
it whentherecipientreacheautfor it. These results suggabatdogsreliably choosdaheprosocial
partneracrossexperimentverthe antisocialone Others Rooney& Bradshaw2006)reportel
that dogscould assess potentialhumanplay partner,accordingto his/herbehaviourtowards
anotherdog. Given that humans provide dogs different resources (food, shelter), it would be

advantageous to be able to obtain information by obsetiv@iginteractions with others.

Besidesdogsseemto be sensitiveto the attentionalcomponent®f the humangestures:
they arelesslikely to engagen forbiddenbehaviar whenthe humanis looking at them (Call,
Brauer,Kaminski, & Tomasello,2003; Schwab& Huber,2006) and they producemore facial
expressionsrhenthehumanis orientedowardshem(Kaminski,Hynds,Morris, & Waller,2017)
Kaminski(2009)reportedhatdogsaresensitiveto theh u m avs@akperspectivandapproached
thetoy thatthehumancouldseein afetchingparadigmln sunmary, theabovepresentedtudies
providefurtherindicationthatthe process aflogdomesticatiorin generalandthe adaptation of

dogs6 ancestor t o t hiemoreyparizutarestoanin@elasedensivity o n me n-
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to socialinteractionswith humanswhich thenallowedthemto learnthe mosteffectivewaysto

interactwith themfrom their daily experiences.

2.3.DOG-HUMAN PARALLELS IN SOCIAL LEARNING SKILLS AND PROCESSES

SENSITIVITY TO OSTENSIVE-REFERENTIAL SIGNALLING TNATURAL PEDAGOGY

Domesticdogsform closeandindividualizedrelationshipswith their humanowners,and
it hasbeensuggestethattherelationshipbetweerthedogandtheownermightrepresenaninfant
like attachmenbond,including the so calledsecurebas® a nd 0 s effieds (Paleea& e n 6
Custance?008;Topal & Géacsi,2012;Topal, Miklési, Csanyi, & Doka, 1998)

For at leastl5,000years,domesticdogshavebeencloselyassociatedavith people.From
the very beginning of thdomestiation processlogs facedspecificadaptationathallengeghat
includedliving in close proximity tchumangroups It is reasonable to assume thalyathose dogs
couldintegrate into a group of people thdéspitetheir cognitivelimitations, could somehowbe
ableto gaininsightinto the incredibly complexsystemof humancommunicatiorandknowledge
transferprocessesThe goaldirected transmission of knowledge from one person to another
through play, langage, pedagogical and other social exchanges built into cultural practices are
essential in human communitidsvidently, tis has posed a very complex adaptation challenge
for dogsbecausehe way peopleexchangenformationor passon knowledgeto conspecificss
very differentfrom those ofthe animals(andnot just becausehe way we uséanguagég In case
of domestic dogs, the selection of humans who are most probably open for coopeabssess
relevant resources is very important. However, there is a significant difference between individuals
and breeds in terms of their ability to select valuable knowlbdged on theisocial interaction

with humangJakovcevic, Mustag; & Bentosela, 2012)

Social learning has its roots in early infankya broad senssocial learning mechanisms
include all forms obbtainingknowledgewhensomeone gains information about the environment
via social interactiong@mitation, emulation, stimulusnhancement, etd¢sibra & Gyorgy, 2006)

In the developmentadsychology literature, there is much evidence that children apply selection
between potential informants based on a number of charactef@léds & Kiraly, 2019) There
is amechanisnfor sharingknowledgethatis inherentin humansthe so-called naturalpedagogy
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(Csibra& Gergely,2009) which enablesven young preverbaifants to engagecompetentlyin
the human knowledge sharing and undergoesa profound changein his or her intellectual
developmentMothers instinctively and routinely use different forms of natural pedagogyto
interactwith theirinfant practicallyfrom the momentthe babyis born.

This is a peculiarly interactivesystemin which the adult ( téached vho wantsto share
knowledge,initiates an interactionto which the baby ( maive learned yespondsappropriately.
Therearethreedistinctpartsof this processin thefirst step thedeacheddeclareis/herintention
to shareknowledge and communicate(e.g. the mother addresseser baby with a specific
intonationandmakeseyecontactwith hen. Thent h e 0 thas aospbcdyrth@ referent (i.e. the
agent, object or event about which knowledge is manifested).-€béft® pointing and other
directional gestures are the basic forms of communications tools for referent assidinadast
part of this stefby-step procesis themanifestatiorof the knowledge content about the referent
(i.e. the motheexpresesthe specificknowledgeintended to be transferredCsibra& Gergely,
2009) It is important to note, that the aforementioned ostensieef er ent i al 0forepl
to provide an effective guide for naive learn@ms. triggers and facilitates a specific attentional

and receptive learning attituds)completely lacking imnimal social learning.

Dogs, however, seem to fulfil the operational criteria for being a recipiépédagogical
knowledge transfer. Increasing evidence suggest that like human infants, dogs are also competent
receivers of human specific ostensrederential knowledge manifestatioie solutionfor the
dogin evolutionartermshasbeento becomesensitiveto thehumancommunicatiorsignals(such
aseyecontact gazeshifts) andto the pointinggesturesThe prerequisitdor all of theses thatthe
dogfinds the stimuli thatplay a key role in humancommunicatiorattractive.In this respectthe
humanface and the eyesplay a key role. Téglaset al. (2012) for example,found that dogs
similarly to humaninfants,follow ah u m aga#ets theindicatedocationonly after having been
addressethy ostensivecommunicativecues.(i.e., speakingn a high-pitchedvoice, establishing
eye contact).Ostensivecommunicativecueshavealsobeenfound to influencedogsandhuman
infantsalike in the A-not-B task(Topal,Gergely,etal.,2009) In this task,therewardwashidden
in the (novel) B locationafterpreviouslyhidingit in the A locationseveratimes.Whenahuman
demonstratoperformedhehidingwith ostensivecommunicativeeues jnfantsanddogsi butnot

handraisedwolvesi continuedo searcHor therewardin the A location.Basedonafiner analysis
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of the viewing pattern,we canconcludethatthe visual scan patterns dbgs aremoresimilar to
thatof 5-monthold infants(Senju,Csibra,Johnson2008)anddogs areslowerin processinghan

adultpeople

Althoughdogsandhumaninfantsreadily graspthe informing featureof humanpointing
Tauzinet al. (2015)testedwhetherdogs,like infants,perceivepointing asa signalreferringto a
targetobjector referringto alocation In their studysubjectsverepresentedvith two alternative
objectchoicetrials. An experimentefirst attractedthe attentionof the dog eitherby calling the
d o griameand looking at it (ostensivecondition) or by clapping the hands(nonostensive
condition) then pointed at one of two different toy objects. Subsequentlythe experimenter
switchedthelocationof thetwo targetobjectsin full view of thedogsby graspingthe objectsand
makinga 180°turn. Theirresultssuggesthatd o gpsrfdrmances consistentvith thedirectional
interpretationof pointing, becauseat leastin the ostensivecondition, they selectedthe cued
locationreliably abovechanceandtendedo ignorethecuedobjed. Generally speakingags, like
humanchildren are sensitive tthetemporal pattern of ostensive referential communicatioen
respondingto human behavis. Howeverd o gs 6 under standing of h uma
similar tothat of preverbal infants, because they interpret pointing gesture rather as a-ocation
directed action and not as an objdirected(imperative)action.

It is alsoimportantto mentionthat dogs,like preverbalinfants, are highly successfuin
usingsignalsthatreliably indicatehumancommunicativeor informativeintentions,evenif they
cannotfully understandhe 6 me s s(ia.gtlee@ontentof this intention). Dogs show a similar
capacityastoddlersto takeinto accountthe attentionalstateof the audiencewvhen manifesting
gazealternationbehaviars towardsthem Namelythey tend to alternate thegazebetweenthe
apparatusand caregivermore frequentlywhen a task beammesunsolvable(MarshaltPescini,
Colombo, Passalacqua, Merola, & PrR®vide, 2013)

Evidently however,eventhough dogs have beenadapted to live in close proximity to
humars, they still remainedsocial carnivoresbeing & a large evolutionarydistance fronthe
Homolineage.Therefore, although dogs and humans share particular social akiltiscussed
above) we have no reason to assume that the underlying mental processes in dogs and human
infantswould be the samandit is still unclearwhetherinitiating communicativenteractionsand

sensitivityto the manifestatiorof communicativententionin othersrequiressomesortof theory
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of mind. The corepoint in the evolutionaryperspectiveof functionalanalogieds thatrelatively
simpleevolutionarychange®ccurringatlow-levelstages ofognitiveprocessingn dogstogether
with the emergence of an unprecedented flexibility of its behavioural sgatetaad taualitative
changes irsociatbehavioural skillsDespitethe factthatd o girsmdte predispositioniselpthem
to adequatelyntegratethemselvesn almosteveryhumansociety,the abovementionedindings

do not suggest the same cognitive mechanisms underlying the effects of ostensivenicative
cues in human infant$or dogshuman ostensivesignalsmay simply act as reliable signsfor

anticipatingfurther informative stimuli, and we haveno reasonto supposea recognitionof the

0 c 0 n c b p hbét&denhe communicativeandthe informativeintentof the human(Topal et
al., 2014)

Regarding the emergencéd o gsecialskills theremayhavebeenthreecrucialmoments
of domesticatior{Buttner,2016) First, specificchangsin the neurotransmittesystemseconda
robustdecreasén stressreactivity (increasingemotionalregulationthatresultsin the acceptance
of the humanas conspecific,leading to developmentof interspecific bonding), and third, a
decreasedversion tgotentially threateningocialstimuli, such agyecontact Thereductionof
stresgesponsivityandaggressiomadeenabledhe dogto observehe humanfaceandgazeand

thuslearnabouttheir role in communication.

2.4.NEURO-HORMONAL ASPECTS OF SOCIAL SUSCEPTIBILITY IN DOGS AND HUMANS - THE

EFFECTS OF OXYTOCIN

When looking for a "low level" key factor in the evolutionary emergenceof social
competenceaheoxytocin (OXT), a peptideof nineaminoacids undoubtedlyappearso beone of
the promisingcandidate. There is ample evidence to suggest thabkytocinhasakeyrolein a
widerangeof humansocialcognitiveandemotionalfunctions (e.g.Lee,MacbethPagani& Scott
Young, 2009) First, oxytocin plays a dual regulation role of the central nervous systes:
peptidecan act as neurohormones well asa neurotransmitterAs a hormoneQOXT regulates
sociatemotionalbehaviar (Heinrichs,von Dawans& Domes,2009) while it playsanimportant
role asaneurotransmittein stresgegulation(Neumann2002) andin regulatingtherewardvalue

of socialstimuli (D6len,DarvishzadehiHuang,& Malenka,2013)
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FurthermoreOXT canalso serve as an important fagtocontrolling the focus ddttention
andin mobilizing cognitiveresources$o deal withsocialsituationsi bothin terms ofevolutionary
andindividual developmentEvolutionarychangesn the oxytocin systempresumablyplayedan
importantrolein hominization(Carter,2014) asmanystudiessuggesthatit effectivelymodulates
the processingof social stimuli in humans, fine-tuning behaviars and decisionmaking
mechanismsctivatedin social situations.Thus, OXT has the potential ttintervene"at many
pointsin theregulationof humanbehaviar thatcharacteristicallygliffers from thatof non-humans
(Carter,2014)

OXT producedin the hypothalamusgontributesto the regulationof the activity of the
hypothalamapituitary-adrenal(HPA) axis to attenuatestressresponsgNeumann,2002) and it
induces potent physiological anxiolytic effects by decreasingcortisol levels, inhibiting
cardiovascularesponseso stress and attenuatingamygdalaresponsivityto emotionalstimuli
(Domesetal.,2007;RodriguesSaslowGarcia, John & Keltner,2009) It hasalsobeensuggested
thatOXT mightimproveemotionrecognitionby directingattentionto theeyes,andincreaing the
explorationof the central triangle region (eyes, nose, and moutliacdsin humangGuastella,
Mitchell, & Dadds,2008;SchynsPetro,& Smith,2009) Basedon this finding we could expect
thatlooking attheeyeregionimprovesemotionrecognition becausehis regionconveysghemost
relevantcuesfor emotiondiscrimination,andthereis a generarelationshipbetweerthe oxytocin
systemandlooking atthe eyes/facef humansHowever Lischkeetal. (2012)havequestionedf
sucha relationshipexists Their findings suggestthat oxytocininducedimprovementof facial

emotionrecognitionis independendf modulationsn overtvisualattention.

The fact that both the hormoneandits receptorare presentin mammalsand othertaxa
suggestshatthe OXT systemis evolutionarily highly conservedDonaldsorand Young, 2008).
Comparativeapproaches to studyirtdifferentspeciegevealedhatOXT hasanimportantrolein
regulatng pair bonding (Insel & Hulihan, 1995) social contact (Bales & Carter, 2003)
maintenanceof monogamouselationships(Scheeleet al., 2012) and parentalcare (Rilling &

Young,2014) In line with these findings there is a common agreement on the prosocial effects of

oxytocin. Previous research studies indicate that OXT has a nwledalating higher level social
cognitive functions such as emotion regulaijBodrigues et al., 2009y attachmentDonaldson
& Young, 2008)
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As regarihg dogs, ncreasingevidencesuggestshatOXT playsakey role in modulating
doghumaninteraction(Kis, Ciobica,& Topal,2017;Kovéacs Kis, Kanizsaretal.,2016;Kovacs,
Kis, Pogany,et al., 2016; Kovacset al., 2018) Comparativeanalysisof the oxytocin receptor
(OXTR) gene polymorphism in dogs and humesgealeda high degree dfimilarity betweerthe
two speciegMarx, Arany, Ronai,Antal, & SasvariSzékely,2011) Basedon theresultsof recent
studies(Benceetal., 2017;Kis etal., 2014;Kovacsetal., 2018;0lahet al., 2017)it appearghat
somevariantsof the OXTR geneare associatedvith different manifestationsof the human
directedsocial behaviarr in dogs A recentstudy (Kovacset al., 2018) providesevidencethat
geneticvariationsin dogs'OXTR gene(-213AG, -74CG and-94TC) are associatedvith their

attachmenbehaviairr to their owners.

Theresultsof Handlinetal. (2011)showthatevena shortterminteractionbetweera dog
andits owneris associatedavith asignificantincreasen oxytocinandcortisollevelsin thedog.In
their studyoxytocinlevelsweremeasuredn blood samplescollectedbefore,during, andaftera
shortterm interaction betweendogs and their owners Another study (Mitsui et al., 2011)
measuringthe urinary concentrationof oxytocin using radioimmunoassayfound that positive
emotionor a feeling of safetyhaveincreasedxytocin productionin dogscomparedo baseline
similarly to other reinforcing treatments such as eating and exercising.Different interactions
mightresultin changes iOXT levels.Rehnetal. (2014) for exampleinvestigatedhreetypesof
interaction(physicalandverbalcontactyerbalcontactonly andmerepresencé ignoringthedog)
initiated by a familiar humanafter a period of separationAccordingto their resultsthe type of
reunion( i . e. t he lftecteathedesdocrineandbehavjaral responsesf the dog.
Dogs,thatreceivedbothphysicalandverbalcontactduringthereunionphasecontinuedo display
elevatedxytocinlevelsfor longerduration.However theeyecontactwith afamiliar persoralone

wasenoughto stimulak oxytocinrelease

Oxytocin hasbeenshownto play arole in regulatinga wide range o$ocialbehaviar in
dogs It hasbeenreportedthatintranasallyadministeredDXT (i) modulatessocialmotivationto
approachand affiliate with conspecificsand human partners (Romero, Nagasawa,Mogi,
Hasegawa& Kikusui, 2014) (i) modulatesdogs'responsdo threateningcues(Hernadiet al.,
2015) (i) enhanceperformancaisingmomentarydistal pointing task (Oliva, Rault, Appleton,

& Lill, 2015) (iv) decreasesaversionto gazingcues(Oliva et al., 2015) (v) inducespositive
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expectationgjudgementbias)aboutambivalentstimuli (Kis, Hernadi, Kanizsar, Gacsi, & Topal,
2015a)and (vi) increaseseyegazebehaviar toward their caregiver(Nagasaweet al., 2015)
Intranasabdministrationof oxytocinalso appears taffectbiological motion perceptionn dogs
(Kovécs et al., 2016)The authorsfound that different aspectsof the dogd oersonality
(Neuroticismand Agreeablenessnodulated the effects @XT treatmenton biological motion
perception highlighting the role ofindividual characteristicin the behavioural response to

oxytocin treatment

In sum, oxytocin plays a highly complexrole in modulatingdog-humaninteractions,
however, bath the dog and human intranasal oxytocin researchstill suffers from several
methodologicaldiscrepanciegstudies have administered different doses ofOXT - ranging
from 12 IU to 40 1U and waiting periods after the treatnadsd vary- from no waiting period to
45 min)(Kis etal., 2017)

2.5.DOG-HUMAN PARALLELS IN SOCIAL BEHAVIOUR DISORDERS

Although dogs are highly social animals, undesirable bebes/@rerelatively commonamong
domestic dog Several forms of aggressiomligging barking and marking are natural behaviours

of dogs to a certain extent. Howewearious forms of behaviour cém@comeproblematic thevhen
animals live in human communitieExamples include mouthing, urine marking, mounting,
excessive barking and howty, chewing play biting, stealing food chasing, sparation anxiety
urinating and defecating insidgrowling and biting resource guardingeash aggression and
pulling, running away and &cessive licking These may have developed as a resufjesfetic
factors, stressful perinatal environment, insufficient early socialization, medical conditions
affecting development, or particularly traumatic environmental ev@fasada, KuzéArata,
Kiyokawa, & Takeuchi, 2019)

Soci al deficits are ofteun maobf embeéadcigibantt di f f e
source of distress for dagvners andhis is he most commoreason whywnershandtheir dogs
in to animal sheltes. For example,excessive barkingor a combination of howling, whining,

whimpering maybecome probleatic and disrupt a previously stable huntampanion animal
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bond (JuarbeDiaz, 1997) When left at home alone,dng with separation anxietgisorderwill
oftenbark excessively anthis prompt neighbors tomake ecomplain  about t he dogods

(note thabwners may not even be aware tlmgsare barking when thegre away.

In addition toexcessive vocalizatigseparatiorpanic symptomsnay also manifest itself
in several waysdestructive behavig, restlessness, inappropriate urinatmldefecationhyper
salivation escapeattemptsor inactivity i Overall, 1997) Separation anxiety was initially
described by Bowlby1960)from an evolutionary perspective suggestimgt human children and
young primate®xhibit similar patterns of ttress patterns when separated fronir tbaregiver
(attachment figure While someresearchersttributes thisbehaviourto dogs 6 dysf unct i
attachment relationships with their owng@gtonok, Déka, & Miklési, 2011; Parthasarathy &
CrowellDavis, 2006) several studiehave pointed to the role gfossible risk factors for
separation anxiety, such as the geixGreevy & Masters, 2008preed(Flannigan & Dodman,
2001) family structure othousing conditiongBeerda, Schilder, Van Hooff, De Vries, & Mol,
1999) There is however,no consistent agreemeamong researchebout thepossible risk
factors for separation anxiet{for a review se®gata, 2016)

Two other terms are worth mentioning in this respegpen attachmentnd over
attachmentTheseterms are oftenusedfor describingdogsthat are exhibiting constant contact
seeking behaviws. It can be characterized by staying constaokbge tothe owner, following
andtrying tomaintain physical contact with tireiman caregiveiDogs express distress behawio
to departure cues of the owner and become anxious when are detached from theaviheng
in the same roorfAppleby & Pluijmakers, 2004An additional typeof anxiety disordehas been
described ageneralizedanxiety (Overall, 1997) with symptons similarto those exhibited by

humars andobsessive compulsive disord@verall, 2000)was also described in dogs.

