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ABSTRACT 

Domestic dogs are living with humans in a very special inter-species relationship. Due to 

domestication, dogs have developed a social motivation system similar to that of humans. Such 

human-analogous behaviours in dogs include attachment with infant-like characteristics, early 

manifested sensitivity and preferential attention to 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 way as adults motivate human children. 

In the present work we argue that the domestic dog can contribute to our better understanding of 

human autism, as the atypical functioning of the social motivation system is one of the leading 

symptoms of this 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 similarities between dogs’ and human 

children social signalling and attention modulation in social context. We combine behavioural and 

neurophysiological results with the neuro-hormonal aspects of social sensitivity. 

Together, these findings are in line with the view of previous work, that 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 neurocognitive aspects of human social sensitivity. Next I 

delineate the history of the dog-human relationship by elaborating on the domestication process. 

Furthermore, I present the findings about socio-cognitive abilities and deficits of dogs, with dog-

human parallels in social learning skills and processes. In the third chapter of the introduction, I 

relate the findings about social priming, social categorization and audience effect, areas of dog-

human parallels that have not been studied so far, with reference to the 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. 
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We have divided our results into three 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 a brief abstract 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 up the conclusions. 

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 the socio-cognitive symptoms of human 

autism. Thus, the investigation of dogs contributes to better understanding of the underlying mental 

processes of the Autism Spectrum Disorder.  
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KIVONAT (ABSTRACT IN HUNGARIAN) 

A kutyák a háziasítás következtében számos olyan társas-kommunikációs képességre tettek szert, 

melyek csecsemőszerű módon nyilvánulnak meg az emberrel való interakciók során. A 

funkcionálisan humán-analóg jellegzetességek egyik fontos megnyilvánulása az emberéhez 

hasonló szociális motivációs rendszer. A szociális interakciók ugyanis alapvetően jutalmazó 

jellegűek a kutya számára, motivációs rendszerük következtében pedig a gyerekekéhez hasonlóan 

fogékonyak a viselkedést megerősítő emberi jelzésekre. Egyebek mellett ez teszi a kutyát az 

autizmus kutatás számára jó modell állattá, hiszen a társas motivációs rendszer atipikus működése 

az autizmus egyik vezető tünete. További jellegzetes humán-analóg viselkedés a kutyáknál a 

kisgyerekszerű kötődés, az emberi arc iránti preferenciális figyelem (amely már nagyon korán 

spontán megjelenik), a társas viselkedési szabályok betartására való hajlandóság, illetve az a 

képesség, hogy érzelmileg és fiziológiailag is képes lehet a gazdára hangolódni. Összességében 

elmondható, hogy a korábbi tanulmányok kísérleti eredményei több oldalról is megerősítik azt az 

elképzelést, miszerint a kutyák egyedülálló szociális kompetenciáját az emberrel való együttélés, 

a humán szociális környezet kihívásai nagyban befolyásolták.  

Jelen PhD értekezés célja, hogy jobb betekintést nyújtson az az autizmus spektrumzavarral 

összefüggésben álló szociális érzékenység és a szociális tanulás egyes aspektusaiba, építve mind 

az összehasonlító elmekutatás, mind pedig a fejlődéspszichológia eszköztárára.  

A bevezetés első részében áttekintést adunk a társas kognitív készségekkel kapcsolatos kutatások 

jelenlegi állásáról, különös tekintettel az emberi szociális érzékenység evolúciós szempontjaira és 

neurokognitív hátterére. A második részben bemutatjuk a kutya háziasításának történetét, a kutya-

ember párhuzamokat, illetve a kutyák szociális-kognitív képességeire és hiányosságaira vonatkozó 

elképzeléseket. A bevezetés harmadik fejezetében a szociális ingerek ún. „előfeszítő” hatásával, a 

szociális kategorizációval és a megfigyelési hatással kapcsolatos elméleteket foglaljuk össze, 

kiemelve azokat az eddig megválaszolatlan kérdéseket, amelyekre a kísérletes vizsgálatokban 

válaszokat keresünk. A bevezetés utolsó része áttekintést ad a disszertációban szereplő hat 

tanulmány célkitűzéseiről és az azokban felvetett kérdésekről.  

Eredményeinket három olyan fő tézispontban mutatjuk be, amelyek egyenként a társas előfeszítés 

jelenségéhez, a szociális kategorizációs készségekhez és a megfigyelési hatáshoz kapcsolódnak. 
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Minden tézispont két kísérletes vizsgálatra épít, amelyek az empirikus eredményeinket mutatják 

be. 

A kísérletes vizsgálatok fejezet egy rövid elméleti összefoglaló után a már publikált, illetve a 

közlésre benyújtott vizsgálatokat tartalmazza a megfelelő tematikus sorrendben.  

Az utolsó fejezet a kísérleti eredményeink összefoglalását, következtetéseit, a továbblépés 

lehetőségeit tárgyalja. Eredményeink összhangban állnak a korábbi kutatásokkal, és további 

bizonyítékokat szolgáltatnak arra, hogy a kutyák szociális érzékenységének vizsgálata 

hozzájárulhat a humán autizmus spektrumzavar kialakulásában szerepet játszó kognitív 

folyamatok jobb megértéséhez.  
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Responsiveness to social-affective signals in dogs and humans: 

neurocognitive and comparative perspectives 

I. 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 been studied from various theoretical and methodological perspectives 

and integrates approaches from social psychology and neuroscience. The first approach focuses 

on how people process, store, and apply information about other people in social situations and 

compares human behaviour to nonhuman species of animals. This approach has often emphasized 

the uniqueness of human behaviour, and the uniqueness of the individual person, their adaptation 

to the environment and their social surroundings. The neuroscientific perspective, however, aims 

to describe the brain areas and mechanisms that mediate social life by identifying cortical and 

subcortical regions that are especially sensitive to social situations. 

In short, social cognition can be defined as a complex set of representations of motivational 

and emotional factors: knowledge of self, perceptions of others, interpersonal motivations (Nestor 

et al., 2012). This system is supported by widely distributed networks of diverse brain regions, 

including the temporoparietal junction (TPJ), the temporal sulcus and the temporal pole as well as 

medial prefrontal cortex (mPFC), especially orbital frontal sections (OFC) (Adolphs, 2003; 

Amodio & Frith, 2006). 