Moreover,s udi es i nvestigating doggHoppaBintindaht i on ¢
Emonds, GansloRRer, & Doz, 2017; Vas, Topal, Péch, & Miklosi, 20€09rtedADHD-like
behaviar in dogsandseveral studiesxplored theyenetic underpinnirgpf this diseas¢Hejjas et
al., 2009, 2007tto et al., 2004)Studiesalsoshow thatinappropriate socialization with humans

(insufficient physical contact with people during the sresperiod) and traumatic experiences
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are frequent causes of fear induced aggressivefi@sglsberg, Hunthausen, Ackerman, &
Landsberg, 2013)

It is also increasingly suggested, tHags provide @romisinganimal model for the study
of autism spectrum disordd€ifopal et al., 2019)The authorspropose that the behavioural
(evolutionary) convergences between dogs and humans make dogs especially suitable for studying
the relevance ahesocial motivation deficit theory and the atypical tolerance for prediction error
concepfisee 1.2.5 abové) ASD-like behavioursThis is so, becaus#ogs have evolved a highly
flexible information processing systefm response tcchallenges of adaptation to human
environmenk This means that they are able to tolerate the prediction error at a high level in diverse
and complex social learning situatiohBwever, dogs that atgghly sensitive to environmental
disturbancesnd thuscannot properlyespond to violationsf their predictiongi.e. having dow
level of tolerance for prediction erjpmay face similar ballengesn their social interactiont
children withautism spectrum disord€Fopal et al. 2019).

However, he extent to whicldogsare open to establishing and maintaining contact with
humans may vary between breeds and individaats thusdifferent breeds may be differently
susceptible to-l dkeél bpditsa(Eopabesal. 2A1Ithasdeen shown
for examplethatBull terriers, due totheir breedspecific behavioral habits, may be particularly
suitable for modéing autism(Tsilioni et al., 2014) Many of the bull terriers show a strange
behaviaral symptom of repetitive tail chasin@odman, Bronson, & Gliatto, 1993)This
behaviouris largelysimilar to the stereotypimovements of children witautian (hand flapping,
rocking, spinniny and also shares some similarities with symptoms ofhtinaan obsessive
compulsive disordgiinvoluntary movemeni$iand waving, body rocking, or head bangirihis
behaviour seem to serve as a respons#fficulties that the child (or the dog) has properly
coping with the environmental changes (e.g. sudden unexpected stimulsetatt et al., 2012)

This is supported by the finding thailtchasing behavigr occurs more frequently in unexpected
stressfulsituations Others argu¢hat epigenetic factors also contribute to the emergence of such
behaviar (Moon-Fanelli, Dodman, Famula, & Cottam, 201Ihe manifestation of other
associated behawo a | i ssues, such as aggr essixedmstare sei z u
and associated immobility) are more frequent after some precipiategpected and stressful)
event(Dodman et al., 1993)
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Tail chasing and related symptomdBiull Terriers ardirst manifested at a very early age
(8 weeks of age) and are more typical in male dogs. The beinasiasually triggered by
frustration and theedogs have severe difficulties in coping with stress. They are less responsive
to human signals, have difficulties in understanding human communication cues, have reduced
social skills and learning disabilities (affected dogsy be impossible to train). In many cases
they have other associated repetitive behavatterns, such as flank sucking and circling, they
tended to stare at something motionless, showing fixation on objects (trancing) and their social

interactions frequently seilt in aggressive behawio(Tsilioni et al., 2014)

In summary, accumulating evidence indicated the dog is a promising model species to
study humananalogue manifestations of social behaviaglisorders(Bunford, Andics, Kis,
Miklosi, & Gacsi, 2017)as well as the genetic background of cerfasychiatric conditions
(Dodman et al., 2016; Parker, Shearin, & Ostrander, 2010)

3. SPECIFICASPECTSOF SOCIAL LEARNING PROCESSESPRIMING, AUDIENCE

EFFECTAND SOCIAL CATEGORIZATION SKILLS

3.1.PRIMING EFFECTS OF SOCIAL STIMULATION 1

The priming effect in the field of social cognition usually metra we presentsome
specificstimuli to the subject with the aim of activating a particatamcept category, oemotion
and then measathe outcomeof the prime on performance in some othentext(Wheeler &
DeMarree, 2009)This methodology was initially based on the idea, that the human mind is
organized as networks of associatiamsl activating a specific conceputomaticallyrecalk all

the associated information, memories, attitudes or affections.

1 This chapter is based o®lah, K., Elekes, F., Turcsan, B., Kiss, O. & Topal, J. (201650cial Prereatment Modulates
Attention Allocation to Transient and Stable Object Propeffiemt. Psychal|https://doi.org/10.3389/fpsyq.2016.0164:8d
Galambos, A., Gergely, A., Kovacs A. B., Kiss, O. and Topal, §2020). Affect matters: positive and negative social
stimulation influences dogso6 b eAppl.\Anir. Behavi St{Submitted magusarijpt me nt a
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Priming techniques we among the earliest methaldgical approaches in the field of
social cognition This methodology, in @road sense, allows researchers to measure what
associations are automatically activated for a given individual in response to a particular stimulus.
Priming effects have been repeatedly demonstrated in the social psychology literature (for a review
seeBargh, 200%. Although most of these studies link a specific prime with a highly correlated
concept or behavio - e.g., the concept dfudenessas primeand subsequently interrupting the
interaction partner more frequent{argh, Chen, & Burrows, 1996)n certaincases,more
general concepts may effectiyebrime behaviar. Over and Carpentg2009) presented 18
monthold children with photographs of humahaped figures that evoked a feeling either of
affiliation or individuality. In a subsequent task, children who had seen picturesiliatiaff

helped another person more often than children who had participated in the individuality condition.

The priming effect is also a wallocumented evidence of how dynamically and adaptively
the human cognitive system functioridnder certainconditions (frequent coccurrence of
stimuli, memory recall cuesh¢ whole system can be tuned to react sensitiveligoelevant
information Since he human information processing system is continuously exposed to a series
of stimuli, of which only asmall portion can be effectively processéds crucial to selectthe
knowledge that is valid and useful in our social environment and filter out irrelevant elements of
information from the excess of stimuli reaching our cognitive syg@sibra & Gergely, 2009,
2011)

Accordingto the Natural Pedagogy theory, the evolution of the human brain has been
greatly determined by our capacity to follow the communicative signals. Even infants younger
than 5 days prefer to look at faces for direct d&aeroni, Csibra, Simion, & Johnson, 200Phis
theoryproposes that humanseavsorn with a specializedenhanism that makes them sensitive to
ostensive signals (e.g. egentact) that indicate that the other person is about to present relevant
information, and referential signals that specify the target odjeetcommunicative presentation
modulates the type of information extracted from the interaction. Ample evidence show that
children are more likely to imitate actions when the demonstration of action is placed in a
communicative context (with the usageostensive cues) than when the demonstration does not
use these elemen(sutd, Téglas, Csibra, & Gergely, 2010; Kiraly, Csibg.aGergely, 2013;

Southgate, Chevallier, & Csibra, 2009he results of these studies suggest that the ostensive
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communicative context significantly modifies the interpretation of the actions and events presented
as opposed to the narstersive context The ostensive presentation conditions elicited two types

of pragmatic conclusions: on the one hand, they helped to identify the intended referent (inference
of the referential intention), and on the other hand, they promoted the reconstruction of new and
relevant information about the referent (i.e., informative intention). Importantly, infants did not
draw similar pragmatic conclusions when the same beta@vigere presented to them in a non

ostensive context

Ostensive communication direcistention to the generalizable aspects of the situation.
This ability of humans to switch to a mode of information processing where they focus on the
stable aspects of the environment and make generalizations, can be considered uniquely human
property(Csibra & Gergely, 2011)his allows us to be freed from the lmais of the'thereand

now' and thus lays the ground for a number of higireler functions, such as symbolic thinking.

3.1.1. Social primingi people with ASD

It has been revealed by eye tracking stutfiatchildrenwith ASD showdecreased interest
and attentiorto social stimuli (Chawarska, Mcari, & Shic, 2012, 2013; Shic, Bradshaw, Klin,
Scassellati, & Chawarska, 2011; Webb et al., 2010ps been suggestdtit children withASD
have decreased sensitivity to ostensive ardsil to detect the signals indicating tlsatmeone
else is intending to communicate with therfFalckYtter, Bolte, & Gredeback, 2013)
Unfortunately little is known abouthe impact of social cugand especially ostensive cums
people with autism spectrudimsorder A recent studySchuwerk, Batz, Trauble, Sodian, & Paulus,
2019)using an adaption of the chandetection taskseeMarno et al. 2014)foundthat10 year
old children with ADSand neurotypical control participargeow similartask performance and
sensitivity to ostensiveues A recentcase study expledthe frequency and types of ostensive
cues used by two mothetso g ai n t h e i rand canipadthesedporsdstdfeeint i o n
infants @ typically developing infanand an infant whowas diagnoseavith ASD) (Shizawa,
Sanefuji, & Mohri, 2012) The authorgeported that the mothers dsestensive cues a very
different mannerthe mother of the autistic child usetbre salienbstensive cuesnore frequently

andmore directly while the infardd0 r e s p o n s e s O0dues werehsamilaiThusnbseems r s
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that mothers of children with AS@end to compensate faneirc hi | d 6 s s byamorae | def i

directive behavior in their interactions.

Thereareonly a fewadditionalstudiesin the literaturdocusing on the effects of priming
in a broadersenseon social behaviar in patients withASD. Gengoux(2015) for example
explored the effects of a relatively short {30 min) socié priming intervention(one-on-one
playing with an adult on the social initiations made by children with aufidme results shothat
priming sessions could increase childrends mo
initiations andfacilitate peerdirectedverbalstatementsluringfree play timegvenone dayafter
the priming sessionln anotherstudy(Cook & Bird, 2012)participants were asked to-aerange
sentencesvith either presocial attitude or nosocial attitudeelated contentand then testefbr
imitation. The auth@reported that participants primed with words promotinggwaal attitudes
showedbetter imitation performandhan participants primed with words promoting rsmcial
attitudes Importantly howeversuchdifferences between preand norsocial groupgould not be
detected in the group digh-functioning adults with ASD.

Although piming may be a particularlinterestingapproach founderstanding thepontaneous
socialbehaviourit remains to be clarifieathetheratypicalsocial primingeffectsplay aprominent

role in thesymptomatology oASD.

3.1.2. Social primingi nonhuman species

Although many assume that the above examples of guimaing are based on uniquely
human skills (Tomasello et al. 2005; Shteynberg 2010);humman animals have also been
reported to adjust their behaviour to the previously observed social actions of their interactant (e.g.
Huber et al. 2009). As mentioned abovemestic dogs have recently been suggested to be an
ideal model of human social behaviour as they show several functionally Hikenancial skills
and appear humataned in their social behaviour skills. This enables them to achieve a higher
level of syntironization when interacting with humans (Tomasello and Kaminski 2009). Dogs are
equipped with skills necessary to establish behaviour synchrony: they can efficiently use human
behaviour as a cue for per for mi ng(Fudarza andi on al

Mikl6si 2014), they can use the emotional information provided by a human about a novel object
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to guide their own behaviour towards it (Turcsan et al. 2014) and there is also empirical evidence
suggesting empatHyased emotionally connectedwa contagion in dogs (Silva et al. 2012).
Moreover,dogs readily adopt even inefficient responses in object manipulation tasks as a result of
repeated observations of ostensivaled human demonstrations (Kupan et al. 2011) and they are
alsowi I l ing to ignore their O6natural é preferenc
humands explicit puarity @ratePnevide etfalo 2008 Recentavaléntee r
alsoindicateghat affectladen social experiences hasthepbtenal t o i nfl uence doc¢
variables and sleep macrostruct{ikes et al., 2017)While the aforementioned studies provide
solidevi dence f o-ike suscegpsibdity to sotial mfluence, it still remains unclear

whether their subsequenthaviour could be influenced by affiliative stimuli (ey@ntact, petting)

as primers to prosocial predispositions.

3.2.CATEGORIZATION AND SOCIAL CATEGORIZATION 2

Classification is usually referred to as the process of organizing the knowledge and
simplifying the environment. Not only do we group incoming stirnfeirceptual categorizatipn
and form our representations based on categ@eseptual categorizatiprbuthumangend to
place others and themselves in&tegories called social grasocial categorization)rhe social
groups are created on the bases of common characteristics between fecomiding to the
principle of cognitive efficiencyHoffman, 2012)we would not be able to absorb so much

information if we did not simplify the world in order to decrease the cognitive load.

It is our natural tendency to think categaily, evenyounginfants are able to categorize
certain stimuliQuinn and Johnsof2000)reportedthatinfants from 2 months of age are sensitive
to similar characteristic traits, and can form simple categories for which the functioning of the
perceptual system is sufficient. This is also confirmed by the fact that the qualitative change

observed during delopment is mainlycaused bythe increase in knowledge and rimt the

2This chapter is based oKiss, O., Kovacs, K., Szantho, F., & Topal, J. (2018%imilarity between an unfamiliar

human and the owner affects dogsdé preference Létamr human
Behav46, 430 441 https://doi.org/10.3758/s1342AM 8033 7-y

Kiss, O.,0lah, K., Fehér, L. J., & Topal, J. (2020)Social categorization based on permanent vs transient visual

traits in neurotypical children and children with autism spectrum disar(mrbmitted manuscript)
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application ofmore complex and elaboraterhtegorization strategyNeedham, Cantlon, &
Ormsbee Holley, 2006; Quinn, Yahr, Kuhn, Slater, & Pascalis, 2002)

According to theraditional view ofobject perceptiofiterature,categorization skills move
from an initial global processing to analytical procesgiall, 1989; Kemler Nelson, 1989here
is an obvious developmental trend in this ability in terms of what traits, what interactions are
needed for the infant to recognize the new stimulus as belonging to the same categarym g er 6 s
results(2003)confirmedthat the analytical ability appeaareadyin theearly infancy. In infants
agedbetweerdi 10 monthspsing thepreferential looking paradignie showedhat it was not the
global similarity traits but certain characteristicsf the objectsthat were dominant in the
categorizatiorprocessin their experimentsategorization based on global similarity traits means
the formation of broader categories, tivatludes thdnitially familiarized categories as wels
other perceptually similar objects.n contrast to t he thabregsilesca | ev el
more focused attention on details, and theezfesults imarrowercategoriesind sharper category

boundariegYounger & Fearing, 2000)

Categorybased social preferences emerge early in development, young infants'
categorization performance stems mbkely from familiarity with phenotypic characteristics
(e.g. language, accent efc.Kinzler & Liberman, 2017)rather than from a sophisticated
understanding of ingroup/outgroup distinction (for a review/Assaures, Quinn, Pascalis, Slater,

& Lee, 2013) For example, preverbal infants prefer speakers of their native lan¢kimgéer,
Dupoux, and Spelk@007) and, when raised in a racially homogeneous environrieytprefer

to look at faces of their own ra®ar-Haim, Ziv, Lamy, & Hodes, 2006t has also been reported
thatboth 9 and 14month-olds prefer individuals who harm dissimilar others over thosehelm
them (Hamlin et al, 2013) Furthermore, when -3to 4-yearolds are sbwn photographs of
unfamiliar ownrace children paired with otheace children and asked which one they would like
to choose as a friend, they show no racial biases in their cl{8lcegs Roben, & Spelke, 2013)
However, when asked to sort photographs of familiar classmates, children as young as 3 to 4 years
of age tend to report more othce than owarace peers as classmates whom they like the least
(Ramsey & Myers, 19900thers found thathreeyearold children tend to select similar and
familiar informants over dissimilar and unfamiliar onésas information sourcgfkeyesJaquez

& Echols, 2013j|nd are more likely to generalize object functions to a categoryetd@safter
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having seen a demonstration by a linguistically familiar adult experimenter (vs. a model speaking

in a foreign language) on how to use the {@kh, Elekes, Peto, Peres, & Kiraly, 2016)

Generally speaking it seentisat preverbalinfants and young childrergenerate social
preferences on the basis of trivial similarities to self, but do not appear to do so on the basis of
truly arbitrary similarities generated through random assign(Matiajan & Wynn2012) These
resultssuggestthat the early emerging social categorization, as an important aspect of social
learning, indirectly influences the relevance of information and the use of resources in the social

learning processes.
3.2.1.Social categorizationi people with ASD

As mentoned above, it is widely acceptdtat the sociatognitive abilities of individuals
with ASD are significantly impaired, yet little is knovspecifically about how it affects social
categorizationAvailable evidence suggests thadividuals with ASD have difficultyntegrating
information and display impairments in categorizing new information, especially in forming
prototypes during category learni(ilinger & Dawson, 2001)it is reasonable to assume that the
impairments in general categorization abilities ampagentswith autism could also result in
social categorization difficulties. Social categorization is essential for everyday social interactions.
Forming categories of people, identifying the boundaries of different social categories is necessary
to make inductive inferenseabout other people, to understand and predict their behakics
however also essential to be flexible with social categories, and with the prototypes produced to
help identify people belonging to them. This might be a component that makes soatabrsst
difficult to process for people with ASD, as they tend to form hyperspecific prototypes, and only

accept those items that fit the category perfd@lyurch et al., 2010)

In general, research suggests that autism results in reduced abilities to extract abstract
categorization rules from environmensimuli, while categorization based on simple features
may be intact (Kline& Dawson, 2001; Gatsgeb et al., 2012; Minshew, Meyer & Goldstein, 2002).
These findings have been connected to the Ow
suggests thatgople with ASD may be more focused on local rather than global features of stimuli
(Frith & Happé, 1994). Moreover, Skorich and colleagues (2016) have provided evidence that the

more commonly described mindreading deficit in ASD (Ba@mien et al.1985) may also be
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related to individual so6 t e offlierarchigallytorganized sociad mo r €
categoriesThey proposed that difficulties wiocial interactiorxperienced by peopleith ASD

may be explained btheir poorsocialcategorization skillsin fact, ®If-categorization has crucial

role in the formation of the sociaentity (Turner, Oakes, Haslam, & McGarty, 199%nd

integrates both the processes of social stimuli (social perception) and the usage of social
categorization cues in order to define kamherself as a member of a group based on the actual

social contex{Skorich & Mavor, 2013)In line with thesepeopleon the high end of the autism
spectrumare more likely to process social information at a localizterahan a global level

Difficulties in social categorization coulalso be associated with a decreased sense of
belongingto a particular social group, thereby reducing social identificgtBwoper, Smith, &
Russell, 2017)Research aiming to unravel ingreaptgroup preferences in ASD found that
people withautismtend to show less ingroup favouritism, and identified less with their ingroup
than neurotypical individuakBertschy, Skorich, & Haslam, 2019)

Although these findings provide evidence thatiaocategorization might have an
important role in autism related social deficies of yet, empirical evidence about social
categorizatiorin ASD is scarce and indireeindthe underlying mechanisnsdill remain to be

answered.
3.2.2. Sociakategorizationi nonhuman species

Besides humans, any social animallave a fundamental propensity to divide the social
world into groups and make decisions based on ingroup/outgroup distin¢ticzese of non
human animalsa crucial aspect of social categorization is that it may serve the function of
exploringthe opportunities and risks of cooperat{@alliet, Wu, & De Dreu, 2014)Results of
previous studiesuggests that social species have an evolutionarwipee capacity to identify
the members of their groups and to select potentaperative partnersThis capacity may
manifest through differ® mechanisms, including kin recognition (an innate ability to detect
genetic similarity) and sensitivity to familiaritylility to discriminate familiar from unfamiliar

individualsi Hepper, 1986)

One of the key elements a@boperative behaviw in group isidentification of those

individualswho are reliably willing and able to cooperdter this challenge, thesnpal | ed At ag
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based cooperationo may pr ovVvi tenanaspesieggdxelrodi on i n
Hammond, & Grafen, 2004)Accordingly, individuals engage in cooperative behawiavith

another individual based on whether they possess a certain indicator of being a good partner for
cooperation (e . wi || not defect, wi | | repregentedbgedamat e , e
phenotypic traits that can guide social preferences and thus may be viable tags for cooperation
(Cohen, 2012)It is important to note, however, that different phenotypic traits could serve as
reliable basis for establishing social and cooperative preferences simply via familiarization with
those cues without formingpnceptually rictsocial categories.