The specificity of social brain areas, however, has been long debated. It would be difficult 

to distinguish between particularly social experiences and processes that are prerequisite for social 

cognition, such as the understanding of the other’s intentions or emotions (Amodio & Frith, 2006; 

Saxe, 2006). Most structures that have been shown to be important in emotion processing have 

therefore also turned out to be important for social cognition. Initially the core components of the 

"social brain" were identified in the orbitofrontal cortex (OFC), amygdala, and temporal cortex 

(mainly the superior temporal sulcus - STS) (Brothers, 1990). The medial prefrontal cortex 
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(mPFC) and the anterior cingulate cortex (ACC) also have been identified as relevant for social 

functioning and were added to this original core (Bickart, 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 stimulus as well (Phillips, 1999). 

According to this approach the areas associated with reward processing and reinforcement, such 

as the ventral striatum (VS) and anterior cingulate cortex sulcus (ACCs), might also be involved. 

Behrens and his co-workers (2009) proposed a computational approach claiming that social 

cognition does not have a specific system, but the social context has a measurable effect on activity 

in brain regions associated with reward processing. In this framework, social cognition can be 

conceptualized as the cooperation of two distinct, yet intimately connected brain systems. First, 

the instrumental reward learning system mediates social preference and valuation. Then, the 

perceptual and cognitive mechanisms underlying theory of mind processes becomes engaged when 

the context requires consideration of other people’s intentions (Frith, 2008). The dynamic interplay 

of these cognitive, motivational and neural processes forms the basis for the development of our 

perceptions of self and others as well as our social preferences (Herrmann, Call, Hernández-

Lloreda, Hare, & Tomasello, 2007). 

Recent conceptualizations of the social brain typically describe it as encompassing a 

dynamic and hierarchical system of circuitry involved in simpler forms of more automated 

processing, like the detection of socially relevant stimuli, and partially overlapping circuitry 

involved in higher order processes, like reflecting on one’s own or others’ mental states (Porcelli 

et al., 2019). This approach is in line with the social brain hypothesis (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, specialized brain 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 off, emerging in a wide number of different proposals 

regarding what exactly is special about human social behaviour. Research aiming to unravel social 

skills that are uniquely human has identified several behavioural elements that differentiate us 
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from other species. It has been suggested that human social cognition is strongly connected to the 

exceeding number of individuals that constitute human society and its concomitant complexity.  

Comparative analyses, particularly in primates, have shown that brain size is correlated across 

species with various social and ecological variables, such as social complexity based on bonded 

relationships (Dunbar, 1992; Dunbar & Shultz, 2007). The social brain hypothesis (SBH) was 

proposed initially as an explanation for the fact that primates have unusually large brains for body 

size compared to all other vertebrates (Dunbar, 1998). The quantitative relationship between brain 

size and social group size in primates is more pronounced in the neocortex (Dunbar & Shultz, 

2007). Semendeferi et 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 the cognitive demands of sociality place a constraint on the number of 

individuals that can be maintained in a coherent group (Dunbar & Shultz, 2007). Dunbar and 

Shultz (2007) claim that human intelligence did not evolve primarily to solve ecological problems 

(survival, foraging, rearing offspring), but rather as a means of surviving and reproducing in large 

and complex social groups. Adaptations to the environment arose to solve problems within specific 

contexts, and therefore they are sensitive to intrapersonal, interpersonal, and cultural contexts. 

Living together (with mates and offsprings) make it easier to detect nearby predators, accurately 

react to danger, and locate suitable food sources. The ability to cooperate make important 

contributions to an animal’s chances to survive and leave descendants. A detailed analysis of 

comparative brain data for primates provided further support for the social brain hypothesis 

suggesting that prevalence of prosocial behaviours, specifically pair bonding behaviours, explain 

more variance in brain size than do other types of social complexity (Dunbar & Shultz, 2007). 

Another widely accepted theory (Tomasello, Carpenter, Call, Behne, & Moll, 2005) 

proposes that humans have a unique motivation to share psychological states with others. In this 

approach the shared intentionality, that is the ability to participate in collaborative activities with 

shared goals and intentions, might be a crucial difference between human and non-human 

cognition. One key element of human social behaviour system is undoubtedly the very 

sophisticated communication skills and the motivation to share knowledge, but it is unlikely that 

the development of a single or a few behavioural features determined human social evolution 

(Csányi, 2000). The continuous interactions between the social and non-social environment 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2346523/#bib60
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resulted in multiple epigenetic processes and developed species specific behavioural traits along 

with their underlying cognitive mechanisms, therefore the usage of convergent modelling of 

human social evolution, instead of focusing on a single aspect of human behaviour, would be more 

efficient (Topál, Miklósi, et al., 2009). 

Despite conflicting (or complementary) theoretical proposals the common agreement 

stands that human social cognition can, in one way or another, be considered special, and the 

interest in the topic has turned towards the complex level of similarity between species, 

highlighting the importance of investigating social cognitive processes in a functional and 

evolutionary framework (Miklósi, Topál, & Csányi, 2004; Topál, Román, & Turcsán, 2019). 

1.1.3. SOCIAL COGNITIVE DYSFUNCTIONS (SCD) 

Interpreting social and emotional cues is a central ability in social cognition (Izard et al., 

2001). It consists of a range of cognitive processes that affects our own behaviour and emotional 

states and helps us to understand how others think and feel. The regions identified as the neural 

basis of social cognitive processing are adversely affected in patients with neurological or 

psychiatric conditions (Batista et al., 2017; Fishman, Benedict, Bakshi, Priore, & Weinstock-

Guttman, 2004; Patriquin, DeRamus, Libero, Laird, & Kana, 2016; Plana, Lavoie, Battaglia, & 

Achim, 2014; Seeley, Crawford, Zhou, Miller, & Greicius, 2009), suggesting that social cognitive 

dysfunction may be common across these populations. 

Many of the studies have focused primarily on social impairments in Autism Spectrum 

Disorder (ASD). Neurobiological investigations involving human neuroimaging techniques have 

suggested several potential neural markers for ASD particularly involving brain areas underlying 

social cognition. For example, atypical functional activation of the fusiform face area (FFA) 

(Kleinhans et al., 2008; Spencer et al., 2011), superior temporal sulcus (STS) (Kaiser et al., 2010), 

amygdala (Radua, Via, Catani, & Mataix-Cols, 2011), and disrupted connectivity of the theory‐

of‐mind (ToM) network (Kana, Libero, Hu, Deshpande, & Colburn, 2014) have been implicated 

as markers of ASD. 

Furthermore, social dysfunction is also a hallmark characteristic of schizophrenia, that has 

important implications for the development, course, and outcome of the illness. Impaired emotion 

recognition and ToM skills have been identified as core cognitive deficits (Green, 2016; Kohler, 
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Walker, Martin, Healey, & Moberg, 2009; Savla, Vella, Armstrong, Penn, & Twamley, 2012).  

The vast majority of schizophrenia studies has been focused upon social cue identification and 

face emotion perception and showed that patients tend to have significant impairment in 

understanding and identifying facial expressions of emotion (for a review see Kohler et al., 2009).  

Fett and colleagues (2011) reported that from all the other cognitive domains (e.g. verbal learning, 

memory, reasoning and problem solving, attention and vigilance) ToM had the strongest 

relationship with community functioning, and it was followed by social perception and emotional 

perception.   

Schmidt et al (2011) reported a review of 15 studies of the effects of sociocognitive 

impairments on behavioural dysfunctions in patients with schizophrenia. They found that 

neurocognitive performance (speed of information processing, attention allocation, verbal and 

visual learning and memory, working memory, problem solving) is directly related to social 

cognition and social cognition acts as a mediator between neurocognition and functional outcomes. 

Patients experiencing neurocognitive problems early in the course of illness may develop 

difficulties with interpersonal relations first, and only later develop defeatist attitudes or beliefs 

(Green, Hellemann, Horan, Lee, & Wynn, 2012).  

There is also preliminary evidence that impairments in social cognitive processes 

contribute to decline in psychosocial functioning in other clinical groups. For example, in bipolar 

disorder Aydemir et al. (2013) found that emotion recognition impairments seem to affect remitted 

patients’ social aspects of daily life. In patients living with relapsing-remitting multiple sclerosis 

Phillips et al. (2011) showed specific relationships between emotion perception problems and poor 

social and psychological quality of life. 

More recently, some aspects of emotion recognition have also been proposed to play a key 

role in the onset and maintenance of a range of mood disorders (Penton-Voak, Munafò, & Looi, 

2017). Biases in facial-emotion processing are associated with the development and persistence of 

depression. Treatments that modify negative biases in facial-emotion processing, such as 

antidepressant pharmacotherapies (e.g. selective serotonin reuptake inhibitors) and psychological 

therapies (e.g., cognitive behavioural therapy), can have beneficial effects on depression both in 

clinical and nonclinical depressed individuals (Roiser, Elliott, & Sahakian, 2012). The rapidly 

observable treatment effects may be mediated, at least in part, by associated changes in social 
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perception that facilitate changes in behaviour. The growing evidence that support a causal role of 

biased emotion recognition in depression suggests that behavioural interventions that influence 

social cognition may lead to improved mental health.  

In summary, the investigation of social cognitive dysfunction has become an emerging area 

of interest across a range of developmental, psychiatric and neurological disorders (Baez et al., 

2019; Koppel et al., 2018; Plana et al., 2014). Social deficits, observable in a wide range of clinical 

conditions, potentially represent an underlying domain of dysfunctions across clinical disorders, 

with both functional and clinical relevance (Cotter et al., 2018). 

1.1.4. AUTISM AS A SPECIFIC FORM OF SOCIAL COGNITIVE DYSFUNCTIONS 

When certain communication and social skills do not proceed as expected by the 

environment, and the social interactions are challenged by unusual interests and behaviour, it can 

result isolation. Autism refers to a condition where somebody might be restraint from social bonds 

and avoid social interaction, leaving them isolated. According to the American Psychiatric 

Association (APA, 2013), Autism is a form of neurodevelopmental disorder, characterized by 

marked impairments in social cognition, involving deficits in language, communication, and social 

behaviour. These alterations in social cognition are often accompanied by atypical perceptual 

experience of the world (Robertson & Baron-Cohen, 2017; Tavassoli, Miller, Schoen, Nielsen, & 

Baron-Cohen, 2014) . 

The rate of diagnosis for autism is estimated at 1 in 68 in the United States (Broder-Fingert, 

Brazauskas, Lindgren, Iannuzzi, & Van Cleave, 2014). Autism spectrum conditions affect (two or 

three times) more males than females, or more precisely it is more commonly diagnosed in males 

than females (Loomes, Hull, & Mandy, 2017; Saito et al., 2020). It occurs in all racial, ethnic, and 

socioeconomic groups (Maenner et al., 2020). Initially it has been reported (Durkin et al., 2010), 

that children of more educated parents, living at higher socioeconomic status are the highest risk 

of obtaining an autism diagnosis in the United States, however, the results of King and Bearman 

(2011) show, that in California socioeconomic gradient for autism changes over time. They claim 

that in wealthy neighborhoods, the socioeconomic gradient for autism hit a ceiling around 40 per 

10,000 cases, while in poorer communities, although the probability of diagnosis is at lower rate, 

it increases steadily. Besides, Durkin and colleagues (Durkin et al., 2010) found that the 

racial/ethnic differences in prevalence varied by the socioeconomic status.  
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Before 2013 the fourth edition of the Diagnostic and Statistical Manual for mental disorders (DSM 

4) described autism as one of several pervasive developmental disorders. Autism is currently 

referred to as Autism Spectrum Disorder (ASD) and encompasses previously defined separate yet 

similar disorders like Asperger syndrome, Childhood disintegrative disorder, and pervasive 

developmental disorder not otherwise specified. Asperger syndrome was sometimes referred as a 

high-functioning form of ASD, because generally the language and cognitive skills were not 

affected. Childhood disintegrative disorder was used to describe late onset of developmental 

delays, when the loss of relevant social skills appeared between the age of 2 and 10 years. The 

revised edition of DSM (DSM 5) replaced these terms with the Autism Spectrum Disorder, that 

uses a scale that differentiates based on the severity of the major areas: i) social communication 

and interaction deficits, and ii) unusually strong, narrow interests and repetitive behaviour (Khan 

et al., 2012). Many individuals living with ASD require lifelong support of some kind. 

Currently there are no reliable biomarkers, hence the diagnosis of ASD is currently made 

based on behaviour (through clinical interviews, observation, and secondary reports from parents 

or guardians). Despite the below outlined open theoretical questions and contrasting (or 

complementary) proposals, there is consensus about accepting ASD as a prevalent and strongly 

genetic brain-based disorder that is manifested in serious social learning disability with high 

impact on individual’s life quality. 

1.2. THEORETICAL ACCOUNTS OF AUTISM AND IT’S NEUROCOGNITIVE BACKGROUND  

The competing theories and studies exploring the causes of symptoms associated with 

autism seems to give controversial explanations. One group of such theories conceptualizes autism 

as a domain-specific disorder (Rajendran & Mitchell, 2007) or as a deficit of executive function 

(Ozonoff, Pennington, & Rogers, 1991). There is no apparent core neurocognitive dysfunction 

associated with a single structure that could explain the variety of symptoms observed in ASD.  