Ample evidence suggeshat noshuman species are able to classify conspecifics as
familiar or unfamiliar, ranging from primatéBerrett, Mistlin, & Chitty, 1987 yodentgFerguson,
Young, & Insel, 2002)and birds(Vignal, Mathevon, & Mottin, 2008Jo microbes(West &
Gardner, 2010)

Familiarity canincrease social tolerance between individ(iatglé, 2M@8), and it may also
be an important factor of mate cho{€andall, Hekkala, Coopeg, Barfield, 2002) Experimental
studies on the susceptibility to social influence (empathic responses) have also provided evidence
that empathic responses are based on familiarity, rather any kind of more complex inference or
category representation.hiinpanzeesRan troglodytes for example, tend to yawn more in
response to watching videos presented yawns by familiar than unfamiliar chimpanzees
demonstrating familiarity bias in contagious yawni{i@ampbell & de Waal, 2011A similar
phenomenon appears to occur in domestic d@gmi¢ familiarig; they tend to yawn more
frequently when watching their owngrsrforminga yawn than unfamiliar human mod@Blomero,
Konno, & Hasegawa, 2013%tudies also found a tendency toward higher prosocial beinswmo
dogs when the conspecific is familiar than when it is a strgibgde, QuervelChaumette, Huber,
Range, & MarshalPescini, 2016; Querv&lhaumette, Dale, Marshdfescini, & Range, 2015)

In sum, although there @mpleevidence tosuggest that social preference for ingroup
members is one of the central aspects of human bemdvwom very early on, it is still unclear
whether dogs are able (and willing) to categorize people into ingroups and outgroups in order to
select potential coperators and whether the perceived level of similarity to the caregiver has an
influence on dogsdé soci al preferences. Mor eov

determine whether dogsé soci al (jpdagdlkehemaoes ar e
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infants1 develop preferences based on persistent belravioharacteristics such as language
usage) or, like in older children, novel arbitrary group markers (e.g. clothing cues) can also guide

dogs to select certain prospectsaxial partners over others.

3.3. AUDIENCE EFFECT?3

In the past few years different cognitive frameworks have been proposed to account for
audience effect in humans. All of geexplanations presume some degree of consciousness
(Bond, 1982) mentalizing(Hamilton & Lind, 2016) representation of setioncept and the desire

to make a positive impression on oth@ghard & LajinesOneill, 2015)

Obviously, he ability to monitor others visual attentisnof crucial importance in human
communication. Since the early experiment3 mplett (1898)a large body of research has been
generated in order to understand and explain the impact of social presence on different forms of
behaviour. The term Badeveloped from social facilitatiofpllport, 1920)to audience effect
(Zajonc, 1965)and monitoring pressur@Aiello & Douthitt, 2001; Belletier et al., 2015)
highlighting different aspects of t he phenom
presence enhances performance have been confirmed on different tasks (for a review see e.g
Guerin, 1986)when people think they are being watched they are less likely to break the social
rules (Baillon, Selim, & van Dolder, 2013and more open for cooperati¢Burnham, 2003;
Burnham & Hare, 2007; Haley & Fesslef0B). However, a ot her i ndi vi dual 6s
alsolead to poor performance in difficult tasks requiring attention control, due to the increased

peerpressuréBaumaster & Showers, 1986; Belletier et al., 2015)

Different theories have been proposed to explain the complex pattern of behavioural
changes observed in audience effect situation. The drive theory was proposed by(12G6ihc
and it assumes that the mere presence of other people leads to increased arousal level, which in

turn enhances theccurrenceof dominantbehaviar responses. According to his @pgations

3 This chapter is partly based oltiss, O., Kis, A., Scheiling, K. & Topal, J. (20@). Behavioral and
neurophysiol ogical correlates of dogsé individual sen
monotonous tasBubmitted manuscripKiss, O., Topéal, J.( 202 0) How do dogs monitor t
state after cHienged by the presence of forbidden food?. BIOLOGIA FUTURA 70,1103. https://doi
org.stanford.idm.oclc.org/10.1556/019.70.2019.13

S
h
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when the task is familiar, wefiracticedand easy to perform the presence of others facilitates the
performance but on the contrary the presence of others decreases performance when the task is
difficult or more complex and requires the acquosiof new competenci¢gajonc & Sales, 1966)

(Zajonc & Sales, 1966)rhe social comparison theory originates frGairell at al.(1968)who

claimed that the social nature of the situation can induce evaluation anxiety during problem solving
leading to poor performance. Similar social theories were proposed claiming that people try to
have good impression on others (gaksentation(Baumeister, 1982and try please those who

are observing theipehaviar (Bond, 1982) These social theories assume that people use these
situations for sharing information about themselves, thus in simple tasks this effort motivates and
improves performance, however the fear from errors and bad impression will result in impairments
ofpebor mance. This so cal |l ed (Beletreroekal., 2@l5yeneratesir pr e
a large body of research leading tognitive theories and explanations relating to different
executive attention levels. On one hand the-taskevant worries can distract the attention from

the task being performg@eilock & DeCaro, 2007; Gimig, Huguet, Caverni, & Cury, 2006)

On the other hand, the increased awareness when performing leads to increased executive attention
toward the task.

3.3.1. Audience effect people with ASD

Audience effect is a phenomenon that may playingportant role in the differential
diagnosis of autismPrevious studies have shown tkhtldren diagnosed with autism perform
specific tasks differently compared to the typically developing children, when someone observes
them(Chevallier et al., 2012; Chevallier, Parstorris, Tonge, Le, Miller, Schultz, et al., 2014;
Hamilton & Lind, 2016; lzuma, Matsumoto, Camerer, & Adolphs, 2011; Scheeren, Begeer,
Banerjee, Meerum Terwogt, & Koot, 2010his may be sobeasgege nsi t i vi ty t o ot h
attentioni a core component of audience effécts strongly affected in autisn(Richard &
LajinessOneill, 2015) Moreover peoplewith ASD have a reduced motivation to engagsocial

interactions and haweduced ability to manadkeir ownreputation(Chevallier et al.2012)

In order to test the links between social motivation and reputation management in ASD,
Chevallier et al(2012)asked children (age 125 years) to rate a set of pictures, then they were
given the opportunity to inflate their initial ratings in frafta person who declared that she had

drawn the picture. Typically developing children increased their ratings, while children with ASD
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did notimprovetheir ratings in the presence of the drawgudiesusing donation paradigms
provide further gpportto the reputation management deficits in AGLage, Pellicano, Shah, &
Bird, 2013; Izuma et al., 2011)lamdy, peerobservation did not enhance the prosocial belavio
of ASD patients in a charity tasiore specifically, while matched healthy controls donated
significantly more in thaudience conditigrparticipantsliagnosedvith autism did notScheeren

et al. (2010) compared selpresentation skills of adolescents with highctioning autistic
spectrum disorder to typically developing contrdlbey reported, thatdth groups exhibited a
tendency to be more positive when describing themselves in aligeeiedaudencecondition

but not in the baselinevithout projected rewajd The only difference between the groups was,
that, when they were informed about the audience preferencesfuhgtoning autistic
participants were less strategic and less likely tosefgoromoting statements in order to please
the audienceTlhey insisted to the social and momnalesmore rigidlyandrefused to lie.

In summary several studiehaveshown a reduction in the audience effect in autisna
this has been linked to mentalizing or othieeoryof mind difficulties. However, we should note
t hat sensitivity to othersdé visual attention
processesnfants, for example, are sensitive to whether someone is watching them from very early
ageon; 1 yearolds modify their pointingoehavird e pendi ng on the awudi en
engagement in the tagkiszkowski, Carpenter, Henning, Striano, & Tomasello, 20a4Jl
toddlers take thei partner 6s visual attention into acc

requesting paradigrfMarshaltPescini et al., 2013)

3.3.2. Audience effect nonhuman species

The phenomenon of O6audience effectd is not
describe sociahteraction between nonhuman animals (Coppinger et al., 2017). Ample evidence
suggest that the mere presence of conspecifics may affect the heldvionhuman animals in
various situations. Social influences can both intobiiacilitate behaviouramorg group mates,
as has been reported in wide range of animals, includinghmman primates (Reynaud et al,

2015; Visalberghi and Addessi, 2000), other mammals (Sherman, 1977), birds (Evans and Marler,
1994) and fish (Karplus et al., 200@nportantly, hovever, t is hard to distinguish the mere
presence effect from competition effect, increased fear resp(vieese, Byers, & Baron,981)

or increased general arousal level (for a review see Guerin, 1993)hdsex of the audience
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mayalsoplay a majorole. Male Siamese fighting fishe3dtta splendensfor example, arenore
aggressive toward another male fish, in the presence of a male audience than when a female or no

audiencas presen{Dzieweczynski, Earley, Green, & Rowland, 2005)

We should also note, thahdre is an apparentaaonsistency between the human and
nonhuman animal literature regarding the conceptualization of the audience effect. Namely,
audience effect in animal studies is generally used to refer changessigrtikng behaviar of
individuals caused by the mere presence of other indivigBal€oppinger et al., 2017)n line
with this, a fundamental question for studying audience effect in nonhuman animals is whether the
observed changes behaviar indicate volitional control over signal production (e.g. more food
calls when females are nearby than when males are prdsesuis & Marler, 19949r these are
merely associated with aroug@ajonc, 1965)Unf or t unat el vy, these i nves

ef fect 6 ianimafsbavdlitilenidamy, relevance to studies in humans.

Some studies on honhuman primates, however, showed that audience effect is more than a
O6mere presence effectd ggoalefi.s ssoecnisailt ifvaecitla ttal
perceptal states, and modifies its signal use accordingly. Evidence suggests that nonhuman
primate facial expressions can be mediated by the attentional states of an audience, and that the
signalers have some understanding of what others can (and cannofl.esaeens, Russell, &

Hopkins, 2010; Poss, Kuhar, Stoinski, & Hopkins, 200®)e production of facial expressions in
orangutans Fongosp.), for example, is more intense and more complex during play when a
recipientds att ent i(WalleriCaeirod& DadlaRoss, d015xamd\gibbonds t h e
(Hylobatessp.) also tend to show facial expressions more often and over a longer duration when
facing other individualéScheider, Waller, Oina, Burrows, & Liebal, 2018Jthough these results

are insufficientto supporhte i dea t hat pri mates have a deepe
these clearly indicate that the production of facial expressions is not necessarily an automated

response and subject to audience effects.

There are also studies investigating anotimepartant aspect of audience effect, the
reputational concern, in chimpanze®saif troglodytes Nettle and colleagug2013) placed an
i mage of a chimpanzee face above a dtowme pl at f
preferred food. Chimpanzees did not show a robust and condisteatiaral change compared

to a control condition in which a scrambled image was presented. Engelmann and colleagues
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(2016) however, found that the performance of chimpanzees (in a resource acquisition task) is
affected by a spectator, but only if the conspecific observer is a potential competitor (i.e.
chimpanzees worked to acquire more resources in theattiop condition, but not in the mere
presence of a passive observer). Apeoformer also helps macaquéStamm, 1961)and
capuchingDindo & De Waal, 2007yvhen food serves as a reward for a cognitive task rather than
being simply made available for consumption. But the mere presence of a passive spectator
produces the very same change: monkeys tduehnages on the screen to obtain a food treat
twice more often wrcdedron®dawddinar dd d na(Reyrmit; arnder
Guedj, HadjBouziane, Meunier, & Monfardin015) These mixed results further support the
contextdependent nature of audience effect in primates, andssmrespond to the notion that,

due to the competitive feature of nonhuman primate social life, competition with conspecifics
could be espeaally effective in facilitating flexible cognitive skilléHare & Tomasello, 2004)

including skills that promote audience effect.

Increasing evidence indicate that domestic d@mnis familiaris)fat t end t o a hu
attentional state, and thus fulfil the core requirements for audience éféententioned above,
they are sensitive to changes in their partne
information provided by a human paetn It has been reported, for example, that dogs can take
into account the visual access of their human partner in a fetching task (visual perspective taking
I Kaminski et al., 2009) and are less likely to engage in forbidden behhavien the human is
looking at them (Schwab and Huber, 2006; Kaminski et al., 2013). Dogs can distinguish between
attentive and inattentive human partners and not only recognize human facial expressions (e.g.
Siniscalchi et al., 2018) but they also use facial changes in resfoakanging attention of their
human audience (Kaminski et. al., 2017). There is also some evidence that they tend to use their
owners6 affective c uartowards nayel obpas (Memk etral., 2002n b e h
2014; Turcsan et al., 2015)mr obl em sol ving tasks. Evi dence ¢
directed behaviar (i.e. gazing at the human, approaching a human) is affected not only by social
familiarity (Horn et al., 2013) but by the social aspects of thehdogan relationship and ¢h
owner 6s interaction styles towards his/ her do
specific relationship that a dog has with its human audience influences its attention towards that
personBut these empirical findingleaveopen he qustionof whetherdogs wouldshow human
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like sensitivity to the visual attention partners guch as reputation management, desire to meet

the expectations ahange imperformancainder observation)
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4. GENERAL AIMS AND QUESTIONS

The present PhD thesis aims to combine different approaches of comparative social
cognition inorder to get a better insight insmme abilities that comprisscial competencef
humans awell adogsi a promising animal model for human social behavidhe experimental
studies presented in this Thesevolve around three main attributes of socially competent
behaviour of dogs and human§) susceptibility to social influence (priming), (ii) social

categorization skills and (iii) sensitivity to audoeneffect

Thesis 1Social priming

Both canine and human developmental studiesuzin et al., 2015; Topal, Gergely
Mi k1 - si , EsimaR20@gTypal et alg 20drgued that the ostensigemmunicative
signals (e.g., eyeontact) play a key role in modulation of attention in social learning situations.
Specifically, it has been shown thagtensivereferential demonstrations of knowledge enable
humans to focus tlireattention primarily on the stable, generic features of the target object (e.g.
colour, shapé see e.g. Futo et al., 2010). Dobg,contrasttend tainterpret ostensiveeferential
demonstrations of knowledge as an episodic imperative order (Top&| 2009) andshow a
significant bias in such situations towards transient object properties (locaignTauzin et al.,
2015)

Importantly, howevet, he under |l ying mechanism for gene:
following communicative demonstians in humans is not yet fully understodthereforein
Study 1 we investigated whether such a pedagogical stance can be evoked and sustained over an
extended period of time by pretreatment with positive social stimulation that are separated in time
from stimulus presentation and thus act as prieseove social priming effects in dogs has not
yet been experimentally explorekh a second study (Study 2), therefore, we investigated the
priming effects of both positive and negative social interactidch@way dogs behave in a helping

situation involvingan outof-reach object.

Study 1:The effects of social primingn the human attentional processes

52



AIM: To explorethe designating function of directional gestures in humahsre precisely we
aim to investigate the modulatory effects of offlsacial cues on the allocation of attention in a

change detection task.

MAIN QUESTION: Whether intensive social stimulation induces the forming of referential
expectations by exerting an effect on information processing that is similar to priming effects.

Study 2: The effects ofpositive and negative social stimulatoond ogs 6 behavi our

instrumental helping situation

AIM: To investigate whether pretreatment with positive and negative social stimulation would

affect subsequent behaviour of dogs in an instrumental helping situation

MAIN QUESTION: How does perceived affective quality of a social interaction with an

unfamiliar experimenter affects subsequent behaviour of dogs instrumental helpingjtuatior?

Thesis 2Social categorization

Social preference for ingroup members is one of the central aspects of human behaviour.
Research evidence indicates tbategorybased social preferences emerge early in development
(e.g. Buttelmann, Zmyj, Daum & Carpenter, 2Q18hough there are somalgent category
distinctions that are based on innate/biological features (such as age, race-afiglsex2000),
the functional significance of social categorization is to understand the details ehdnetual
and intergroup relations (Sperber &lirschfeld, 2004). This presents a paradox for social
categorization: while categorization in general is most effective if it can capture something stable
about the given kind, one of the most important features of the social environment is that social

groupings may change dynamically and thus the relevance of distinction may also change rapidly.

It is still unclear, however, whether such flexibility is indeed an inherent feature of the
social categorization processes in children. One further questiorethains to be answered is
how the social impairments seen in autisfifeet social categorization. In general, research
suggests that autism results in reduced abilities to extract abstract categorization rules from

environmental stimuli, whilecategorization based on simple features may be insaet €.g.
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Klinger & Dawson, 2001 In line with these, we investigated preschagedchil dr endés ( bo

autistic and neurotypicalarticipant$ ability to spontaneously form social catego(igtuidy 3).

Moreover, the study of canine behawiofrom a comparative perspectiwéfers intriguing
possibilities to study thewonhuman analogues of social categorization in general, and the
phenomenon ahgroup favarritism in more particular. Thus in an additidrsaudy (Study 4) we
investigated whether dogsafter having familiarized with two unfamiliar humans displaying
different degrees of similarity to their ownevsyuld showatendency to interact differently with
these prospective partnénsan unsolvable problem (inaccessible toy) situatitore specifically,
we tested the effects of an arbitrary group marker conveying transient similarity to their owners

(clothing) and the effects of persistent behakabcharacteristics (language amdtion pattern).

Study 3:Social categorization based on permanent vs transient visual traits in neurotypical

children and children with autism spectrum disorder

AIM: To investigate the importance of different category mark@ensient vs. permanent
features) during social categorization processiEem a developmental perspectivand to

understand how social categorisation is affected in ASD

MAIN QUESTIONS: Whether typically developing children are sensitive to the factsthagl
categories are first and foremost social constructs that are characterized with flexible category
boundariesWhether children with autism have different category learning performance or use
different criteria when forming categoriemmpared to (mentgl age matched neurotypical

controls.

Study 4:Social categorization in dogs: the effects afslarity between an unfamiliar human

and the ownewond o gtendency to interact witlhuman partnes.

AIM: To i nvesti gat abiltg oroerssbdalccatahmegbased on the degree of

similarity between their owners and unfamiliar people.

MAIN QUESTION: How does similarity between an unfamiliar human and the owner affects
d o gvsualpreference for human partn@s potential heler)when responding to an unsolvable

problem

54



Thesis 3Audience effect

Being watched by others has a strong effect on both human artun@an behaviour
childrenfor exampletend to perform better with easy tasks, if an audience is present. Furthermore,
the audience effect has been shown to play an important role in the differential diagnosis of autism,
as children diagnosed with autism react differently to the observaaontypically developing
children (Chevallier, ParistMorris, Tonge, Le, Miller, & Schultz, 2014; lzuma et al., 2011)
Increasing evidence indicate that domestic d@gs(s familiarig att end t o a human

state, and thus fulfil one of the core requirements for audience effect.