The dominant theories of ASD are 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 

Hypothesis of autism 

Mindblindness  

 

lack of theory of mind (ToM) skills, or impairments of 

mentalizing skills (Baron-Cohen et al., 1985) 

The extreme male 

brain theory 

EMB autism features are an extension of stereotypically 

male traits (e.g. systemizing) (Baron-Cohen, Richler, 

Bisarya, Gurunathan, & Wheelwright, 2003) 

Broken mirror theory 

of autism  

BMT dysfunction of the human mirror neuron system 

(Hamilton, 2013) 

Weak Central 

Coherence theory 

WCC people with ASD may be more focused on local rather 

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

Integrated Self-

Categorization 

model   

ISCA dysfunctional self-categorization (Skorich et al., 2016) 

Social Motivation 

Deficit theory 

SMT decreased rewarding value of social interactions 

(Chevallier et al. 2012) 

Atypical Tolerance 

for Prediction Error 

theory or High, 

inflexible precision 

of prediction errors 

in autism 

HIPPEA proposes that the difficulties people with ASD 

encounter in their social life might be caused by 

inflexible social cue processing and by the 

unpredictability associated with the social world (Van 

de Cruys et al. 2013) 

 

Early evidence revealed that individuals with autism lack theory of mind (ToM), a 

condition that is sometimes described as “mindblindness”. Theory of mind refers to the ability to 

understand the mental states, such as intentions, emotions, desires and beliefs of others, and is a 

skill that develops between 3 and 5 years of age in typically developing children (Bauminger-

Zviely, 2013) in Western societies (for potential cultural differences see Henrich et al., 2010). One 

of the earliest tests for theory of mind is the false-belief Sally–Anne test developed by Simon 

Baron-Cohen and Uta Frith (Baron-Cohen, Leslie, & Frith, 1985) and they found that around 80 



16 
 

percent of the autistic children failed the test. The core requirement of passing the test is the 

participant’s understanding that Sally, the main character has her own beliefs about a fictive 

situation, which in turn may not correlate with the observed reality.  

The Autism Spectrum Disorder (ASD) is not just strongly associated with impairments of 

mentalizing skills (Baron-Cohen et al., 1985), but it used to be accepted for decades as the 

dominant explanation in the human developmental psychology literature for a wide variety of 

social communication impairments. According to this approach the innate inability to build an 

appropriate mental model of other minds prevents the child to function effectively within our 

shared culture.  

Several studies have reported atypical neural responses in adults and children with ASD 

relative to controls across a network of regions implicated in mentalizing: posterior superior 

temporal sulcus (pSTS)/temporoparietal junction (TPJ) (Lombardo, Chakrabarti, Bullmore, & 

Baron-Cohen, 2011), medial prefrontal cortex (mPFC) (Castelli, 2002; Happé et al., 1996; 

Murdaugh et al., 2012; Nieminen-von Wendt et al., 2003; Watanabe et al., 2012) and temporal 

poles (Mason, Williams, Kana, Minshew, & Just, 2008; Wang, Lee, Sigman, & Dapretto, 2006). 

These areas have been activated by a wide variety of tasks that all involve representing the mental 

states of others. The mPFC is considered of central importance in ToM. Amodio and Frith (2006) 

propose that this region could be highly implicated in our ability to reason about other people’s 

mind and integrate knowledge about their attributes with ongoing processing of intentions. 

While several behavioural studies have persuasively documented mentalizing impairments 

in autism,  it is worth mentioning that some children with autism pass standardly used false-belief 

tasks (such as Sally-Anne) and there is a growing uncertainty among scientists about the 

importance of the underlying theory-of-mind hypothesis of autism (Tager-Flusberg, 2007). 

The extreme male brain theory (Baron-Cohen, Richler, Bisarya, Gurunathan, & 

Wheelwright, 2003) claims that autism features are an extension of stereotypically male traits, 

such as the tendency to look at things systematically rather than empathetically. This theory is an 

extension of the ToM by weaving in the concept of empathy. In this approach people living with 

ASD lack the more female specific skills, such as the ability to intuit others’ emotional states and 

have a profound tendency to ‘systemize,’ or to recognize patterns and understand natural and 
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technical systems. In line with this notion, brain-imaging studies have revealed anatomical patterns 

in male and female brains consistent with the extreme male brain theory — but the data are not 

uniformly supportive. In one small study, researchers showed that the brains of autistic men and 

women are structurally more similar than those of typical men and women (Beacher et al., 2012).  

Several studies reported atypical or reduced activation of the sensorimotor system in 

response to the observation of another person's motor behaviour in ASD (Bernier, Dawson, Webb, 

& Murias, 2007; Cattaneo et al., 2007; Wang et al., 2006). The inability to interpret social cues, 

along with the poor imitation skills in ASD (Travis & Sigman, 1998) led to the conclusion that the 

dysfunction of the human mirror neuron system (MNS) might have a causal role in the atypical 

social cognition in ASD (Williams, Whiten, Suddendorf, & Perrett, 2001; Williams, Whiten, & 

Singh, 2004). This approach is commonly referred as the broken mirror theory (BMT) of autism 

(Hamilton, 2013).  

The core components of the human MNS that might be involved in the social imitation 

processes are the superior temporal sulcus (STS), the inferior parietal lobule (IPL) and the inferior 

frontal gyrus (IFG) in interaction with the limbic system. Imaging studies have shown that 

observation and imitation of facial emotional expression involve the fronto-parietal mirror neuron 

system, STS, insula and the limbic system (Iacoboni, 2005). The neural correlates of empathy 

involve the interaction of the IFG, right STS, right IPL, anterior cingulate cortex (ACC), 

ventromedial prefrontal cortex (VMPFC), somatosensory cortex, amygdala, precuneus, insula and 

the posterior cingulate (Iacoboni, 2005). Dapretto et al. (2006) demonstrated the lack of MNS 

activity during observation and emotional expression in children with ASD suggesting a role of 

the atypical functioning of MNS in autism-related symptoms. Neuroimaging studies have 

demonstrated reduced activation of Broadman's area (BA) 44/45, the superior temporal gyrus (BA 

22), the right insula and the left amygdala (Baron-Cohen et al., 1999).  