Two studies were conducted to explore adultdogg® sensi ti vit yli.eto aud
whether dogs, like human childreshow a tendency to change their behaviour according to the
visual attention of humaisin the first experimentStudy 5 dogs participated in two types of
observational conditions ithe presence o& familiar andanunfamiliar humarpartner(Attentive
Owner & Attentive Experimenter) and a control condition in which both human participants turned
their back and engaged in distracting activity (No Audience condition). The human partners
disallowed the dog from eagra piece of foodThis paradigm offers a possibilifgr uncovering
thecontexd e pendent nature of audi ence dfdehteisual i n dc
monitoring strategies in the presence of their daezgand an unfamiliar observerh & second
study (Study 6) weaimedt o i nvestigate the | mpact of t he
willingness to perform a repetitive, fairly monotonous objeetrieval task While being
commanded to do so by an unfamiliar human). Behavioural observations were complemented by
additional tait-like parameters such as the owdegattachment stylendthed o gs 6 br ai n ac
during sleepAnalysing the relationship between dégs s| eep EEG spectrum a
behaviour is a novel approach to investigate the rewwog ni t i ve | i nk bet ween

traits and their susceptibility to audience effect.
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of the demonstration, but choose to omit certain elements
when re-enacting the action based on different criteria. Second,
selection between stimuli may already happen at encoding: since
in natural settings, almost any observed situation contains a
number of irrelevant (therefore, distracting) elements, learners
may perform better if they selectively attend only to the relevant
ones from the beginning. The challenge lies in deciding which
elements can be considered relevant and which cannot.

According to recent theories, the evolution of the human
brain has been greatly determined by our capacity to follow the
communicative signals of knowledgeable individuals in making
this decision (Csibra and Gergely, 2006, 2011). The Natural
Pedagogy theory (Csibra and Gergely, 2006, 2009) proposes that
humans are born with a specialized mechanism that makes them
sensitive to cues that imply the teaching intentions of others
and that prepare them for knowledge acquisition in a social
context. These cues include ostensive signals (e.g., eye-contact)
that indicate that the other person is about to present relevant
information, and referential signals that specify the target object.

It has been demonstrated in a number of studies that even
infants are sensitive to such pedagogical cues. For example, Senju
and Csibra (2008) have shown that infants take the gaze of
a protagonist as a referential action and follow its direction,
but only if the action was preceded by ostensive signals. This
sensitivity has also been shown to exist at the neural level (Parise
and Csibra, 2013). Moreover, the pedagogical context plays an
important role in learning situations. Children copy actions more
faithfully when the demonstration is placed in a communicative
setting than when the demonstration is not accompanied by such
cues (e.g., Southgate et al., 2009; Kiraly et al., 2013).

An important prediction of the Natural Pedagogy theory
is that the communicative presentation modulates the type of
information extracted from a situation. Specifically, while in a
non-communicative demonstration people will be more likely
to encode episodic information (that is bound to the given
situation), in the presence of communicative cues, people will
search for information that can be generalized to other contexts
as well (genericity bias). This ability of humans to switch to a
mode of information processing where they focus on the stable
aspects of the environment and make generalizations to kinds
is one of the features of the human mind that separate us
from other species (Csibra and Gergely, 2011). This allows us
to be freed from the bounds of the “here-and-now” and thus
lays the ground for a number of higher-order functions, such
as symbolic thinking. This prediction has been investigated in
a few studies with children. For example, Topal et al. (2008)
used the well-known A-not-B error to demonstrate the effects
of communication in guiding action interpretation. In this task,
children watch an experimenter repeatedly hide a toy in one of
two locations. In a subsequent trial, the experimenter changes
hiding location but children below the age of 12 months of age
generally continue to (mistakenly) search in the original hiding
place. Topal etal. (2008) have shown that by eliminating ostensive
signals from the demonstration, children’s error rates can be
significantly diminished. They suggest that this is due to the
fact that with the original procedure (in which the experimenter
does not withhold communicative cues, such as looking in the

child’s eye, addressing them, etc.), children interpret the ostensive
demonstration as referring to information that can be generalized
to other contexts (e.g., “the toy belongs in location A”) and this
makes them respond the same way in the critical trial as they have
in the previous trials. Removing communicative cues from the
demonstration eliminates this bias.

Other studies have explored the prediction that follows from
the genericity bias, namely that infants and children expect
communicatively presented knowledge of an artifact to refer
to a kind of object, rather than just the one involved in the
presentation. Futé etal. (2010) have shown that communicatively
presenting the functions of artifacts led 10-month-old infants
to represent the objects in terms of their kind, and that such
a category representation even had the power to override
the significance of simple visual features. In a study with
older children (aged 3 and 4), Butler and Markman (2012)
demonstrated a similar effect by showing that children expected
object properties to extend to other members of the category
following a communicative demonstration of object functions as
opposed to following an incidental demonstration.

These results suggest that a communicative demonstration
highlights the properties of the object that are relevant
for representing object kinds. This may enable observers
to focus their attention on and selectively encode kind-
relevant information at the expense of ignoring transient object
properties. To investigate the effects of communication on
selective attention, researchers have used paradigms where
participants have to recall two different types of information
about objects: their identity and their location (e.g, Yoon
et al, 2008). Location is a transient property of an object
that may change over time, whereas its identity tends to stay
the same. It has been shown that 9-month-old infants retain
information about an object’s identity following a communicative
demonstration, whereas they are more likely to notice a change
in its location after a non-communicative demonstration (Yoon
et al., 2008). The bias described above has been investigated
in adults as well (Marno et al,, 2014). In a change detection
paradigm, adults were more likely to notice changes in an object’s
location if there were no communicative cues presented whereas
they were better at detecting changes in the object’s identity when
ostensive-referential cues accompanied the initial presentation of
the objects.

Although ample evidence supports the existence of such a
genericity bias following communicative demonstrations, the
underlying mechanism is not yet fully understood. Marno et al.
(2014) suggest that the observed attention modulation effect can
possibly be made up of two partly distinct processes. First — at
the higher level -, communicative cues may directly alter the
interpretation of the observed scenario, which leads to selectively
encoding information that is relevant within the framework of
the specific interpretation. Second, communicative cues may also
exert their effects at a lower level by modulating the functioning
of certain neural pathways and thus attuning the nervous system
to a specific mode of information processing.

To explore whether and how the latter process may play a part,
in this study we investigate whether pedagogical stance can be
elicited and sustained over a longer period of time by engaging
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participants in social interactions that are separated in time from
stimulus presentation and thus act as primes. This separation
ensures that we only observe the effects of the (potential) low-
level processes behind the genericity bias since in such a case,
higher level, interpretative processes cannot be engaged because
the task and the social cues do not become integrated within one
context. Priming effects have been repeatedly demonstrated in
the social psychology literature (for a review see Bargh, 2006).
Although most of these studies link a specific prime with a highly
correlated concept or behavior (e.g., the concept of “rudeness”
as prime and subsequently interrupting the interaction partner
more frequently, Bargh et al., 1996), in certain cases more general
concepts may effectively prime behavior. For example, Over
and Carpenter (2009) presented 18-month-old children with
photographs of human-shaped figures that evoked a feeling either
of affiliation or individuality. In a subsequent task, children who
had seen pictures of affiliation helped another person more often
than children who had participated in the individuality condition.

The aim of this study, therefore, is to explore whether intensive
social stimulation (including an important communicative cue:
sustained eye-contact) can exert an effect on information
processing that is similar to priming effects. If such effects
exist, that would suggest that the observed modulation effects
of pedagogical cues not only operate at a higher level of
information processing but are at least in part due to low level
changes. More precisely, certain cues may trigger changes in
the neurohormonal system that prepare the nervous system for
a mode of information processing that has adaptive value in
social exchanges. One potential candidate that may have a role
in regulating social information processing is the neurohormone
oxytocin. Oxytocin has been linked to the unique sociality and
socio-cognitive skills of humans (Lee et al., 2009). In particular, it
has been shown to promote social interactions by reducing social
anxiety (Kirsch et al,, 2005) and directing attention to socially
relevant stimuli (e.g., Guastella et al., 2008). Changes in the level
of oxytocin (or other neurohormones) thus may contribute to the
observed information processing biases by preparing the nervous
system to attend to socially relevant information.

To test this hypothesis, we adapted the change detection
task of Marno et al. (2014) to explore whether the human
cognitive system can be primed to the specific mode of
information processing. Adult male participants, after having
received socially stimulating or ignoring pre-treatment, watched
pairs of pictures depicting an array of five unfamiliar objects.
On the second picture, either the location or the identity of one
object was changed and the participants task was to indicate
where the change had occurred. We followed the methods
of Kis et al. (2013) for the pre-treatment phase (alternating
eye-contact and tactile stimulation), as they have shown that
this kind of social stimulation is effective in modulating
social information processing (perception of facial expression)
and the effects parallel those of intranasally administered
oxytocin, our strongest candidate to mediate the effects. We
hypothesized that intensive social stimulation (eye gaze and
physical contact) can act as a prime to the pedagogical
predisposition through evoking changes in the neurohormonal
system and thus such social interactions may have a carryover

effect on a subsequent change detection task. In other words,
the altered mode of information processing that is observed
in a communicative context (paying more attention to the
intrinsic features of an object) may also be triggered by social
interactions that precede the demonstration of information (and
which may not be specifically pedagogical in themselves) by
effectively tuning the mind to a specific mode of information
processing.

MATERIALS AND METHODS

Ethical approval was obtained from the National Psychological
Research Ethics Committee (Ref. No. 2011/13). Participants
signed informed consent prior to participation. The consent form
described the procedure of the experiment, and stated that the
purpose of the experiment was to investigate the effect of different
types of social stimulation on memory processes.

Participants

Forty-one adult males between the ages of 18 and 35 (mean:
23.05 years, SD: 2.38 years) participated in the study. Participants
were recruited through advertisements in local universities and
on various online pages. Participants were randomly assigned to
one of the following two conditions: Socially Stimulating (n = 21)
or Socially Ignoring pre-treatment (n = 20).

Stimuli

The Stimulus set consisted of 72 pairs of photographs that always
depicted an array of five objects, assembled from differently
colored Lego bricks (Figure 1). The presented objects were
selected from a set of eight objects and were placed on a table
covered with a yellow-green table cloth. In the first picture of
each pair, the objects were arranged ina 3 (rows) X 5 (columns)
matrix with each column containing an object in one of the
three possible rows. The second picture of each pair depicted
the same arrangement as the first one with one change either
in the location or the identity of one of the objects. Location
change entailed one object moving forward or backward, while
in the case of a change in identity, the object was replaced by
one that had not been present in the initial picture. We further
created three conditions from the total of 72 pairs. 24 pairs were
presented neutrally with nothing else present but the table, the
objects and a chair behind the table (Non-referential condition).
The other 48 pairs of pictures included a protagonist sitting
behind a table and pointing at one of the objects. The pointing
gesture could either correctly signal the object that was about to
change (Referential - Reliable condition - 24 pairs) or could be
misleading (Referential — Non-reliable condition — 24 pairs). The
referential cue only appeared on the first photograph of each pair;
while on the second picture, the protagonist sat looking down
without performing any gestures. In each condition, half of the
trials included a change in location while the other half included
achange in identity (Table 1). The following were balanced across
conditions and participants: the number of changes that occurred
with each object; the number of changes that occurred in each
column; the number of times a particular place was referred;
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FIGURE 1 | Example of the objects used as stimuli. Example of the eight
objects used as stimuli. Each lay-out included five of the stimulus objects.

the number of misleading and correct signals occurring at a
particular place.

Stimuli were presented using PsychoPy software on a 12.1”
laptop screen with a resolution of 1366 x 768.

Procedure

Pre-treatment

The first phase of the experiment consisted of the pre-treatment
that varied as a function of the condition the participant
was assigned to (Socially Stimulating/Socially Ignoring). The
procedure of the pre-treatment followed that used in the study
of Kis et al. (2013) and lasted 6 min. The participant and the
experimenter (who was not the person appearing in the photos
used as stimuli — see below) were seated next to a table (both
on the same side of it), ca. 60 cm from each other. In the
Socially Stimulating condition, they were facing each other, while
in the Socially Ignoring condition the experimenter turned her
back to the participant. The pre-treatment consisted of two
alternating 30-second-long phases. In the Socially Stimulating
pre-treatment condition, during the first phase, participants were
instructed to keep eye-contact with a female experimenter for
30 s. In the second phase, the experimenter pretended to take
the participants’ pulse manually, by touching their wrists. The
Socially Ignoring pre-treatment followed the same structure;
however, in the first phase participants were instructed to fixate
on the back of the experimenter’s head rather than looking into

her eyes. In the second phase, the participant was told that
his pulse would be measured with the help of a pulsometer.
Participants could receive feedback about the results of the pulse-
taking during the briefing that followed the experiment if they
requested it (in both conditions).

Change Detection Task

The change detection task immediately followed the pre-
treatment phase. Participants were seated ca. 40 cm from a laptop
screen and after a short explanation from the experimenter, the
stimulus presentation began. Participants were presented with
72 pairs of photographs (see Table 1) in a random order. The
first picture stayed on the screen for 5 s; this was followed by
a 3-second-long intermission before the test picture appeared.
The test picture remained on screen until participants made an
answer by pressing a key (Figure 2). Before the presentation
began, participants were told that they would be viewing pairs of
pictures depicting an array of objects and that their task would
be to memorize the initial arrangement of the objects. They
were also told that the second picture would contain one change
compared to the first one: an object would either move forward
or backward on the table or it would be changed to an object that
had not been present on the previous picture. Participants were
asked to indicate in which column the change had occurred after
viewing the second picture. This could be done by pressing the
number keys 1 through 5. Importantly, they were not required to
specify the type of change (i.e., location or identity). They were
also instructed to ignore the presence of the protagonist and only
focus on the task described above.

Data Analysis
First, as explorative analysis, we investigated if any characteristics
of the trial affected whether the participants’ response was correct
or not using Generalized Linear Mixed Model (GLMM) with
Binary Logistic Regression. The dependent variable was the
correctness of the response (yes/no), the fixed effects were (1)
the objects identity (which one of the eight possible objects
changed, 1-8); (2) column changed (in which column has the
change occurred?, 1-5); (3) position changed (in which position
the object was when the change occurred, front-middle-back); (4)
version of change (the object moved forward, moved backward
or the identity has changed); (5) trial order (the rank order of
the trials, 1-72), and we included the participants’ ID as random
factor (as we had 72 data from each participant).

Another Binary GLMM was used to analyze the effects of
condition (Socially Stimulating/Socially Ignoring pre-treatment),
change type (identity/location), trial type (Non-referential/

TABLE 1 | Number of trials in the different conditions.

Non-referential ial
Non-reliable

reliable
(pointing)  (deceptive pointing)
Location Change 12 trials 12 trials 12 trials
Identity Change 12 trials 12 trials 12 trials
Total 24 trials 24 trials 24 trials
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Reference picture (5s)

Non-referential trial

Referential-Reliable trial

Referential-Unreliable trial

FIGURE 2 | Experimental design. Participants saw pairs of pictures depicting an array of novel objects assembled from Lego bricks. The demonstration picture
stayed on the screen for 5 s which was followed by a blank screen. The test picture included a change in the location or the identity of one of the objects. The figure
shows the different trial types (Non-referential, Referential-Reliable, and Referential-Unreliable).

Blank screen (3s)

Test (no time limit)

Referential-Reliable/Referential-Non-reliable) and their
interactions on the response success. Moreover, we also
analyzed the participants’ latency to respond in each trial
(72 data from each participant), using GEE (Generalized
Estimating Equations). In this model the fixed -effects
included condition (Socially Stimulating/Socially Ignoring
pre-treatment), change type (identity/location), trial type
(Non-referential/Referential-Reliable/Referential-Non-reliable),
response success (correct/incorrect), and their interactions.
In all three models we used backward selection to remove
non-significant (p > 0.05) factors from the saturated model. All
statistics were performed using IBM SPSS Statistics 22.

RESULTS

Contextual Factors that Affect Change
Detection

The object’s identity had an effect on participants’ performance
[F(7,2937) = 4.062, p < 0.001], showing that change detection
was not equally easy for all objects. The column where the
change occurred had a significant effect on the response success
as well [F(4,2937) = 3.352, p = 0.01], participants were more
successful when the change occurred in the leftmost column
compared to the one next to it (p = 0.034), the middle column
(p < 0.002) and the one next to the rightmost column (p = 0.002).
The starting position within the column (front-middle-back)
also affected the participants’ success [F(2,2937) = 12.03,
p < 0.001], they detected the change more likely when it occurred
in the front position compared to the middle (p < 0.001)
and back (p = 0.002) positions. Finally, we have found a

significant effect of trial order [F(1,2937) = 36.624, p < 0.001],
participants became more successful as they progressed through
the experiment.

The Effects of Pre-treatment and Change

Type on Accuracy
Unlike condition (Socially Stimulating vs. Socially Ignoring
pre-treatment, F(1,2946) = 0.133; p = 0.715), change type
(identity or location) had a significant main effect on participants’
performance [F(1,2946) =254.579; p < 0.001] with more correct
responses in the case of location change (mean proportion (M):
0.852; SD: 0.107) than identity change (M: 0.652; SD: 0.175).
Importantly, however, the interaction between condition and
change type was also robustly significant [F(1,2946) = 31.906;
p < 0.001] showing that while in both the Socially Stimulating
and the Socially Ignoring pre-treatment groups, location change
detection was easier than identity change detection, this
difference was smaller in the Socially Stimulating pre-treatment
group (Figure 3). Using pairwise analyses (Least Significant
Difference method, GLMM post-hoc pairwise contrasts) we have
found that the participants in the Socially Stimulating condition
made more correct answers in the case of identity change than
participants in the Socially Ignoring condition [#(2946) = 2.114;
p = 0.035], while the opposite was true for location change
[t(2946) = 2.409; p = 0.016] with less correct answers in the
Socially Stimulating than in the Socially Ignoring condition.
Trial type also had a significant main effect on performance
[F(2,2946) = 16.707; p < 0.001]. Pairwise analyses revealed
that the proportion of correct responses was higher in the
Referential-Reliable trials compared to both the Non-referential
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trials [t(2946) = 4.044; p < 0.001] and the Referential-Non-
reliable trials [t(2946) = 5.336; p < 0.001]. We found no
difference between the Non-referential and the Referential-Non-
reliable trials [t(2946) = 1.487; p = 0.137] (Figure 4).

Response Latency
Analyzing the effects of condition, change type, trial type and
response success on participants response latencies, there was

10 B Location change

0.9 ™ Identity change

0.8

0.7 -

0.6

0.5

0.4

0.3

0.2

0.1

0.0 +— — =

Socially Stimulating

Proportion of correct responses

Socially Ignoring

FIGURE 3 | Detection of location and identity change following a
Socially Stimulating or a Socially Ignoring pre-treatment. The graph
depicts the mean proportion of correct answers in the two pre-treatment
groups. The results show an interaction between the two factors (type of
change and pre-treatment). Participants were befter at detecting the change if
it occurred in the object’s location; however, the difference between correct
choices for the two types of change was smaller following a Socially
Stimulating pre-treatment. Emor bars represent the upper bound of the 95%
confidence interval.

no effect of trial type (¥2(1) = 2.356; p = 0.308 at removal),
however we found a significant three-way interaction between
condition, change type and response success (x2(1) = 9.549;
p = 0.002). To further explore and interpret this interaction,
we investigated the two types of response (correct/incorrect)
separately. These models included only condition, change type
and their interaction. In the case of correct responses we found
only a main effect of change type (x2(1) = 31.933; p < 0.001)
showing that participants’ responses were faster in detecting
a change in location than a change in identity (Figure 5A).
In the case of incorrect responses the interaction between
condition and change type was significant (x2(1) = 6.146;
p = 0.013). Pairwise analyses contrasting the conditions revealed
no significant difference in the response latency between the
change types in the Socially Ignoring condition (p = 0.374),
while in the Socially Stimulating condition participants answered
faster on location change trials than on identity change trials
(p = 0.012). Pairwise analyses contrasting the change types
revealed no significant difference in the response latency between
the conditions in the case of location change (p = 0.383), while
on identity change trials, participants answered faster in the
Socially Ignoring condition than in the Socially Stimulating
condition (p = 0.048). In sum, latencies increased in the Socially
Stimulating condition when participants had to make a decision
about identity change (and ended up making a wrong choice)
(Figure 5B).