Moreover, the fusiform face area (FFA) (Kleinhans et al., 2008), along with the amygdala 

(Radua et al., 2011) are also highly implicated in socially relevant information processing and 

ASD. More specifically, the amygdala plays an important role in guiding attention to biologically 

relevant stimuli, such as social information conveyed by eyes, faces, or biological motion (Adolphs 

& Spezio, 2006).  
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An additional approach, the ‘Weak Central Coherence’ theory of autism, suggests that 

people with ASD may be more focused on local rather than global features of stimuli ( (Frith & 

Frith, 2006). That is, patients with autism tend to attend to and remember details rather than the 

globally coherent patterns of information (Happé & Frith, 2006). The atypical attentional skillset 

can be reflected for example in enhanced performance in different visual search tasks. People with 

ASD, for example, have been found to perform better in visual search tasks involving the detection 

of conjunctive targets or targets defined by a single feature (Keehn, Müller, & Townsend, 2013; 

Plaisted, O’Riordan, & Baron-Cohen, 1998; Robertson & Baron-Cohen, 2017). The well 

documented deficit in multisensory integration in autism (Bebko, Weiss, Demark, & Gomez, 2006; 

Stevenson et al., 2014), especially in the temporal processing of a visual stimulus when presented 

with an auditory tone at the same time (Brandwein et al., 2013) may provide a further support for 

the Weak Central Coherence theory. 

The neural basis of this theory consists of reduced functional connectivity, stronger local 

than long-range neural connections, and reduced top-down modulation (Belmonte et al., 2004). 

Skorich and colleagues (2016) in their Integrated Self-Categorization model of Autism (ISCA) 

have recently proposed, that processing information in a less integrated manner, consistent with 

WCC, is manifested most of all in dysfunctional self-representations and that social deficits in 

ASD are caused by dysfunctional self-categorization.  

The Social Motivation Deficit theory of autism (Chevallier, Kohls, Troiani, Brodkin, & 

Schultz, 2012) focuses another important aspect of the autism spectrum disorder: the decreased 

rewarding value of social interactions. It is widely accepted that mutual cooperation, maintaining 

relationships and the participation in socio-cultural practices are inherently rewarding (Fehr & 

Camerer, 2007; Leary & Allen, 2011) and people typically enjoy engaging in positive self-

presentation opportunities, and experience participation in collaborative activities as more 

rewarding than solitary activities. The motivation to engage with others over sustained periods 

goes beyond the goal-related outcomes of interpersonal experiences (e.g. learning or teaching how 

to use a tool is rewarding because it allows to accomplish individual goals with it). However, it is 

driven also by the pleasure in social interaction and the experience of belonging to human groups 

that associates with the process of social learning (Meltzoff & Decety, 2003). It has been reported 

that the intrinsic reward value of being similar to others is a distinctively human characteristic 
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(Nielsen, 2008; Syal & Finlay, 2011; Tomasello & Vaish, 2013). However, increasing evidence 

suggests that individuals with ASD do not find the participation in social learning experiences as 

rewarding or salient as do others. Several studies revealed reduced interest and attention toward 

social signals and also decreased efforts in creating and maintaining affiliative bonds (e.g. 

spontaneous imitation, social orienting, joint attention, prosocial behaviour), as well as decreased 

expressions of pleasure in social situations in individuals with ASD compared to neurotypical 

controls (Chevallier et al., 2012; Liebal, Colombi, Rogers, Warneken, & Tomasello, 2008). 

Moreover, the amount of interest shown in non-social versus social stimuli has been found to be a 

predictor of ASD in infancy (Maestro et al., 2005, 2002; Pierce, Conant, Hazin, Stoner, & 

Desmond, 2011). These findings seem to support the notion that social learning difficulties stem 

from the lack of the activation of the intrinsic social reward systems.  

Finally, it is worth mentioning the more recent neurocognitive account of social deficits in 

ASD: the Atypical Tolerance for Prediction Error (ATPE). 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 autism (Sinha et al., 2014). This approach is based on the 

observation that ASD is usually associated with impaired flexible responses to environmental 

contingencies and learning difficulties. In line with these observations it is increasingly assumed 

that behavioural and cognitive inflexibility and rigidity in ASD may result from higher overall 

precision of prediction errors, or a failure to lower the precision when it would be necessary 

(Balsters et al., 2016; Lawson, Rees, & Friston, 2014; O’Neill & Schultz, 2018; van de Cruys et 

al., 2014).  

Although there is a growing body of literature addressing reward learning in ASD, 

relatively fewer ASD studies have directly examined the mechanisms of reward prediction errors. 

Prediction errors can be defined as a mismatch between an expected and a received outcome 

(O’Neill & Schultz, 2018) and have a strong effect on decision making and reward learning 

processes. In other words, the discrepancy between the sensory input and descending predictions 

of that input results in prediction error. If a reward-related outcome occurs according to the 

individual’s prior predictions, the reward becomes associated with the cue, and the subsequent 

behaviour is reinforced and remains unchanged. However, if a reward-related outcome is different 
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than expected, then a positive or negative prediction error will be elicited. These might signal a 

need for adjustment in behaviour and may also facilitate the formation of new associations between 

stimulus or action and reward. It is a fundamental requirement of brain systems to accurately 

manage this mechanism in order to guide efficient adaptation.  

Van de Cruys et al.(2013) proposed that individuals with autism might exhibit high 

precision at the sensory level that results in highly precise priors. The precisely constructed priors 

in autism lead to strong, but overfitted, and non-generalizable predictions. This approach suggests 

that certain ASD symptoms, such as preference to engage in predictable or repetitive tasks, and 

insistence on sameness may reflect anxiety and attempts to minimize environmental 

unpredictability. It is well documented that individuals with ASD have a preference towards 

routines and rituals and have adverse reactions to unexpected, unstable events (Gillott, Furniss, & 

Walter, 2001; Schopler & Mesibov, 1994). This is in line with the assumption that the atypical 

neural responses to prediction errors are associated with ASD symptom severity. Balsters et al. 

(2016), for example, reported that the gyral surface of the anterior cingulate cortex (ACC) signalled 

social prediction errors in typically developing individuals, while this crucial neural signal is 

weakened in individuals with ASD. The degree to which these responses were aberrant correlated 

with overall ASD symptom severity (Balsters et al., 2016). 

There is an increasing number of functional neuroimaging studies that focus on the reward 

system of social learning mechanisms in patients with ASD. These studies have revealed decreased 

frontostriatal activity (Choi et al., 2015), specifically in the ACC, ventral prefrontal cortex (vPFC), 

and ventral striatum (VS) (Scott-Van Zeeland, Dapretto, Ghahremani, Poldrack, & Bookheimer, 

2010) during social reward learning tasks. Increased activation in the ACC, superior and middle 

frontal gyri, and putamen during social implicit learning has also been reported in patients with 

ASD (Schipul & Just, 2016; Schipul, Williams, Keller, Minshew, & Just, 2011). Taken together, 

these findings indicate an atypical pattern of neural processing during reward learning in ASD 

patients, and further support that individuals with autism do not find social stimuli rewarding. 

Given that social partners are probably the most difficult things to predict, deficits in social 

communication can be efficiently elicited in the context of interpersonal interactions. The 

information received in daily social life is inherently probabilistic. It is hard to accurately and 

precisely link causes to sensory inputs in the complex world of social interactions and it is also 
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difficult to inhibit the inherently noisy nature of the situation, especially if one cannot contextualize 

the prediction errors that drive that learning process (Lawson et al., 2014).  

In sum, the Atypical Tolerance for Prediction Error theory proposes that the difficulties 

people with ASD encounter in their social life might be caused by impaired social cue processing 

and by the unpredictability associated with the social world. 
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2. SOCIAL LEARNING - INTEGRATION OF DOGS’ SOCIAL COGNITION WITH THE 

HUMAN COMMUNICATION FUNCTIONS AND DEFICITS  

 

2. 1. THE EVOLUTIONARY EMERGENCE OF DOGS (DOMESTICATION) 

It is widely accepted that domestic dogs (Canis familiaris) have gone a long way in 

adapting to human social-affiliative behaviour and are particularly interesting for the assessment 

of the influence of domestication on cognition and behaviour. As the first and one of the most 

successful domesticated species, the dog spread all over the world and can be found in practically 

every human society. While the early dogs were mainly used for hunting and guarding human 

settlements, dogs are nowadays companions of humans in a wide variety of tasks (Coppinger & 

Coppinger, 2002). Note, that although the majority of the world’s dog population is being “kept” 

unrestricted, dogs did not go feral, and their overwhelming majority constantly lives in the 

anthropogenic environment (Gompper, 2015). This is true also for the biggest proportion of dogs, 

which do not have owners and live on the streets of towns and villages in Asia, Africa and South 

America (“pariah” or “village” dogs) (Coppinger, Coppinger, & Beck, 2017). 

Several authors have proposed that dogs can provide an adequate model for both the 

evolution of human socio–cognitive abilities and studying the underlying neural and genetic 

structures of these behavioural features (Hare & Tomasello, 2005; Miklósi & Topál, 2013; Topál 

et al., 2009).  

The “Domestication Hypothesis” (Miklósi, Topál, & Csányi, 2007) highlights the 

behavioural adaptations that made dogs a good fit for the human environment and claims that 

during domestication dogs evolved an inherent sensitivity to human gestures that their non‐

domesticated counterparts do not share. It is increasingly accepted that a set of ‘social-behavioural’ 

traits that are shared in dogs and humans arose independently via similar evolutionary processes 

(Miklósi & Topál, 2013). This is called convergent evolution, the process by which two distantly 

related species develop the same or very similar solutions to an adaptational problem (Zeder, 

2016). This convergent evolutionary process has the potential to lead to the emergence of unique 

communication abilities in domestic dogs. The transition from a wolf-like ancestor to dog was 

probably driven by adaptations which enabled the dog to overcome the challenges of living in 
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close proximity to humans. Results from archaeological excavations indicate that humans 

domesticated dogs at least 14,000 years ago (Larson et al., 2012), but recent DNA evidence 

suggests dogs diverged from wolves much earlier than that (with estimates ranging from 15,000 

to more than 40,000 years ago) (Botigué et al., 2017; Thalmann et 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 within-population variance. Older dates for the origin of dogs 

are based on molecular studies. More specifically, the examination of mitochondrial DNA 

(mtDNA) sequence data (Gompper, 2015). These methods allowed the detection of divergence of 

allele-dsitributions between populations. As the genetic evidence signals an earlier divergence than 

the fossil record does, this indicates that the proto-dog was anatomically similar to the 

contemporary wolves for a longer time (thousands of years even), but as they were more or less 

genetically isolated already, this indicates that the first main difference between them could be 

behaviour-based. 

Their long term cohabitation with humans and the shared environment added new 

challenges and selection pressures leading to the adaptive specialization of dogs to the human 

environment (Topál, Miklósi, et al., 2009). This early step of an introduction to the human 

environment naturally favoured individuals lacking fear and aggressiveness towards humans and 

those traits were then further selected for during domestication. Thus, the domestication affected 

mostly the stress tolerance and aggression/fear response of the ancestral dog populations allowing 

them to exploit human social environment more successfully. Along with the adaptation, dogs 

subjected to artificial selection for traits that humans considered desirable, causing genetic changes 

that resulted in advanced socio-cognitive skills in the modern domestic dog (Hare & Tomasello, 

2005). Therefore, it seems reasonable to assume that both natural and artificial selection have 

contributed to the evolution of a species whose social skills resemble that of humans.  

Others, however, argue for a developmental approach, that attributes dogs’ exceptional 

communication skill to frequent interactions with humans during a sensitive developmental period 

resulting in the acceptance of humans as social companions. Udell and her colleagues (2010) 

proposed a ‘two-stage model’, called the Two Stage Hypothesis of domestication for the 

emergence of dogs’ social communication. In their approach, they highlight the role of 
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environmental effects, and suggest that differences in social cognitive skills between wolves and 

dogs have their origins only in the environment. They claim that there is no basis to assume specific 

evolutionary adaptation during domestication, the dogs’ adaptation to the human niche is only one 

of many interacting variables that plays role in the formation of dog-like behaviour (Udell, Dorey, 

& Wynne, 2010). According to the Two Stage Hypothesis, the sensitivity of an individual animal 

to human actions depends on acceptance of humans as social companions, and the functionally 

human-analogue social cognition is unnecessary to explain the social behaviour of dogs. 

Undoubtedly, dogs have very sophisticated social skills and the domestication framework, 

focusing on functional aspects of behaviour, proved to be more productive in recent decades. For 

example, Gácsi et al. in their study (2009) shed light on how artificial selection shaped dogs. They 

argued that different aspects of social behaviour, such as enhanced cooperative ability and 

enduring attention have become a core component for the process of breed formation. Pongrácz et 

al. (2005) have shown that some of the dogs' social learning abilities are common in different 

breeds, but not all breeds have been selected to attend to humans, and there is a possibility that dog 

breeds with a different selection-history will show different ability in social categorization. The 

types of work for which different dog breeds have been selected may influence the ways in which 

they interact with humans (Kovács, Kis, Pogány, Koller, & Topál, 2016; Miklósi et al., 2004). 

More specifically, dogs, that have originally been developed for cooperative tasks (‘cooperative 

workers’ – e.g. herding dogs) might be more focused on human signals than the so called 

‘independent worker’ breeds (e.g. sled dogs), that work with no or very little human visual contact 

(Gácsi et al., 2009). Wobber and colleages (2009) compared breeds of domestic dogs for their 

ability to use various human communicative behaviours to find hidden food. They found that 

cooperative worker dogs (e.g. shepherds) use human gaze cues more skilfully than non-working 

breeds (e.g. basenji and toy poodles). Due to their strong genetic differentiation and phenotypic 

variation (Parker et al., 2004) dogs are ideal candidates to study within-species individual 

differences.  