DISCUSSION

In this study, we aimed to test the modulatory effects of off-
line social cues on the allocation of attention in a change
detection task. We adapted the methods of Marno et al. (2014)
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FIGURE 4 | Detection of location and identity change in the different conditions. The graph shows the mean proportion of correct responses by
experimental group (Socially Ignoring and Socially Stimulating) and condition (Non-referential /Non-Ref/; Referential-Non-reliable /Ref-Non-rel/; Referential-Reliable
/Ref-Rel/). Next to the interaction between pre-treatment and type of change, the graph shows that participants were better at detecting changes following a reliable
pointing gesture independently of pre-treatment group and change type. Error bars represent the upper bound of the 95% confidence interval.
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smaller after participating in a socially intense pre-treatment

- 12 phase. Although trial order, object identity and position had

= Location significant effects on performance, the main results should

10 = Identity not reflect such effects as these factors were balanced across
conditions.

* * These results are in great part consistent with the results of
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Avarage response latency (sec)
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FIGURE 5 | (A) Average response latency on correct trials. The graph shows
the average response latencies on trials where participants correctly detected
the change. Participants responded faster on trials where location change
occurred compared to trials with identity change, independently of
experimental group. Error bars represent the upper bound of the 95%
confidence interval. (B) Average response latency on incomect trials. The
graph shows the average response latencies on trials where participants gave
incorrect responses. Participants responded faster (made the incorrect choice
faster) on location than on identity change trials only in the Socially Stimulating
condition. Error bars represent the upper bound of the 95% confidence
interval. Asterisk indicates a significant difference.

to examine whether adults are better at detecting changes in
an objects identity or in its location following a phase of
socially stimulating or socially ignoring pre-sensitization. We
have found that off-line social cues had a similar, though
less pronounced, effect on the encoding of different object
properties as on-line ostensive-communicative cues in the Marno
et al. (2014) study. First, the results show that participants
were significantly better at correctly identifying the change
if it happened in the location of the object rather than
in its identity. A similar tendency was found analyzing the
response latencies of participants. However, this main effect
was significantly modulated by the type of pre-treatment. The
difference between the proportions of correct responses was

Marno et al. (2014) who have found that location change
detection was easier in a non-communicative context
and that this pattern was reversed in the communicative
context. In our study, social pre-treatment did not result
in a better performance in the trials that involved identity
change; however, it did reduce the difference between
the two types of trials. Marno et al. (2014) have argued
that ostensive-referential signals do not simply modulate
the amount of attention allocated to different objects but
qualitatively change information processing about them.
In the former case, we would expect to see a general
enhancement in performance. However, the results show
that while in the case of identity change, improvement could
be observed, the modulation effect constituted deterioration
on location change trials. Since communicative cues tune the
human mind to process generic information, inhibiting the
encoding of transient properties can be regarded as adaptive
functioning.

Note, that in the study of Marno et al. (2014) this inhibition
was only present when the change occurred with the cued
object in the communicative condition; however, we found no
interaction effect between trial type and any other factor. Thus,
while an ostensive-referential context selectively highlighted
the durable properties of the socially referred object only, an
extensive pre-treatment with social cues generally enhanced
the tendency to focus on the generic properties of all of the
objects present. Together with this result, we also found that
detecting any kind of change was easier if the protagonist
correctly signaled the object that was about to change compared
to the cases where the pointing gesture was misleading or
absent. This suggests that the inability to inhibit attention to
directional cues was not dependent on the type of previous pre-
treatment. We propose that these results can be explained by
the fact that the referential gesture was never directly preceded
by any ostensive signals. This finding is consistent with that
reported by Marno et al. (2014) with the same paradigm: they
failed to show attention shifting effect (from transient to generic
properties) of pointing in the absence of ostensive signals. Thus,
in our study, pointing may have worked simply as a general
attention directing cue (hence the improvement on Referential-
Reliable trials) and not as part of a communicative act (which
would have led to selectively enhancing performance on identity
trials on the referred object). This also sheds some light on
the differential effects of ostensive-referential signals and the
social pre-treatment applied in our study. While our results
suggest that intensive social stimulation in itself prepares the
nervous system for a certain mode of information processing,
a pedagogical situation will provide a more sophisticated frame
for interpretation as the ostensive and referential cues are
perceived in an integrated way to point out the information to
acquire.
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Analyzing the response latencies of participants we found
mostly consistent results with the ones for accuracy. When
participants answered correctly, they were overall faster to
detect the change in location. On the other hand, they had
more nuanced tendencies when making errors, showing that
participants were slower on identity-change trials only following
a socially stimulating pre-treatment phase (making an incorrect
choice slower for identity trials). Since participants did not
have to indicate whether they witnessed a change in location
or identity (they simply had to indicate the column where
change had occurred), we cannot be sure of the origin of
this slowing down effect. When making a wrong choice on
identity-change trials, any of the following three options may
underlie participants’ behavior: 1, they mistakenly think that
a location change had occurred in another location; 2, they
mistakenly think that a different object’s identity had changed;
3, they simply make a random guess. Despite this ambiguity in
interpreting the data, elongated processing of the stimulus on
identity change trials following a socially intense pre-treatment,
possibly reflects that participants felt they were closer to the
solution in these cases and that is why they spent more time on
the stimulus. This would be in line with the general tendency
to be more focused on feature information following social
stimulation.

The most important question regarding the results is whether
the similarity between the present findings and those of
Marno et al. (2014) reflect - at least to some degree -
the same processes. Marno et al. (2014) suggest that there
may be two processes that contribute to the biases (toward
predominantly processing information about object identity
or location) observed in similar studies (e.g., Yoon et al,
2008). On the higher level, communicative signals may alter
the interpretation of the subsequently presented information,
prompting the recipient to encode information about object
kinds rather than a particular piece. On the lower level,
communicative cues may selectively affect the working of certain
neural pathways before interpretation happens. Although the
exact neural processes underlying the genericity bias (encoding
generalizable information about objects following social cues)
have not been identified yet, our results support the claim that
pre-interpretative levels of information processing play a part
in the phenomenon. Since cues separated from the immediate
context are unlikely to affect higher level interpretation, we
propose that our results can be accounted for by certain changes
in the nervous system that precede higher-level processing. As
discussed earlier, ostensive and referential signal create a context
where they are integrated into a pedagogical episode and the
information pointed out in this context will be interpreted as
generic. However, this context is not established in the absence
of ostensive signals; which means that a different mechanism
is responsible for our results. Without any direct measures of
the neural correlates of participants’ behavior, we cannot give a
description of the mechanism playing a part here. Nonetheless,
the results suggest that intensive social stimulation promotes
certain — possibly neurohormonal - changes that evoke a bias
in information processing that is similar to that observed in
a pedagogical situation. Even though the stimulation applied

in our study cannot be regarded as strictly “pedagogical”, the
neurohormonal changes are likely very similar in the two
cases. Previous studies have shown that cues that are often
involved in social learning situations facilitate the release of
oxytocin in the human body (Feldman et al., 2010), thus
this neurohormone was our best candidate to play a part
in the low-level process behind the genericity bias. For this
reason, the pre-treatment phase followed a procedure that
is appropriate to facilitate the release of oxytocin. Although
we cannot be sure whether it was the increased level of
oxytocin that made people shift their attention toward stable
object properties, our results point to the conclusion that the
genericity bias is built up of a low and a high level process.
This is evidenced by the difference between the conditions
in a case where the social stimulation could not create a
“pedagogical episode” which would have provided the framework
for interpretation.

As Marno et al. (2014) suggest, another possible low-level
change responsible for such effects is that communication
(and possibly other social cues) facilitates the ventral visual
stream (and/or inhibits the dorsal stream) which is responsible
for processing intrinsic information necessary to identify an
object (Mishkin and Ungerleider, 1982). Studies have shown
that information processing in the two streams may be
selectively facilitated or inhibited within the situation by
the characteristics of the stimuli that people are faced with
(Mareschal and Johnson, 2003) and that the functioning of
the two pathways may also be selectively impaired in different
clinical conditions, such as schizophrenia (Butler and Javitt,
2005).

Importantly, we cannot give a definite answer to the question
whether effects observed in our study and that of Marno
et al. (2014) reflect the same mechanism or to what extent
they overlap. We propose that communicative cues trigger
similar neurohormonal changes (given that they are social
cues), however, a higher-level, interpretative mechanism ensures
that ostensive and referential cues make the recipient of the
communication correctly identify the relevant information. This
effect is exhibited in the subtle differences of cueing effects in the
two studies.

In summary, our study has shown that off-line social
cues invite a similar bias in information processing as on-
line communicative signals do and the social context in
which information is presented can effectively modify how
people process a scenario. Namely, intensive social stimulation
influences the allocation of attention between transient and stable
object properties to facilitate the encoding of stable, generalizable
properties.
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Abstract
There is ample evidence to suggest that dogs have highly developed,-dependient social skills. Recent
literature also indicates a humlbike susceptibility to social influence in dogs. However, it is still unclear

how the affective social context affts the way dogs behave in a helping situation involving afeut

mu |

reach object. The experimental manipulation served to prime the dogs with positive and negative affect in

the form of social interactions. Dogs (N=20) participated in both a negativepasitige social interaction
with a male experimenteHaving received pretreatment with different social stimuli, subjects were

observed in an instrumental helping tasth a female experimenter requestan outof-reach object. The

analysisofthnedogs t endency to engage in the task reveal

influence whether they retrieved the cued object or not, the positive social interaction has a facilitatory
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effect on other, more subtle aspects of their behaviongéloduration of looking time at the experimenter;
shorter latency of moving upon release and approaching the experimenter). The priming effects of negative
social interaction manifested in longer duration of looking time at the owner after releaseawini¢ergore

at the target object during the first trial. These behaviours, together with the finding that dogs were more
hesitant to approach the experimenter after the negative social interaction may indicate general distress
and/or insecurity in the tesituation. These findings suggest that the valence attributed to the social
interaction during pretreatment has differential
with and differences from human behaviour are discussed.

1. Introduction

Dogs are unmatched amongst #Aaman animals regarding their intgvecies social skills. As opposed to

how their physical cognition ranks them in the virtual hierarchy (primates or corvids outperform dogs in
many aspect$ Van Horik et al., 2012), convgent evolution- thousands of years of domestication
enabled them to excel at reading of and responding to humancotiaiunicative signals. Humdike

forms of behaviour in dogs involve reacting to pointing gesture (e.g. Hare and Tomasello, 198€); éflikl

al., 2005; Miklosi and Topal, 2013), understanding gaze alternation as referential communicative act
(Miklési et al., 2000; Olah et al., 2017), processing of facial expressions (Racca et al., 2012), attributing
attentional st aowi [ @&l etaali, A0P3), Isazial ¢lay (BRawer akchSmuts, 2007),
sensitivity to inequity aversion (Range et al., 2008), ability to selectively imitate (Range et al., 2007),
recognizing emotions (Albuquerque et al., 2016), contagious yawningNlislgherai et al., 2008),
jealouslike behaviour (Harris and Prouvost, 2014; Cook et al., 2018) and so on.

This spectacular level of social sensitivity of dogs goes hand in hand with behavioural flexibility;
dogs demonstrate a high degree of contiextendence when interacting with humans. Studies show that
dogs may react differently to strangers and their owne( e . g . Gy Rri et al . 2010;
Scandurra et al., 2017), they use contextual information when following a pointing gesture (Scheider et al.,
2011), and are willing to behave socially even with a remote controlled car if it showslik@cishaviour
towards them (Gergely et al., 2013). Vas et al. (2005) found evidence for how the different behavioural
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cues of the same experimenter (friendly vs. thre
colleagues (2016) reported that the gendf the experimenter and different experience with male and
femal e humans affect dogsdé6 vocalization in a situ
manner. Moreover, Kiss et al. (2018) found evidence for a rudimentary sensitivity i@rcadegories in
dogs: in their study, the dogsd behaviour varied
and their owner (i.e. subjects paid preferential attention to people exhibiting motion-attetanguage
based similarity tohteir owner).

In line with these findings, it has also been shown that the affective content of the social context
(i.e. differently valenced interactions with humans) might impact physiological and behavioural reactions
in dogs. For example, positive humanimal interactions have a beneficial influence on blood pressure,
cortisol, dopamine and the oxytocinergic system (for a review see Pop et al. 2014). Moreover, Coppola et
al . (2006) found that e v e nstha potential tp ldmr ebahsuemasnh ecl ot netra
salivary cortisol levels, pointing to how interaction with a human might attenuate the stress response in
dogs. In addition, Lynch and McCarthy (1967) reported that being petted by an experimenter alleviated the
negative effects of edtric shocks, whereas Hennessy et al. (1998) found evidence that following a
venipuncture procedure, dogs showed behaviours indicating a relaxed state after being petted (vs. not
petted) by a human. Moreover, there is empirical evidence suggesting thiakpofiuences can occur
even in the absence of explicit interaction: the |
physiological responses in a stressful situation (Gacsi et al., 2013).

It has recently been shown that the perceivifdctive quality of social interaction with an
unfamiliar human affects subsequent sleep EEG patterns in dogs (Kis et al., 2017a). In this study, dogs of
various breeds underwent a specific manipulation that was intended to induce either a positigatorea ne
emotional state. Afterwards, the subjects participated ihauglong sleeping session while their sleep
and bodily functions were systematically monitored ¢mmasive polysomnography technique for dogs

Kis et al., 2014). The authors found tthlae positive vs. negative stimulation did indeed influence sleep
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macrostructure: affected variables included sleep onset latency and the relative duration of all sleep stages
(drowsiness, noiREM, REM).

To sum up, these empirical results provide evideiocehow affectladen social experiences
influence dogsd behaviour and its underlying mech:
exposure to differently valenced interactions with humans would not only have an impact on physiological
variables and sleep macrostructure but also on overnpasipulation behaviour in dogs.

It is worth noting that such exposure has been shown to influence several social behaviours in humans
including affiliation (Lakin and Chartrand, 2003), cooperatiBargh et al., 2001) and ingroup/outgroup
attitudes (Spears et al. 2004). For instance, it I
to play together (i.e. an experimenter using a puppet attended to and coordinated her actionshilit)) the ¢
3yearol ds were more I|ikely to show prosoci al behav
condition in which the puppet moved by the experimenter did not pay attention to and/or acted
independently of the child (&fenhain et al.2013).

The present study therefore aims to investigate how the perceived affective quality of a social
interaction with an unfamiliar experimenter (E1) affects subsequent behaviour of dogs in a cooperative
situation in which another experimenter (E2) rexqisiean oubf-reach object by extending her arm and
gazing toward it. Concerning the effect of ygogosure to positive vs. negative interactions with humans
on d o greldied behavi@ur there are three possibilities.

First, we may assume that, justinchumans (e.g. Over and Carpenter, 2009), affiliative primes
enhance prosocial (helping) behaviour in dogs as well. If so, pretreatment with positive social stimuli will
have a positive impact on dogs6 t ask itselhigfastee ment
approach, faster object retrieval and longer looking times at the experimenter (or a combination of them)
when compared to the negative social stimulation. Alternatively, one may expect that dogs show increased
taskoriented behaviour ithe negative pretreatment condition. That would mean that the behavioural
effects of the negative interaction would outweigh those of the positive one. This could be the result of
eitherthe social exclusion effect (increased motivation to gain acceptasee.g. DeWall and Richman,

69



2011), or it might be related to negative affddzen attentional processes (enhanced attention to the
relevant features of the tasksee e.g. Taylor, 1991). A third possibility would be that dogs, in terms of
their task prformance, fail to respond differentially to the two, emotionally distinct pretreatments. This
would either suggest that the way dogs are handled by the experimenter (positive/negative) is insufficient
to influence their subsequent task performance ardibgs separate their experiences with E1 from those
with E2 (i.e. they do not generalize their positive/negative social experience from one human to another).
2. Methods

2.1. Ethical statement

This research was approved by the National Animal Experimentd&thics Committee (Ref. No.
PEI/001/105¥6/2015). Research was done in accordance with the Hungarian regulations on animal
experimentation and the Guidelines for the use of animals in research described by the Association for the

Study Animal Behaviou(ASAB).

2.2. Subjects

A total of 27 healthy adult pet dogs and their owners participated in the study. Some of them (N=7) however,
did not return for the second testing occasion, so a total of 20 dogs (12 females, 8 males; mean age +SD:
4.25+2.07 yearstange: 1.88 years) were included in the data analysis. They were of various breeds:
American Bulldog (2), Golden Retriever (1), Transylvanian Hound (1), Hungarian Vizsla (1), Russian
Greyhound (1), Hungarian Greyhound (1), Pyrenean Mountain Dog (3)yHLgkMudi (1), American
Staffordshire Terrier (1) and mongrels (7). We recruited owners through personal contact on a voluntary
basis. All owners volunteered to participate in the experiments and gave informed consent. Along with the
informed consent fon, all owners were given written and oral description of the experiment prior to the

pretreatment.

2.3. Procedure
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The experiment consisted of two parts: a pretreatment that was intended to elicit a particular (positive or
negative) emotional state, and ae s t phase in which we measured the
instrumental helping situation. We used a repeated measures {suts)acts) design: all dogs participated

in both the positive and the negative pretreatment conditions. The order ofortkdéions was
counterbalanced across subjects: half of them started with the positive, the other half with the negative
pretreatment, with-B weeks between the two sessions (mean: 14.4 days; SD: 8.1). Both the pretreatment

and the test phase were vide@dy four cameras (shooting from different angles), and the behaviour of

the subjects was analysed later.

2.3.1. Pretreatment phase

The pretreatment procedure was identical to that reported by Kis and her colleagues (2017a). Both the

negative and the positive pretreatment lasted for 6 minutes, and took place in the behavioural laboratory (5

x 4 m) of the Family Dog Project (E6tvos Uaigity, Budapest). Upon arrival at the laboratory, the female

experimenter (E2) greeted the owner and their dog, and the owner signed the informed consent form.
Positive social interaction (PSlIiuring the 6 minutes of the positive social interaction,sdoad

the opportunity to play with the owner and the male experimenter (E1). E1 and the owner petted the dog

every time when the dog approached them, played tug of war and/or throw and fetch depending on the

dogbs pref er e iceted spratidvandsstieedsubjgad. yvhen the 6 minutes elapsed, E1

accompanied the owner and the dog to another room which was used for the test phase of the experiment.
Negative social interaction (NShhe procedure consisted of three episodes lasting 6 minutes in

total. First the owners were asked to leave the dog alone for 2 minutes in the behavioural laboratory on an

approximately 1.8neterlong leash that was fixed about 1 meter away from the @eparation episode

see e.g. Konok et al., 2011, for a similduation). When the 2 minutes were off, the owner entered the

room and stood right behind the fixation point of the leash, without greeting the leashed dog and avoiding

eye contact with it. Then the male experimenter (E1) entered the room and approadeeshéd dog

from a distance of 5 meters (as measured from the fixation point of the leash), moving slowly and haltingly
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(one step in every 4 seconds) with slightly bent upper body and looking steadily into the eyes of the dog
without any verbal communitian (Threatening approach episodeee Vas et al., 2005). This lasted for 1
minute. E1 approached the leashed dog at a distance of 2 meters, then for the remaining 3 minutes he sat
on the ground at the place he stopped at the end of the threateningchppi®avas looking at the dog

with a neutral facial expression without talking to it, in a completely unresponsive3tilita¢e episode

adapted from Haley and Stansbury, 2003). When the 3 minutes elapsed, E1 stood up and left the room.
Then the fema experimenter (E2) entered and accompanied the owner and the dog to another room for
the test phase.

2.3.2. Test phaseinstrumental helping situation

E2 was seated in a chair, holding the dog on a leash next to her. The owner was standing at tite other e
of the room (about 4 meters from E2). There were two identical plush animal toys (5 x 10 cm size) on the
floor in front of the owner. The owner grabbed the two plush toys simultaneously (using both hands), and
attracted t he do gaddsessing (Named tokidhandby movisgtthe graspes abjects.

Then turned around and placed the objects simultaneously on the ground, at their marked position, behind
a physical obstacle (hiding episode). One of them was on the left, the other onegint tapproximately

1.5 meters from each other. Note that both objects were visible to the dog, and were placed in an equal
distance (4 m) from it. Then the owner and E2 switched places: the owner took over the leash, sat down on
the chair, whereas E2 ali®ne of the objects (target) by approaching it, crouching down next to it, and
indicaing attempts to retrieve it. She did so for 30 seconds, using both verbal and nonverbal ostensive
signalsé.gDogb6s oé&kiee &1 canodt s e eltarndting her gaaehdétweentthe placeavh i | e
of the object and the dog. Both objects were positioned in a way that it was apparently difficult for E2 to
reach themFKigure 1). After 30 seconds had passed, E1 knocked on the door. At that moment, the owner
unleashd their dog and allowed theto move freely. E2 continued to address the dog in the above
described ostensive way up until the trial 6s end,
or the 90 seconds elapsed. In case the dog retrievelldhative object, the trial was not ended until the

target was obtained or the time was up. (Note that at the end of the trials, the dog was allowed to play with
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the target and/or the alternative object only for a few seconds, then it was taken aveawardlt, the
owner and E2 switched places again and the whole procedure was repeated. All dogs participated in a total
of four trials in both conditions (i.e. after NSI and PSI): E2 switched her position from trial to trial, thus
cuing the left/right objdcas the target.

Note that we used two pairs of plush animal toys: same in size but differing in shape and colour
(one brown, one black and white with stripes). For the first occasion, dogs were presented with one pair,
and with the other pair of plush ®yor the second occasion. The identity of the first/second pair of toys

was counterbalanced across subjects.

TARGET ALTERNATIVE

OBJECT OBJECT

1.5 meters

Figure 1. Experimental arrangement of the instrumental helping situation

2.4. Behaviour coding and data analysis
The dogsd behavi ou-byfrane sodiagrofall exmeentntd rgcortlimgs (mith the 0.2
s resolution program Solomon Coder (beta 16.06.26, ©2006e 2008 by Andras Péter,

http://soclomoncoder.com/In order to assess intebservereliability, a second trained observer scored a

randomly selected sample of 25%. Cohends kappa
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correlation coefficients (ICC for continuous variables) are giveelow for each variable. The following
behaviours were coded.

(1) Target object retrieval performance (score 0/1): the dog either retrieved the target object
(grabbed it either by the paws or mout hgnt{®core=1

(2) Alternative object retrieval performance (score 0/1): the dog either retrieved the alternative
object (grabbed it either by the paws or mout h) (s
0.85).

(3) Duration of looking (secwls) before release: (a) at the owner (ICC: 0.95); (b) towards the
experimenter and/or target object (ICC: 0.91), (c) elsewhere (ICC: 0.86).
Note: the direction of gazing was recorded on the basis of head orientation of the dogs (while waiting to be
unleashed) and thus looking at the experimenteid notbe distinguished from looking at the target object.

(4) Duration of looking (seconds) after release (a) at the owner (ICC: 0.97); (b) at the experimenter
(when looking was clearly directed at the expennter) (ICC: 0.98); (c) at the target object (when looking
was clearly directed at the target object) (ICC: 0.98); (d) at the alternative object (ICC: 0.90).

(5) Latency of starting to move (seconds): time elapsed between the moment when the owner
releasd the dog and the moment when the dog started to move (ICC: 0.99).

(6) Latency of approaching the target object (seconds): time elapsed between the moment when the
owner released the dog and the moment when the dog approached the target object withifwiib dts
nose) (ICC: 0.99).

(7) Latency of retrieving the target object (seconds): time elapsed between the moment when the
owner released the dog and the moment when the dog touched the targéteatjecty using its paw or
mouth (ICC: 1.0).

(8) Latency of approaching the alternative object (seconds): time elapsed between the moment
when the owner released the dog and the moment when the dog approached the alternative object within

10 cms (with its nose) (ICC: 1.0).
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(9) Latency of approaching the experimenter (seconds): time elapsed between the moment when
the owner released the dog and the moment when the dog approached E2 within 10 cms (with its nose)
(ICC:0.98.

For statistical analysis, we used multiple methédst, we ran generalized linear mixed models
(GLMM, SPSS software, version 23). The model included two fixed explanatory variables: pretreatment
(PSI/NSI) and trial (4 ) , as well as the 2 interactions of t
idenity) as a random factor was also included in the moddas-significant effects were removed from
the model in a stepwise manner (backward elimination technique). For post hoc tests, Bonferroni
corrections were used. Statistical tests werettvai | ealde wadJsetwat 0.05. It has been reported,
however, that latency data would be better analysed with survival models (Budaev, 1997) instead of
GLMM. Therefore we used Cox Model (R package ©Osur
provides a poe r f u | approach for analysis of the | atency

between levels of a given fixed effect with 95 percent confidence interval are given.

3. Results

3. 1. Dogsd behaviour before release

GLMM analyses of thel ur at i ons of d olgakidg ahtleeawdneroakingetowardsttie o n = (
experimenter and/or targetooking elsewhepefailed to show significant main effects of Trial and
Pretreatment and there were no significant Trial x Pretreatment interafféots €p>0.05 for all). This
indicates that the dogsd | ooking behaviour did no

effect during the first part of the test phase (while waiting to be unleashed).

32Dogsd® behaviour after release
Regar di ng rdatrieval pelfformancgobtaining the target object; obtaining the alternative object)
neither the main effects (Pretreatment, Trial), nor their interactions were significant (GLMM, p>0.05 for
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all). That is, subjects demonstrated a fairly consequent etggval behaviour auring the instrumental
helping task: they either did or did not retrieve the target, but they did so irrespective of pretreatment (10
dogs retrieved the target object at least 7 times, while the other 10 subjects retrieved theatangem
onceout of 8) However, the GLMM analysis showed that pretreatment had a significant main effect on the
duration oflooking at the owne¢F1,15~=7.200, p=0.008). The post hoc pairwise comparison showed that
dogs, after NSI looked more at their owners than after H8ufe 2). The main effect of Trial as well as

Trial x Pretreatment interaction were rsignificant (p>0.05 for both).

16 [ nsi
o

14

12

10

duration (seconds)

trial 1 trial 2 trial 3 trial 4

Figure 2. Duration of looking at the owner (mean =SE) in the instrumental helping situation after having

received different pretreaents (PSI: positive social interaction, NSI: negative social interaction)
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Concerning duration dboking at the experimentgpretreatment had a marginally significant main effect
(F1,15=3.631, p=0.059). Dogs tended to gaze more at the experimenter after PSI than after NSI (meanzSE:
4.14+1.42 vs. 2.22+0.77). The other main effect (Trial) and the Trial x Pretreatment interaction were non
significant (p>0.05 for both).

GLMM analysis of dog @ooking at the target objecthowed a significant interaction effect (Trial x
Pretreatment; f15~=11.388, p=0.001): dogs spent much longer time looking at the target object in the first
trial after NSI than after PSF{gure 3). The main effects (TriaPretreatment), however, were statistically

not significant (p>0.05 for all). Neither the main effects (Trial, Pretreatment) nor the Trial x Pretreatment
interaction proved to be significant for the remaining two variables (duratidooking towards the

experimenter and/or targeduration oflooking at the alternative objedELMM, p>0.05 for all).

L] nsi
11,5 3 rsi

10 ‘

8,5

55

duration (seconds)

I ﬁﬂ

trial1 trial 2 trial 3 trial 4

Figure 3. Duration of looking at the target object (mean £SE) in the instrumental helping situation after

having received different pretreatments (PSkitie social interaction, NSI: negative social interaction)
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The survival analyses of the different latency variables also showed some effects of pretreatment on the
dogs6 behaviour. Positive vs. ne g atercywoéthedirstmova | i nt
(h=0.561 [0.397; 0.792]; p=0. 00 latency e approashingntaer gi n a l
experimente( b=0. 546 [ 0. 294; 1.012]; p=0.055) . That i s,

move sooner after rehse and they also tended to approach the experimenter deignes ¢ & 5).

positve =~ 0= ===- negative

[
________

_________________________________

0.8

086 1

moving

041

0.2 9

0.0 -

0 10 20 30 40 50 60 70 80 90
Time (s)

Figure 4. Probability of moving after a certain time elapsed in the different pretreatment conditions

(positive social interactioh PSI, negative social interactidoriNSI).
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Figure 5. Probability of approaching the experimenter after a certain time elapsdu idifferent

approaching experimenter
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Figure 6. Probability of approaching the target object after certain time elapsed in #ials 1

A similar trial effect was found for the latency of approaching the alternative object: dogs were less likely

to approach the target object inthe thirdtdaak opposed to the second one

p=0.0019) ; and in the fourth trial compggureerd t o

trial 1 gasateanans  hal3
a0 000202020 == trial 2 nal4

0.8 1

0.6 1

0.4 A

approaching alternative

0.2 1

0.0

0 10 20 30 40 50 60 70 80 90
Time (s)

Figure 7. Probability of approaching the alternative object after a certainefiapsed in trials-4.

4. Discussion

In this study we investigated whether pretreatment with positive and negative social stimulation would
affect subsequent behaviour of dogs in an instrumental helping situation in which an unfamiliar human
requests anut-of-reach object by extending her arm and gazing toward it. Our results did not show any

effects of different pretreatments on the dogsb®6
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task (before release). tridalrperformangeoemairzed faillyystabledaogss 6 o b
trials after both the positive and the negative social interaction (PSI & NSI): we did not find differences in

the number of times the dogs retrieved the target object as a function of pretreatment. deieeeted

in our predictions, there are multiple potential explanations for such a lack of pretreatment effect. First, it

is possible that dogs are not sensitive enough to the valence of the social inteifactiotiat our
experimental manipulation wamt efficient enough. However, this is not very likely, given that the exact
samepretreatmenprocedure in an earlier study led to palpablepoatn i pul ati on di ffer enc:
macrostructure (Kis et al., 2017a). Also, Gacsi et al. (2013) usdldrshegative affeeevoking procedures

(separation and threatening stranger) and found pronounced differences in heart rate and heart rate
variability. Neverthelesst is still possible that the affedliciting pretreatments were not strong enough to
impact dogsdé willingness to retrieve the target C
behaviour (see below).

The lack of pretreatment effect may also stem from switching the experimenters. Namely, dogs
possibly did not transfer their positively/negatively valenced experiences with the male experimenter to the
task situation in which another (female) experimeatted as a cooperative partner. Dogs could potentially
process the two situations (pretreatment and test phase) as functionally distinct and thus they may fail to
generalize their positive/negative experiences from pretreatment to the test situationis Témmee
evidence to support this notion: dogs, in an object hiding and finding task, perceive ostensive
communicative cues as imperatives that are relevant only to the particular cortexeaihdnowd and
they do not generalize the communicative eahto a modified task situation (Topal et al., 2009).

Another possible effect that needs to be taken into account is the gender difference between the two
experimenters. There is ample evidence taviosrthow t he
Wells and Hepper (1999), for example, showed that shelter dogs acted more aggressively toward a male as
opposed to a female partner. In a similar vein, Hennessy et al. (1998) found that the gender of the person
petting a dog a foktesstbem pettan bysadvomame digitenl a moze relaxed state (more
frequent yawns, more time spent in a relaxed, hgagosture). Lore and Eisenberg (1986) reported a
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similar tendency showing that dogs (males, specifically) were more likely to apferaales compared

to males. Balint et al. (2016) found that male threatening strangers evoked higher arousal state in dogs as
opposed to female strangers. ifgthese results into consideration, our paradigm might have enabled dogs

to show more affilidve behaviour toward the female experimenter, even after the negative social
stimulation. This, in turn, might have led to the decreased efficiency of the negative pretreatment.

I't is important to note, howe v eaurduringtresecand mor e
phase of the object retrieval task (after release) indicated specific effects of the posltihe negative
social pretreatment. We found that dogs tended to look longer at the experimenter after PSI than after NSI
and the effecof differently valenced social pretreatments also manifested through changes in latency
measures. That is, dogs were more likely to start moving upon release and they were also more likely to
approach the experimenter after the positive social interadti@se may indicate that PSI has the potential
to increase task engagement in dogs or it is also possible that the positive social interaction has a more
gener al facilitatory effect on subjectsd behavio
apparatus).

On the other hand, some behavioural effects of the negative social priming became apparent as
well. That is, the priming effects of NSI manifested in longer duration of looking time at the owner after
releaseand ingazing more at thtarget object (at least in the first trial). This behaviour can be interpreted
as behavioural indicator of social referencing (using the owner as emotional referents in ambiguous
situations see e.g. Marshalescini et al., 2013). These behaviours, togratith the finding that the dogs
were more hesitant to approach the experimenter may indicate a general state of distress and/or insecurity
in the test situation. Our analyses also showed statistically significant effects of repeated trials, but only on
one aspect of the dogsd behaviour. Namel vy, dogs
target and the alternative objects over repeated trials. These changes might be easily attributed to a
habituation effect r edgageinthgtaskhe dogs6 moti vation

In summary, it seems that both the positive and the negative social interaction have the potential to
facilitate certain behaviours. The fact that we did not see a difference in how many times the dogs retrieved
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the target with respeab the two conditions raises the possibility that the two processes (i.e. stimulation by
positive and negative affect) might even neutralize each other in terms of their effects. In other words, we
may assume that both positive and negative interactions éffects in the same direction, only the
mechanisms diffeil the positive route putatively through the affiliaticelated oxytocinergic system
(Feldman, 2012), while the negative one via the motivational effect of social exclusion (DeWall and
Richman, 2@1). Increasing evidence supports the sdwogdilavioural effects of oxytocin not only in humans

but also in dogs (for a review see Kis et al., 2017b). Generally speaking, positive emotional states have
been associated with approach behaviour, whereasiveegaes with avoidance. For example, Kis et al.
(2015) found in their placeboontrolled experiment that dogs exhibited a cognitive bias (by forming
positive expectations about an ambivalent stimulus) after being intranasally sprayed with oxytocin (they
approached the target object sooner compared to a control condition). The finding that dogs in our study
started to move sooner after the positive pretreatresponatesvell with these earlier results.

As mentioned above, the behavioural and physiologmaéequence(s) of negative affect might be
coupled with the motivational effect of social exclusion (e.g. DeWall and Richman, 2011). Although many
assume that social exclusion decreases prosocial behaviour in humans (e.g. Twenge et al., 2007), it has also
been shown that it has the potential to increase prosocial behawiowwugh the process of invoking a
6desire to reconnect6é6 (e.g. Chester et al., 2016).
for social exclusion: since being excaddfrom a group may have impeded chances of survival, a special
mechanism (i.e. an increased sensitivity) to detect related signals may have evolved in the evolutionary
past. Taking the convergent evolutionary history of dogs and humans into consid®taiasi and Topal,

2013), it is possible that dogs, too, have developed a heightened propensity to pick up on cues of social
exclusion. Dogs readily form strong affiliative bonds with humans and they have a fundamental drive to
affiliate with their heterspecific partners (Payne et al., 2015). Moreover, they are skilful at making social
evaluations (Anderson et al., 2017) and any behaviouinggv reduce social exclusion would be highly

beneficial. This might result in a motivational and/or attentior@kase in dogs following social exclusion
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related experiences. Accordingly, the finding that our dogs looked more at the owner after the negative

pretreatment might be |inked to this 6ddesire to r
In conclusion, we believe that our findings @ddhe literature on the possible links between social

affective primes and subsequent behaviour in dogs. Although our controlled experimental setup can be

viewed as being far from everyday hurrdoyg interactions, the results confirm both the dissociatiah

some similarities between the impact of positive and negative affective states. A possible direction for

future research, therefore, would target to disentangle the above interpretations.
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Abstract

The present study was designed to test the relative weight of different types of category markers
in young childrendés representations of soci al

efficiently navigate through the mesh network of overlappisgcial categories, the
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representational system dedicated to processing information about social groups should be
prepared to flexibly switch between potential ways of categorizing fellow humans. Thus, we
hypothesized that children would assign more relegdn transient but symbolic features, such

as shirt color, when categorizing humans than other animal species. Across two experiments, we
investigated whether typically developing children as well as children diagnosed with Autism
Spectrum Disorder wouldategorize drawings of humans and dogs along a transient or a
biologically set, permanent marker. The results show that both groups of children overwhelmingly
selected the permanent feature to categorize dogs, however, they were more likely to categorize
fellow humans based on transient features. We suggest that this tendency lays the ground for
humansoé ability to efficiently represent the

groupings may change dynamically and overlap with each other.

Keywods: social categorization, folk biology, transient features, permanent features, autism

One of the greatest challenges of human cognition is navigating through an extremely
complex social environment. Our lives are interconnected in a myriad of ways, ranging from
simple interpersonal interactions, such as giving a helping hand when some@seimo a new
apartment, through relying on the social construct of the healthcare system when we get sick to
complying with international regulations in air travel. For this, we have to be able to not only
understand what drives individual behavior blsbehow societies are organized and how social
groups behave. One key cognitive capacity that underlies the success of these complex interactions
i s humansd tendency to struct ur esocialcdtegoriesat i on

Social categozation in adults has been extensively investigated both in relation to the
cognitive process of categorization itself and its (affective) implications for social interactions. For
example, it is a wellocumented phenomenon that humans have a tendeceyeorize each
ot her based on any arbitrary distinction (6mi
and that this distinction will immediately result in a preference for people belonging to the same
group as oneself (Tajfel, Billig, Bundy Blament, 1971). Nonetheless, some category distinctions

have been suggested to take precedence over others: namely, age, gender and race have been
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typically considered to be encoded automatically upon encountering someone (Fiske, 2000). These
distinctionshave also been repeatedly described to form the grounds of robust stereotypes and
prejudice (Allport, 1954). However, more recently, researchers have argued that the apparently
automatic encoding of race may simply be a byproduct of other evolutiongrivadeognitive
mechanisms that have developed in order for humans to efficiently map out coalitional relations
within the society (Kurzban, Tooby & Cosmides, 2001, Cosmides, Tooby & Kurzban , 2003,
Pietraszewski, Cosmides & Tooby, 2014).

The importance fosocial categorization in cognition is further supported by a body of
research with young children, suggesting that the human brain may-W&¢uldo process social
information in terms of categories (Sperber & Hirschfeld, 2004; Spelke & Kinzler, 2007;
Liberman, Woodward & Kinzler, 2017). While children above the age of 5 already show
remarkable similarities to adults in how they relate to others based on group membership, research
suggests that the basis of these processes may already be presemtyn lioiaking time studies
have revealed that children bedroogwepd hmembdri g st
on sex (Quinn, Yahr, Kuhn, Slater & Pascalis, 2002), race (Kelly, Quinn, Slater, Lee, Gibson et
al., 2005) and language use (Kinzl®upoux & Spelke, 2007). Moreover, linguistic group
membership guides social learning processes from the age of 14 months (Buttelmann, Zmyj, Daum
& Carpenter, 2013, Howar d, Henderson, Carrazz
& Kiraly, 2016; Rt R, El ekes, ol 8h & Kirsgly, 2018) . I m
preferences are underlain by an early emerging system for social categorization that bears the same
features as categorization in adulthood (Liberman et al., 2017). This ckuppsrted by findings
that young children not only show preferences based on certain traits corresponding to social
groups but also make inferences about the relationship of people based on perceived similarities
in these features (Liberman, Kinzler & Wiward, 2014; Liberman, Woodward & Kinzler, 2017,
Liberman, Kinzler & Woodward, 2018). In additiony8arolds also raise different expectation
towards inand outgroup members in adhering to social norms: social norm transgressions are
judged more sevenelwhen committed by anigroup member (Schmidt, Rakoczy & Tomasello,

2012).