Although the underlying evolutionary factors are still not fully clear, it is increasingly 

accepted that the social cognition of the adult pet dog has many similarities with human infants, 

especially regarding their context-specific responsiveness to human referential signals (Topál, 

Gergely, Erdőhegyi, Csibra, & Miklósi, 2009). 
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2.2. SOCIAL SENSITIVITY IN DOGS 

Although there are many studies demonstrating dogs’ exceptional cognitive abilities when 

interacting with other dogs (Duranton & Gaunet, 2015), nowadays humans are considered the main 

social partner for many dogs, and the human caregiver can potentially replace conspecifics in many 

cases. Therefore, a set of well-developed socio-cognitive abilities in interactions with humans has 

become important for 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 conspecifics (Topál, Kis, & Oláh, 2014; Worsley & O’Hara, 2018). The 

social behaviour of dogs with their conspecifics 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 processing system. Consequently, domesticated dogs are much more flexible in 

developing adequate leaning mechanisms than their wild ancestors (Topál et al., 2019).  

First of all, dogs have exceptional (social) learning skills; they readily follow human verbal 

instructions and are able to learn to associate labels (names) with objects or actions (e.g. Kaminski, 

Call, & Fischer, 2004; Pilley & Reid, 2011). Another important hallmark of dogs’ sophisticated 

socio-cognitive skills is their proficiency in spontaneously following a wide variety of human 

communication gestures. It is commonly accepted that during domestication dogs developed 

unusually good understanding of human cues, compared to other domesticated species (Miklósi & 

Soproni, 2006; Soproni, Miklósi, Topál, & Csányi, 2002) and communicate surprisingly well with 

humans, resulting in a uniquely complex interspecific relationship between the two. This has 

mainly been tested in two-way object choice tasks, where the human experimenter indicates the 

correct (rewarded) location to the dog with a certain type of gestural cue. Dogs show ability to 

follow more salient as well as subtle cues, including pointing at varying distances and for different 

durations, gazing (i.e., turning the head to look at the location), and even glancing (i.e., not moving 

the head, but looking at the location with only the eyes – for a review see Miklósi & Soproni 2006). 

However, Scheider et al. (2011) argued that dogs do not follow the pointing gesture outside the 

context of finding a reward, indicating that they do not perceive the pointing gesture as imperative 

but rather as informative (i.e., indicating the location of the reward). Their results show that dogs, 
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when responding to human gestures take into account contextual information (food-searching 

context vs food absent context) as well as the human's tone of voice. Others, however, 

demonstrated that dogs’ response to human pointing may also reflect an imperative interpretation 

(Kaminski, Schulz, & Tomasello, 2012; Szetei, Miklósi, Topál, & Csányi, 2003).  

Dogs have also been found to initialize human-directed behaviours (e.g., gazing at the 

human, gaze alternation). When facing an unsolvable situation, dogs often look back at their owner 

and this behaviour 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 

behaviour exhibited only by domestic dogs. Miklósi and colleagues conducted comparative 

experiments with two additional species: hand-raised and well socialized wolves (Miklósi et al., 

2003) and domestic cats kept as pets (Felis catus); (Miklósi et al., 2005). Neither wolves nor cats 

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

Most researchers share the opinion that dogs were selected for preferring the eye contact 

with humans and for using this form of social cue as a potential source of information (Miklósi, 

Pongrácz, Lakatos, Topál, & Csányi, 2005). For example, dogs rely heavily on signals given by 

the human eyes and tend to follow the ostensively demonstrated solution of a detour task (i.e. eye 

contact and speak in high-pitched voice) even if a simpler way, a shortcut through the fence is 

available for them (Pongrácz, Miklósi, Kubinyi, Topal, & Csányi, 2003). Other studies have shown 

that dogs follow human pointing from very early ages on (Gácsi et al., 2009), even if they are 

raised in a kennel with limited contact to humans (Hare, Brown, Williamson, & Tomasello, 2002). 

Propensity to make eye-contact with humans has also been found to be crucial in tasks where dogs 

have to base their choice on human communicative gestures and accounts for the failure to follow 

human gestural cues in the case of wolves (Gácsi et al., 2009) and apes (Mulcahy & Hedge, 2012). 

Gácsi et al (2009) found that hand-raised wolves do not follow cognitively more demanding 

pointing styles, like distal momentary pointing at young age and are able to succeed in such tasks 

only after several months of socialization and extensive training. 

Dogs also follow the gaze of a human to a target only if eye contact had been established 

prior to the gaze shift (Téglás, Gergely, Kupán, Miklósi, & Topál, 2012). It is important to mention 

that ostensive-communicative cues are typically used by human adults to address infants and 

children in teaching contexts (i.e., speaking in a high-pitched voice, establishing eye contact). For 
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human infants the ostensive-communicative cue represents an indicator that the communicative 

act – the gazing – was meant to provide information for them. Ample evidence suggests that dogs, 

like preverbal infants, are sophisticated social learners and they have advanced skills to perceive 

and respond to human communicative gestures and emotions (see Topál, Kis, & Oláh, 2014 for a 

review). 

In addition to visual cues dogs can efficiently extract information from vocal intonation 

cues (Colbert-White, Tullis, Andresen, Parker, & Patterson, 2018) and there is some evidence that 

they are also using the owners’ affective cues (Merola, Prato-Previde, Lazzaroni, & Marshall-

Pescini, 2014; Turcsán, Szánthó, Miklósi, & Kubinyi, 2015) in problem solving tasks. Moreover, 

they have the ability to form predictions about the human behaviour through the observation of 

third party interactions (Kundey et al., 2011; Marshall-Pescini, Passalacqua, Ferrario, Valsecchi, 

& Prato-Previde, 2011) and are able to use personal features as cues to discriminate between 

unfamiliar humans in order to find the most likely cooperative human partner (Carballo et al., 

2015). Kundey et al. (2011) reported that dogs can derive and act on information about unfamiliar 

individuals through reputation-like inferences by observing third-party interactions. Dogs, in their 

study, preferentially ate food placed close to a person who had previously allowed a human (or 

mechanical) recipient take it from her, as opposed to food adjacent to a person who had removed 

it when the recipient reached out for it. These results suggest that dogs reliably choose the prosocial 

partner across experiments over the antisocial one. Others (Rooney & Bradshaw, 2006) reported 

that dogs could assess a potential human play partner, according to his/her behaviour towards 

another dog. Given that humans provide dogs different resources (food, shelter), it would be 

advantageous to be able to obtain information by observing their interactions with others. 