Together, these findings raise the possibility that the human mind is equipped with an

innate cognitive module that has evolved to efficiently guide information processing héout t
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social environment (Kinzler & Spelke, 2007; Sperber& Hirschfeld, 2004). However, the operation
of this cognitive module is still unclear in many respects. As category representations in general,
social categories are supposed to help us quickly acgereric knowledge about kinds and use
these efficiently in inferences about the behavior of individuals. Category representations are thus
effective if they can grasp stable and generic characteristics of the kind that will yield correct
predictions abouthe properties and behavior of the members of the category. This is reflected in
a specific feature of the human mind, called psychological essentialism (Medin & Ortony, 1989).
The term refers to humanso t endennsig stableangd i e w
essential property that defines category membership and is causally powerful in shaping other
superficial features of the category members
may differ along ontological fields. Essentsai has been most intensively investigated in relation

to natural kinds. Such beliefs about animals, for example, will lead us to assume that if something
is born a dog, it will grow up to be a dog even if raised among cats and will share most of its
featues with conspecifics. Moreover, adults will readily claim that a Puli is still a Puli even if its
characteristically long hair is cut short. Importantly, such essentialist beliefs are present in humans
from an early age (around the age 4), guiding coneépevelopment (for a review see Gelman,
2003).

There is wide scientific agreement that humans also apply such essentialist beliefs to social
categories from early childhood. Specifically, a number of studies show that alresshpod
aged children bedve racial and ethnic categories to be absolute and determined by birth
(Hirschfeld, 1996; G#white, 2001; Astuti, Solomon & Carey, 2004, Diesendruck & haleuvi,
2006). Similarly, gender categories evoke robust essentialist reasoning, whereby childtbe from
age of 3 expect gender categories to bepgenmeable and causally powerful in shaping other
properties of individuals (e.g. Gelman, Collman & Maccoby, 1986; Taylor, 1996; Taylor, Rhodes
& Gelman, 2009). While beliefs about the biological determinidnsategory boundaries may
seem intuitively appropriate for categories that are in fact related to genetic variation, there is
another feature of essentialist reasoning that leads to significant bias: assuming a strong causal
power of such distinctions shaping other traits of the individual. Children (as well as adults) not
only expect such categories to be innate but also expect members to share died redavant
traits with ingroups rather than ogroups (e.g. Taylor et al., 2009; DiesendrucK&L evi, 2006).
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The pervasive nature of social essentialism is manifested in findings that children apply
this belietsystem even to kinds that lack any obvious biological ground. For example, children
assume that the language someone speaks is determitiedriative language of the birth parents
rather than that of adoptive parents (Hirschfeld & Gelman, 1997), and that linguistic group
membership is stable across development (Kinzler & Dautel, 2012). Similarly, essentialist beliefs
have been found in rdlan to religious groups (Smyth, Feeney, Eidson & Coley, 2017). The
results showing an earlgmerging tendency to essentialize social categories and that these beliefs
exhibit remarkable similarities with reasoning about animal kinds have led reseaoghensose
that social kinds are mistaken by the brain as appropriate inputdtk-laiology modulgAtran,

1998; GitWhite, 2001). However, research findings that show significant cultural variation in
which categories become essentialized contradist totion (Diesendruck, Goldfeilbaz,
Rhodes, Gelman & Neumark, 2013).

While essentialist beliefs undeniably yield incorrect stereotypes and predictions about
individuals on several occasions, they also manifest a fundamental ambition of the human mind:
to map stable correspondences between category membership and individual features in order to
aid information processing and learning about the environment. Naturally, cabepay
inferences are most successful, if category boundaries are stable @andannsally powerful
features. However, social categories represent a challenge in this respect. Although there are some
salient category distinctions that are based on genetic variation (such as the Big 3, age, race and
sex- Fiske, 2000), arguably, thealepurpose of social categorization is to understand the more
fine-grained organization of societies (Sperber & Hirschfel, 2004). We can represent categories
defined by nationality, religion, sports group, sororities, study groups, etc. Note that swisal ki
are not simply organized in a taxonomical structure but these categories overlap with each other:
members of the same study group may nonetheless belong to different churches (or none at all).
Moreover, as Cosmides and colleagues (2003) have higldigtegeegory boundaries may also be
fleeting in time: humans tend to form transient allegiances with each other for specific occasions
but such coalitions may easily be reorganized for a novel purpose. This presents a paradox for
social categorization: whalcategorization in general is most effective if it can capture something
stable about the given kind, one of the most important features of the social environment is that
social groupings may change dynamically and thus the relevance of distinctionsmaphahge
rapidly.
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Lately, a number of accounts have highlighted a function of social categorization that
inherently invites this kind of dynamicity. Namely, that social category representations are formed
first and foremost to map cultural (rather thamldgical) differences by keeping track of
differences in knowledge states between individuals. Thus, people who seem to share knowledge
with ones e | f in relevant domaignouwbdl whbéeecaheger
ignorant wilgtodpom ¢ Kien Aloairt Dupoux & Spel ke,
Olah, Elekes, Brody & Kirdly, 2014; Olah, Elekes & Kiraly, 2019). While these theories bear
significant resemblance to one another, some authors claim that certain aspects of shared
knowledge, sch as language, are prioritized over others (Libermann et al., 2017), while others
emphasize that a more general sensitivity to shared knowledge helps to keep track of category
boundaries in a dynamic way by allowing to flexibly switch between relevéierahtiations
(Olah et al., 2019). This will help us to realize in an instant thataers should be viewed as
Ai-gor oupo when di scussi ng -grroou pets swhenm | we scshuaersg e
pertaining to our leisure activity. We argbeat social categorization processes fulfil their purpose

if they can allow for this kind of flexibility.

In this paper, we set out to investigate whether young children are sensitive to the above
described important difference between social categoresther biological kinds: namely, that
social categories are first and foremost social constructs and are, thus, not necessarily based on
biologically determined stable characteristics. We hypothesized that if such flexibility is indeed an
inherent featureof the naive sociology module, then children should be more likely to view
transient markers as defining a social category than in the case of biological kinds (such as

animals). Thus, we compared categorization of human and dog targets.

Moreover, we examed the same effects both in neurotypical children and children
diagnosed with Autism Spectrum Disorder. It is welbwn that the sociatognitive abilities of
individuals with ASD are significantly impaired, yet little is known specifically about how it
affects social categorization. In general, research suggests that autism results in reduced abilities
to extract abstract categorization rules from environmental stimuli, while categorization based on
simple features may be intact (Klinger & Dawson, 20Bastgeb, Dundas, Minshew & Strauss,
2012, Mi ns hew, Meyer & Gol dstein, 2002) . The:¢

centr al coherenced theory of autism which sug
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on local rather than global featuresstimuli (Frith & Happé, 1994). Moreover, Skorich and
colleagues (2016) have provided evidence that the more commonly described mindreading deficit
in ASD (BaronCo h e n, Leslie & Frith, 1985) may al so
more on tle lower levels of hierarchically organized social categories. Although as of yet,
empirical evidence about social categorization in ASD is scarce and indirect, we predicted that
children with ASD may have more difficulty in representing social categariesms of complex

and flexible social relations and thus, may be more likely to focus on simple and stable
characteristics.

Experiment 1: Social Categorization of Dogs and Humans in Neurotypical Children

Method
Participants

For the experiment, 62 neurotypical children between the ages of 4 and 7 years (33 girls,
29 boys, mean age +SD: 65.0+10.8 months, the ages ranged from 46.7 to 84.3 months) were
recruited from state run preschools in Hungary. Informed consent were olftameall parents
of children in accordance with an Institutional Review Beap@roved protocol. This research
was approved by the Research Ethics Committee of E6tvds Lorand University and was carried out

in accordance with the Declaration of Helsinki.

Setup and visual stimuli

The stimuli were digitally drawn images of children and dogs presented on a computer
screen. Four different sets of stimuli were used. Each set was comprised of a group pair of either
2 groups of humans (SewASet By) or 2 groupsof dogs (Set A; Set B). In each group pair,
there was always one transient trait (shirt color for humans or harness color for dogs) that was
consistent within groups but differed between groups. For instance, one group wore yellow shirts

while the othewore green shirts. There were also 2 types of permanent traits for both humans and
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dogs that could be present in both groups or were divided between groups similarly to the transient
trait. As an example, the group with yellow shirts all had lighter akith the group with green

shirts all had darker skin, while in both groups, half the humans had yellow hair and half had brown

hair. As the example shows, the permanent traits were skin tone and hair color for humans, while
in dogs, these were fur color addg breed. The different kind of traits were presented in all

combinations. The sets defined by these features are summarized in Table 1.

Table 1. Stimulus sets used in the experiment

Conditio | Stimulus Group Permanent trait Transllent Permz?lnent
n Set Name (consistent) trait trait
(consistent) | (variable)
"Lomar" Brown hair Red Tshirt Skin tone
Set A4
"Helot" Blond hair Blue T-shirt Skin tone
Human
"Pupék" Light skin tone Yelloyv T Hair color
Set B, shirt
"Luppancs" Dark skintone Green Fshirt | Hair color
"Cserbeng6q¢ Small sized, short
.\ haired (Dachshund) Red harness  Fur color
Set A
"Rekkencs" Mgdlum sized, Ion.g Blue harness  Fur color
Do haired (Border collie)
g
"Bend Grey fur :ellow Breed
Set B arness
"Rikacs" Brown fur Green harnes Breed
Procedure
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The tests were carried out by a female experimenter. Children were seated at a table in
front of a computer screen. The experimenter was seated a little behind the child so that her
nonverbal cuewould not influence children. Children participated in four different types of trials
i trials involving different sets of stimuli (i.e. SetB1/Ap/Bp 1 see Table 1). The order of trials
was randomized across participants with the restriction that huntadag sets were presented

alternately. Each trial consisted of a prototype learning phase and a test phase (Figure 1).

Prototype learning phasé&€he two groups were first introduced while also mentioning an

activity that members of each group liked to(log.i L oo k! Thes e -saTheylikehe 6L
to play cards. And -5ooRheV¥heskeeéamalgroupdetwity b Bl n g
pairings, see Appendix 1.). After presenting the groups of a trial, the experimenter explained the
tasktohe chil d wit h t helwilshbwyousome gictures f kids/dogst Eachn s :
is either a O6Ffwen&mplé)Abt wodHbBhvedto do is tell
showing you is aoo6Lom8rd6 or a OHel -t©o

At this point, the groupsere no longer visible on the screen. First, the 4 prototypes were
shown, that could only fit into one of the groups (as explained above). The four individual
prototypes were shown one by one on the screen in a randomized order. To follow the previous
exanple, this could be a human in a yellow shirt with a light skin tone and either yellow or brown
hair. If the child misidentified at least one, the presentation of the trial was repeated from the
beginning, reintroducing the groups maximum three times. thategroup names were relatively
difficult to recall because they were meaningless. If the fourth attempt was still unsuccessful, the
inconsistent images were not shown for that set and the trial was deemed unsuccessful. If they
completed the prototypedening phase of the other stimulus sets without problem, the data from
those were still used.

Test phaself the child successfully completed the prototype learning phase, thus showing
that they understood the task and could remember the groups an@mthes, they were presented
with the inconsistent images one by one. No indication was given to the child that anything was
different in these images from the previously presented prototypes. The four items that were
inconsistent matched one group by theansient trait and the other by their permanent trait. For
instance, a human with a yellow shirt, darker skin tone and either yellow or brown hair could be

categorized as APup8ko by the transient trait
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portion of the test, there were no O0rightoé or
with either of the group names presented for that particular set, the question was repeated. If
children still failed to name one of the categories aftettilid question, the trial was ended and

was excluded from analyses. If the child was uncooperative or was not paying sufficient attention

or showed signs of distress, the task was terminated.

prototype learning phase test phase

i —_—
\ Fww W 7

2 Groups

Child /v“"l
a°
i 4 Prototype
Experimenter -\ 4 Inconsistent
Figure :Ex per i ment al setup and example of stimul
AHel -to0) in the order of presentation. 2 grou

Coding

We analyzed childrenés first rreilgplasesttes ( ch
responses were coded either right or wrong. During the test phase, the answer was coded as
Apermanento if the child clearly said the nam
color, skin tone, fur color or breed) with thven exemplar. If the selected category matched the

harness colororthesthi rt col or that of the exemplar, t he

Statistical analyses were executed using SPSS (IBM SPSS 23) software package. We used
generalized linear med models (GLMM) with binary regression to check the differences in
category choices across conditions. The model included a random grouping factor (subject IDs).
Condition (dog figure/human figureSex,P er manent Label Type Tahair/fu
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Order (from 1 up to maximuml) were included as fixed factorA.ge i n mmecludddas wa s
covariate and the model also contained all-may interactions. Noignificant interactions and
main effects were removed from the model in a stepwise enafackward elimination
technique).All tests were twet ai | ed and the U value was set

correction was applied for all pesbc comparisons.

Results

Prototype |l earning phase

All participants completed at least one trial; 51 children (82.2%) successfully completed
all four trials, others, however, failed to complet8 trials (three failed trials: N=4 children, two
failed trials: N = 1 children, one failed trials: N = 7 chddy. Overallthey performed well in the
prototype learning phase (82.1% of their responses were correct on the first attempt). The GLMM
analysis revealed a main effect of Conditionggs= 6.161 p = 0.013) and Agei(fos= 12.935, p
< 0.001) and the teraction of these two factors was also significanpdd= 6.213, p = 0.013).
These results show that older children were generally more successful in the prototype learning
phase but this effect was mainly driven by trials with dog stimuli; prototgpegorization of
human images remained largely the same across ages. All other main and interaction effects were

nonsignificant (p > 0.05 for all).

Test phase

GLMM analysis showed a significant main effect@dndition (dog vs. human figuret, g1 =
170.259;p<0.00))am h i | d r e n Gwgestiagthataheystend to categorize human and dog
images differently (Figure 2). More specifically, children showed a robust tendency to categorize
dogs based on permanent features (fur color, hiree84.8% of the total responses) whereas they
showed opposite response bias in the oO6human f

in 62.3% of the total responsiedVilcoxon signed rank test, p = 0.004).
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Figure 2. Categorization of human andjdmages based on transient and permanent features. The

graph depicts the percentage of trials where a specific type of choice was made.

Permanent Label Typ@l so had a significant nhaainr /effufrec
vs s ki Fdubx0818;¢ =0.002) and there was a significant interaction bet@erdition
and Permanent Label Typfrigo1= 6.104; p = 0.014). That is, children were more likely to
categorize dogs based on the permanent trait if that was indicated by breed than loy,fbutco

this tendency was not observed when the respondent categorized humari figguss 3.).
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Figure 3. Mean proportion (+SE) of trials where children categorized based on the permanent trait

shown separately for the different kind of permanenkara.

Interestingly Sexalso had a significant main effectfez= 5. 886 ; p = 0. 015)
category choices. Girls were less likely to rely on transient markers compared to boys, suggesting
that their choices were driven by skin tone or halocwhen categorizing humans, or breed and
fur color in the case of trials involving dogs. Note, however, that there was a sigrifficanige
interaction effect (Eso1= 4.409; p = 0.036), suggesting that these gender differences became less

pronouncd with age (Figure 4).
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category choices for individughrticipants.

The GLMM analysis showed a main effectTofal Order (Fsg94= 3.607 p = 0.013) and
theTrial Orderx Age(Fs,g91=4.953 p = 0.002) as well as theal Order x Permanent Label Type
(Fs,801= 3.200; p = 0.023) interactions were also sigaiit. The pattern of responses indicate that
children were slightly more likely to categorize based on transient features in later trials. Moreover,
in the first trial, children were more likely to categorize based on the permanent marker if it was
indicated by skin tone or breed (as opposed to hair or fur color) but this difference became less
pronounced as the trials progressed. The main effégg@dnd other interaction effects were not
significant (p > 0.05 for all).
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Discussion

Experiment 1 revealed that typically developing 4 4ge@rold children assign different
significance to permanent and transient features when categorizing humans and animals (in this
case, dogs). Specifically, the results show that overall, children &awbust tendency to
categorize dogs based on permanent features, such as fur color or breed. In contrast, children were
much more likely to view the transient trait as the basis on which humans should be categorized,

choosing this trait on more than 60c¥the inconsistent images during the test phase.

While our main hypothesis was confirmed, a number of other effects have also emerged.
Speci fically, which permanent feature was st
Overall, when groups coulak differentiated by skin tone or breed, participants were more likely
to categorize based on permanent features. However, while the skin tone of human figures had
only a small(if any) effect, breed seemed to make more of a difference in categorizing/dogs.
also found that, overall, girls were more likely to focus on permanent features, a trend that
diminished with age. Importantly, sex was not found to be in a significant interaction with
condition, showing that both girls and boys used differentiaiesfies in categorizing humans and

animals.

The results of Experiment 1 thus suggest that neurotypcial children indeed show an
understanding of the socially constructed nature of social categories and do not conflate them with
biological categories. To furer elaborate on these findings, we ran a modified version of the
experiment with children diagnosed with autism spectrum disorder (ASD) and a control group of

typically developing children matched in mental age and gender.

Experiment 2: Social Categoriation in Children with ASD

Method
Participants
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Test group 18 children (N = 16 boys, and N = 2 girls) with a diagnosis of autism spectrum
disorder (ASD), or the Hungarian equivalent (KZD/BNO-10 codes of: F84:Mhfantile Autism,
F84.1Atypical Autism, FB4.5As per ger 6 s SyQthker pemwasiye dévelapmi
disorder) were chosen from a variety of schools, preschools and early intervention centers in
Budapest. One child was excluded from the analysis (Boy, 5 years old) as he showed signs of
distress when entering the testing area. Two regular nursemyistiaal separate ASD classrooms,
with up to nine children per group and specially trained teachers and care takers. Most of the tested
children, however, were selected from a specialty establishment where the whole school caters
specifically to the needsf dlifferently abled children with varying diagnosis. As these schools
offered different levels of support, the children recruited from them had diagnoses of varying
degrees of severity, thus the methods of the study had to be adapted to suit nonvdrbal ahil

well as developmentally delayed children.

ASD participants were between the ages of 3 to 12 years old (mean age £SD: 94.9+35.8
months), while mental age was between 3 and 8 (Table 2). In most cases, mental age was not
included in the diagnostic fms of the children, so their special education teachers were asked to
give an approximation about the chil ddés ment al
based on age in years. This was not possible for all participants, however, so Gasaesvhere
a preschool aged child had no difficulty in understanding and completing the task, their mental age

was assumed to be on par with their chronological age, at least in the areas important for this study.

Control group 17 neurotypical childrenNT) matched in mentadge (mean age+SD:
71.14£15.9 months) and gender (N = 16 male, and N = 2 female) were also recruited for the study
(Table 2). The children attended the same level of education (preschool or school) as their

counterpart in the ASD group.

Table 2. Matching on mental age for ASD and Neurotypical group.

children with ASD neurotypical children
chronological ag(estimated mentg chronological ag(estimated mentg
(years) age (years) age
3.7 3+ 3.7 3+
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5.9 3+ 3.8 3+
4.2 4+ 45 4+
4.7 4+ 4.7 4+
7.1 4+ 4.8 4+
4.8 S5+ 5.1 S5+
5.6 S5+ 5.7 S5+
7.4 5+ 5.8 S5+
6.6 6+ 6.0 6+
7.0 6+ 6.5 6+
9.8 6+ 6.8 6+
11.0 6+ 6.8 6+
10.8 7+ 7.0 7+
11.3 7+ 7.0 7+
11.4 7+ 7.2 7+
12.8 7+ 7.6 7+
10.8 8+ 8.0 8+

Setup and materials

The stimuli were the same digitally drawn images of children and dogs as used in
Experiment 1 but printed on laminated cards. We used cards instead of a computer presentation
because we assumed that this format would be more familiar to children with S as
similarity to PECS (Picture Exchange Communication System) and picture schedules that are often

used with children with autism spectrum disorder. Thus, we assumed that this specific format
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would facilitate cooperation in the ASD group. A cameraswised to record the stimulus

presentation. The children were never in frame of the camera.

A fAimotivational papero (A5 size) was used
but also as a means of showing them how much of the task was left andh&l would get their
reward and a break if needed.

For NT controls and those ASD children who would work for social rewards (praise,
clapping, etc.) stickers were given at the end of each trial when a column was filled with stamps.
For the ASD grouphe sheets of stickers were separated into individual stickers to avoid confusion
and distress. For tangible reward dependent ASD children the reward system used in their
classrooms was implemented. This usually involved a PECS symbol, that could beapléeed
end of the columns on the motivational paper to signal what they were working for. Two square
plastic boxes were also used (13.5cm wide, 5¢cm high). These were clear, with a strip of black tape
around the front 3 sides covering it, so the child@owlt see into it. The group cards were clipped
to the front of these facing the child. The coding sheet was a small piece of paper with a grid
printed on it. The answers of the child could be indicated in a way that did not signal whether the

answerr iwedga oi or Awrongo (Figure 5).

Q Child
SN I SN
CIECIE)

-' Experimenter
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Figure 5. Schematic representation of the experimental arrangement (drawn not to scale, view from
above). The group cards are clipped to the plastic boxes facing the child, the motivational paper is

also facing the child, ab on the table there is a coding sheet.

Procedure

The experimenter and child sat on opposite sides of a table in a separate room (therapy
room, or other similar area within the school that was familiar to the child but was free from
distractions). There was always a person known to the child present during the test, such as a
teacher, therapist or other caretaker. No other adults or children were present. The camera was
positioned so that the child was not in the frame. If necegsbarghild would be instructed by the
teacher or therapist to sit still and pay attention before beginning the experiment. For children more
used to this form of communication, the PECS symbols that depicted this instruction could be
placed on the table iinont of the child.

Prototype learning phas€&€he child was asked to sit at the table and was familiarized with

the reward system to establish cooperation. At this point, the basic setup was complete, but no
stimuli were visible yet. The following instrachs were given (modified to fit the specific reward

the child would received: Y o u  wi | | receive stamps, and when
What kind of stamp would you like, a bear or a mouse? When one of these rows is full (*pointing

to thepaper*), you will get to choose a sticker, that you can stick I{frpersonalized rewards

were used, they would get that at these points as Wwell When wedre done with

keep this paper with all the stamps and stick

After this, thechild was presented with the four trials (prototype learning phase) described
in Experiment 1 in a semi random order, always alternating dog and child conditions. If a child did
not place all the prototypes in the appropriate group, they were preserited witthem again in
the same order. If they still could not do it on the second try, the particular trial was deemed
unsuccessful, and it was assumed that the child did not understand the task or was not paying
sufficient attention at that time to corept the rest of that stimulus set. If they completed the

prototype learning phase of the other trials without problem, the data from those were still used.
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Test phaself the four prototypes were successfully categorized, the children were
presented in random order with 4 items that were inconsistent and fit into one group by their
transient trait and the other by their permanent trait. For instance, a human with a yellow shirt,
darker skin tone and either yellow or brown hair. In this portion therewen o 6ér i ght 6 or

answers.

The following instructions were givei:Now | 6 m going to show you pi
These are the Lem-ts/ Cser beng  Thes,#the éxperimefitdrey g o
clipped the card to the edge of afehe boxes, then put a hand on the top of the card to emphasize

that it should be left there. Then, she explained the task with the following instrudétiong:| | gi v e
you cards with kids/dogs on them. All of them belong either here, or here. (*pairitinige boxes

behind the group cards*) Your job is to put the card where you think the child/dog on it belongs,

here, or here. (*pointing again*) Where do you think it belongs? Put it where you think it

bel ongs! 0o

If children did not put the card into kér of the boxes, the instruction was repeated
(maximum three times), after that the trial was ended.

The entire test took approx. 12 minutes when the child cooperated and no breaks were
needed. However, no strict time limit was set and as many bredilsedaken as needed between
trials with no set time limit, giving the child the option to choose when they wished to continue. A
reminder of the reward could be given to encourage the child to return to the task. If, after being
given a card to categodza child stopped and got stuck, the following prompt could be given at
approx. 5 second intervals a maximum of 3tinfiesY¥h er e does it bel ong? Pu

it belongs! o.

Coding
Similarly to Experiment 1, @hei | adnr ael nybzse dr ecshpiolnd
analyzed with generalized Iinear mixed model s

(binary 1l ogistic r e garandomigrouping.factdrlisebjechids) dnd uirn c | u
fixed explanatoryndiatriiam!| €do d/fracmanr s i g Lroes ) ,
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(hair/ fur vs skin/ bTrid@rdey (fromG uptaunmexiniudS DM T ad n &G g
i n vy e danclsdedvas variate and the model also contained aliMayointeractionsN o -n
significant interactions and main effects wer e
t ec hnAllgestewere twet ai | ed and the U valial Bonfevrars s e't

correction was applied for all pesbc comparisons.

Results

Prototype |l earning phase

O n I4ychildren from the ASD group had difficulties in one trial with categorizing the
prototypes on their first attempt and there was an additional Ag8Ripant who had difficulties
in three out of four trials. Note, however, that all children with ASD completed each trial
successfully and they performed very well in the prototype learning phase (95.6% of their
responses were correct on the first attgmphere were only two children from the neurotypical
(control) group who made incorrect responses (99.3% of the responses were correct on the first
attempt). The GLMM analyses of the prototype learning performance showed no main or
interaction effects o€ondition, Permanent Label Type, Group, Mental Agédrial Order (p>
0.05 for all). The results indicate high category learning performance both in the experimental
(ASD) and the control (NT) group.

Test phase

The GLMM anal yGarsdibthidovedst gat fi cant main e
category choices { Basmah. W&4; dpg< fO.gwhl);,. FBot h
autistic children were more | ikebdyegorreiggod

while transient traits proved to be more i mpo
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Dog figure  Human figure Dog figure  Human figure
ASD children NT children

Figure 6. Categorization of human and dog images based on transient and permanent features. The
graph depicts the percentage of trials where a specific typeomfectvas made by children with
ASD and neurotypical (NT) participants.

Although the main effectsf GroupandPermanent Label Typsere not significant (p >
0.05) there were significant interactions betw@emmanent Label Typand Condition (F1,516=
8.629 p = 0.003), and betweBermanent Label TymndGroup(F1,516= 20.344 p <0.001). These
findings suggest that for human images, hair color was overall more likely used as the basis of
categorization than skin tone, while dogs were slightly more often categorized based on breed than
fur color. More specifically, neotypical children were more likely to categorize dogs based on
the permanent trait when it was indicated by breed, while children with autism assigned more

weight to hair color than skin tone (Figure 7).
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Figure 7. Mean proportion (+SE) of trials whemurotypical (NT) and autistic (ASD) children
categorized based on the permanent trait shown separately for the different kind of permanent

markers.

The main effect oMental Agewas also not significant at the p < 0.05 level, but we found
a significant ineraction betweeklental AgeandPermanent Label Tyd&1,516=5.827 p =0.016).
This effect is mainly driven by older childrer
marker as the basis for categorization when skin tone/breed indicatesiggoigership. We also
found a main effect ofrial Order (Fs5s12= 3.655 p =0.012), showing that children chose the
transient trait more often in trial 3 than in the other three trials. Other main effects and interaction

effects were not significant (p > @@or all).

Di scussi on

Overall, Experi ment 2 replicated the findi
to categorize images of humay sovwerswelde lomi rntdhley tc
per manent trait asobhhwheéeascatégorcategodogat

pattern of results was found with both neurot
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SpectrumHDwswvederthere were also some minor d
obseChethdre the two grroemnpse smowed ms iff fwhi ¢ h
put more emphasis on. While neurotypical chil
t on
Thu

or breed rt,hatnh eh aoiprp oosri tfeu phattrdtd @or nvi whs aabh $ e
, the observed effect does not reflect an
categorization. Rat hean bda aseemsntmod ef dri kkey ya

e
s
e
bias related to theofiweak eaenisal (Eohéhe&ceélap
h
n

wi t ASD may be more |ikely to be drawn towar
t ha to traits manifested motrki globalbg. edni l)
in teriths vefrsluesca | obal processing: hair col or
gener al property of the body (but due to the
perceiver to integrate informatiladngp.cdmindefrca
dogs, although fur color is not a |l ocal featu

abstraction which may be more difficult for p

Gener al Di scussion

The present studies were designed to test

soci al categories are first and foremost soc
category boundaries. To invesungadtbtei Itdrnesn queslit
i kel y t o categori ze i ndividual s based on t

hypot hesized that an opposite pattern would b

groupings of ani malisolusguiad dly ciogtriersgptoinadn st.o o

hypot heses. Across two experiments, we have f
dog stimuli was to match the individual to th
or fuAl tbbogh |l ess robustly, an opposite patt
stimuli: on the majority of occasions, childr

share the tsrhamgi)e mti tthr &ihte m.t
Al t hough agd hei pgamaeculnatod results to some
vari abl es, we diadg en odti fffidnhde sweersy irnotbeursetst i ng i |

the age range covered in our study warsaaiedlat i
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categorization becomes more r obusltheduraijrog itlyi

studies with preschool aged children suggest
downpl ay the i mportancer odf raati edorciaz aetgioan zay
Shutts & Correll, 2010) . Howe vbeyr ,t hae | aageg eo fb odi
children entertain similar stgeroeugpt ynpeensb earsd apsr
(Hirschf alndh,aml, 9B&a,r od & Banaji, 2006)

The above menti odmeaiodme viedtopmendsadarily have
increapercnei vbhd relevance of race or biologic
mer al nani fest atli avin defnianggeorfersc ope podo ploes swihbil cel
is exhibited in the mini mal group effect i n
paradox that has yet to be resolved i nandcewel op
in the flexibility of social categorization i
categorizati on suggest yttpati ornitzal Icertahnl d
categorization (Kinzlef2&), ahowdd &d@teldé ivieatsha
this representational system has to allow for
in order to track changing coalition relatiol
compl exe sdfr uxdalireti es (Sperber & Hirschfeld, 2
change in flexibility takes place somewhere «L
children start to assign more r el20ladn)c.e Hoowew «
our results suggest no developmental disconti
this age range seem to predominantly categor.i
the napve sociologywmbldut ki $ sflpexphirleidt yof dem

Note that in our study, only one transient
Thus, we cannot be absolutely certain whether
characteriisttiamrs itdeaal Imaardker for categori zati c
the many possible ways that socially construc
an ideal candidate for the tranlsorenor felhitour o
carries a symbolic meaning: children from an
cohesion is often signaled by similar clothir

i mportant to consiisdedi f fhioomelvtert o thiabnd itraits

bi ol ogically set stable properties that nonet
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will inevitably result in associating new meal

(consider the not very sophi-Baicadedomge) . cdim

traits may gain symboli.c significance with de

| mportantl ytetheosamenpaal results was fou
andhi |l dreStDdews pht & the fact that this conditio
cognitive abilities. Thi s derfpiadirtmeing u $u arilinyd
(Ba®Cohmhen et al ., 1985). Altshowuagm hbhédivi ewsed paes
evidence that the napve psychology modul e 1is
we did not find considerable differences 1in
children with AZ3P ttudanetshesmtgdgomtturas becau

tendency to attend to iTlsoaal afkewpnt udroeish éiredyt vy b

overwhel mingly categorized dogs along per mane
sl ightle tnhoed ueHaftivetvies ,does not necessarily mea
drive soci al categorization in neurotypical c
|l atter groupds performance resuétwedémoaol @t miem
behavior, while the control group may be mor
constructed groupings t oSiontchee ro usrc esntaurdiyo so nalnyd ul
traitstftdreheshod ltdo bgea iechenad uncotueed e mst andi ng of

Despite the above consi der aaliroedsd yhdaercerb eal i e

tendenaysmgne relevance t o sytnhbaonl i <t agbrloeu,p bdiio

det er mitruedesf eaeveal s somet hing i mp:ortaat abo
representational systédmoil ® gryotmotdwd fet s mme&xewo b hn
di fferent input.

Th
wi t h

e resowlitalt hcaatt esgor i es arse fwioenwead aesard o/c iaq
studies that highlight the role of socia
It has been repeatedly shownptlRaderchiol acgmui frre
a

rel evant kK niomnwg eidgteo dpr iomme mhber s (Buttel mann et
2015; Ol 8h et al ., 2016 ; PetR et al ., 2018, 7
necessarily wuse these distiinckita oyrsc rtaad iflma kper e fif
category members (Buttel mann et al ., 2013) . \Y
find similar selectivity in | earning when pot
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use. These findings corromoamateaonluy ag@eul bt th

the role of soci al categories in maintaining
observable differences among individuals carr

These results, howevienrdi chda endthanecess anl i ¢
essentialized. Rhodes and coll eagues have pro
which children come to essarstciegltii bé ecRhod dseost,i @
Lesl i e k& T2wlolr2e; Rhodes & Mandal aywal a, 2017) .
| anguage while introducing novel social categ:t

belefs about the ,caittegiosyposdeshnhkel areté@ftise nod n teiv:
beliefs wildl be applied to each of the soci al
shirtrefoleocts i nnate differences among i1indivi
inductively powerfuouh. thei endeal i §i hdneg win
considerable variance in which aspect of essel

Heyman & Legare, 2007).

I n closing, it should be menti dned utsheadt awh
umbrella term for every distinction <created
representational Ssystems stand behi nd t hese
bi ologically relevant categaeanrieas edsudhimoagh ga

(evolutionary more ancient) module than those
navigate through the complex structure of hun
cognitive facul andtbkbat hesmpebpaeedwot k& bf ofte
Humans should not only be able to extract gen:i
information, but they should also be ready to
iniastant i f contextual cues warrant it. We s
emerging tendency to assign more weight to tr

evidence that the human momdeas!| prepared for
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Appendix 1. Introduction of the different categories of humans and dogs.

1 Set A4, Human figure:

o AiLook! These-saThey likeéth glay éatde m8& r 6
o AiLook! Thes e-s. @hewlkettoge fisking.e | - t 6
1 Set A, Dog figure:
o ALook! Th&GsxeralrsendgThedy | i ke t o play fetc
o ALook! These asr.e Tthheey OIRekkek ethoc scbhase eact

1 Set By, Human figure:
o "Look! These-sar &htelye |l 6 Rep8lodgo hi king. o

o ALook! These asr.e Tthheey OlLiukpep atnoc sgbo s wi mmi r
1 SetBp, Dog figure:

o ALook! These -areThéy I[6iBleem dtRe 6go hunti ng.
o AiLook! These-sar el htehye 16 Riek &cos b ar k. 0

Appendix 2. Demographic characteristics of participants in Experiment 2.

ID Sex Mental Biological age in months
age
ASD Group
1 1M3FBM male 3 44
2 2M4BMM male 4 50
3 3M6SIM male 6 84
4 4M6VDF male 6 79
5 5M5FAF male 5 58
6 7TM5CKG male 5 67
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7 8M7PLG male 5 86
8 9M4KOG male 4 56
9 10M5KDG male 3 71
10 11M7RBG male 4 85
11 12M10MKF male 6 117
12 13F11KKF female 6 132
13 14M11KPF male 7 135
14 15F10NEF female 7 129
15 16M11PGF male 7 137
16 17M10HMF male 8 130
17 18M12LPF male 7 154
Control
Group
1 NT-1M3CMB male 3 44
2 NT-3M4HPB male 4 57
3 NT-4M6KRB male 6 82
4 NT-5M6NKB male 6 72
5 NT-6M5SAB male 5 70
6 NT-7F7TDB female 7 86
7 NT-8M6FKB male 6 83
8 NT-9M6BZB male 6 81
9 NT-10M7RJB male 7 91
10 NT-11M8MPB male 8 96
11 NT-12M3TAB male 3 45
12 NT-13M4MMB male 4 54
13 NT-14M5CLB male 5 61
14 NT-15M5KKB male 5 68
15 NT-16M4BJB male 4 56
16 NT-17F6XXA female 6 78
17 NT-18M7XXA male 7 84
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Similarity between an unfamiliar human and the owner affects dogs’
preference for human partner when responding to an
unsolvable problem

Orsolya Kiss ' « Krisztina Kovacs ' - Fléra Szanth6? - Jozsef Topal *

© Psychonomic Society, Inc. 2018

Abstract

This study investigates whether dogs are able to differentiate between people according to whether or not they show similarities
to their owners. We hypothesized that dogs would show a preference for the “similar” partner when interacting with unfamiliar
humans. After having familiarized with two experimenters displaying different degrees of similarity to their owners, dogs (N =
36) participated in a situation where the desired toy object was made inaccessible in order to find out whether they initiate
interaction with the two partners differently. Two different types of “similarity cues” were used (either alone or combined with
each other): (1) persistent behavioral characteristics (i.e., familiar vs. strange motion pattern and language usage) and (2) an
unfamiliar arbitrary group marker (i.e., one of the potential helpers was wearing clothing similar to that wom by the owner).
Results show that although dogs payed equal attention to the human partners displaying various types of similarity to their owners
during familiarization, they exhibited a visual attention preference for the human whose motion pattern and language usage were
similar to their owner’s in the inaccessible-toy task. However, there was weak evidence of discrimination based on the arbitrary
group marker (clothing). Although dogs” different tendencies to interact with the potential helpers do not necessarily imply an
underlying ability to create social categories based on the degree of similarity between the owner and unfamiliar people, these
results suggest that functionally human infant-analogue forms of social categorization may have emerged in dogs.

Keywords Social categorization - Dog (Canis familiaris) - Dog-human interaction - Similarity cue - Social preference

Many social animals, including humans, have a fundamental
propensity to divide the social world into groups and make
decisions based on in-group/out-group distinctions. Although
there is no reason to assume that nonhuman animals have a full
understanding of these social categories, a crucial aspect of so-
cial categorization is that it may serve the function of mapping
the opportunities and risks of cooperation (Balliet, Wu, & De
Dreu, 2014). Ample evidence suggests that social species have
an evolutionary prewired capacity to identify the members of
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their groups and to select potential co-operators. This capacity
may manifest through different mechanisms, including kin rec-
ognition (an innate ability to detect genetic similarity; Hamilton
1964) and sensitivity to familiarity (capacity to discriminate
familiar from unfamiliar individuals; Hepper, 1986).

One of the challenges that lie in cooperative behavior in
groups is identifying those from a large pool of individuals that
an individual can trust to be willing to cooperate. For this
challenge, the so-called tag-based cooperation may provide a
solution in both human and nonhuman species (Axelrod,
Hammond, & Grafen, 2004). During this, individuals engage
in cooperative behavior with another individual based on
whether they possess a certain indicator of being a good partner
for cooperation (i.e., will not defect, will reciprocate, etc.). These
“tags” are certain phenotypic traits that can guide social prefer-
ences and thus may be viable tags for cooperation (Cohen, 2012).
It is important to note, however, that different phenotypic traits
could serve as a reliable basis for establishing social and
cooperative preferences simply via familiarization with those
cues without forming conceptually rich social categories.

@ Springer

126



127

























































































































































































































