Besides, dogs seem to be sensitive to the attentional components of the human gestures: 

they are less likely to engage in forbidden behaviour when the human is looking at them (Call, 

Bräuer, Kaminski, & Tomasello, 2003; Schwab & Huber, 2006) and they produce more facial 

expressions when the human is oriented towards them (Kaminski, Hynds, Morris, & Waller, 2017). 

Kaminski (2009) reported that dogs are sensitive to the human’s visual perspective and approached 

the toy that the human could see in a fetching paradigm. In summary, the above presented studies 

provide further indication that the process of dog domestication in general, and the adaptation of 

dogs’ ancestor to the human social environment  in more particular, led to an increased sensitivity 
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to social interactions with humans, which then allowed them to learn the most effective ways to 

interact with them from their daily experiences. 

 

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

SENSITIVITY TO OSTENSIVE-REFERENTIAL SIGNALLING –NATURAL PEDAGOGY 

Domestic dogs form close and individualized relationships with their human owners, and 

it has been suggested that the relationship between the dog and the owner might represent an infant-

like attachment bond, including the so called ‘secure base’ and ‘safe heaven’ effects (Palmer & 

Custance, 2008; Topál & Gácsi, 2012; Topál, Miklósi, Csányi, & Dóka, 1998).  

For at least 15,000 years, domestic dogs have been closely associated with people. From 

the very beginning of the domestication process dogs faced specific adaptational challenges that 

included living in close proximity to human groups. It is reasonable to assume that only those dogs 

could integrate into a group of people that, despite their cognitive limitations, could somehow be 

able to gain insight into the incredibly complex system of human communication and knowledge 

transfer processes. The goal-directed transmission of knowledge from one person to another 

through play, language, pedagogical and other social exchanges built into cultural practices are 

essential in human communities. Evidently, this has posed a very complex adaptation challenge 

for dogs because the way people exchange information or pass on knowledge to conspecifics is 

very different from those of the animals (and not just because the way we use language). In case 

of domestic dogs, the selection of humans who are most probably open for cooperation or possess 

relevant resources is very important. However, there is a significant difference between individuals 

and breeds in terms of their ability to select valuable knowledge based on their social interaction 

with humans (Jakovcevic, Mustaca, & Bentosela, 2012). 

Social learning has its roots in early infancy. In a broad sense social learning mechanisms 

include all forms of obtaining knowledge, when someone gains information about the environment 

via social interactions (imitation, emulation, stimulus enhancement, etc.) (Csibra & György, 2006). 

In the developmental psychology literature, there is much evidence that children apply selection 

between potential informants based on a number of characteristics (Oláh & Király, 2019). There 

is a mechanism for sharing knowledge that is inherent in humans, the so-called natural pedagogy 
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(Csibra & Gergely, 2009), which enables even young preverbal infants to engage competently in 

the human knowledge sharing and undergoes a profound change in his or her intellectual 

development. Mothers instinctively and routinely use different forms of natural pedagogy to 

interact with their infant practically from the moment the baby is born. 

This is a peculiarly interactive system in which the adult (‘teacher’) who wants to share 

knowledge, initiates an interaction to which the baby (‘naive learner’) responds appropriately. 

There are three distinct parts of this process. In the first step, the ‘teacher’ declares his/her intention 

to share knowledge and communicate (e.g. the mother addresses her baby with a specific 

intonation and makes eye contact with her). Then the ‘teacher’ has to specify the referent (i.e. the 

agent, object or event about which knowledge is manifested). Gaze-shifts, pointing and other 

directional gestures are the basic forms of communications tools for referent assignment. The last 

part of this step-by-step process is the manifestation of the knowledge content about the referent 

(i.e. the mother expresses the specific knowledge intended to be transferred - Csibra & Gergely, 

2009). It is important to note, that the aforementioned ostensive-referential ‘foreplay’ that serves 

to provide an effective guide for naïve learners (i.e. triggers and facilitates a specific attentional 

and receptive learning attitude) is completely lacking in animal social learning.  

Dogs, however, seem to fulfil the operational criteria for being a recipient in “pedagogical” 

knowledge transfer. Increasing evidence suggest that like human infants, dogs are also competent 

receivers of human specific ostensive-referential knowledge manifestations. The solution for the 

dog in evolutionary terms has been to become sensitive to the human communication signals (such 

as eye contact, gaze shifts) and to the pointing gestures. The prerequisite for all of these is that the 

dog finds the stimuli that play a key role in human communication attractive. In this respect, the 

human face and the eyes play a key role. Téglás et al. (2012), for example, found that dogs, 

similarly to human infants, follow a human’s gaze to the indicated location only after having been 

addressed by ostensive-communicative cues. (i.e., speaking in a high-pitched voice, establishing 

eye contact). Ostensive communicative cues have also been found to influence dogs and human 

infants alike in the A-not-B task (Topál, Gergely, et al., 2009). In this task, the reward was hidden 

in the (novel) B location after previously hiding it in the A location several times. When a human 

demonstrator performed the hiding with ostensive-communicative cues, infants and dogs – but not 

hand raised wolves – continued to search for the reward in the A location. Based on a finer analysis 
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of the viewing pattern, we can conclude that the visual scan patterns of dogs are more similar to 

that of 5-month-old infants (Senju, Csibra, Johnson, 2008) and dogs are slower in processing than 

adult people. 

Although dogs and human infants readily grasp the informing feature of human pointing, 

Tauzin et al. (2015) tested whether dogs, like infants, perceive pointing as a signal referring to a 

target object or referring to a location. In their study subjects were presented with two alternative 

object-choice trials. An experimenter first attracted the attention of the dog either by calling the 

dog’s name and looking at it (ostensive condition) or by clapping the hands (non-ostensive 

condition) then pointed at one of two different toy objects. Subsequently, the experimenter 

switched the location of the two target objects in full view of the dogs by grasping the objects and 

making a 180° turn. Their results suggest that dogs’ performance is consistent with the directional 

interpretation of pointing, because at least in the ostensive condition, they selected the cued 

location reliably above chance and tended to ignore the cued object. Generally speaking, dogs, like 

human children, are sensitive to the temporal pattern of ostensive referential communication when 

responding to human behaviour. However, dogs’ understanding of human pointing gesture, is 

similar to that of preverbal infants, because they interpret pointing gesture rather as a location-

directed action and not as an object-directed (imperative) action. 

It is also important to mention that dogs, like preverbal infants, are highly successful in 

using signals that reliably indicate human communicative or informative intentions, even if they 

cannot fully understand the ‘message’ (i.e., the content of this intention). Dogs show a similar 

capacity as toddlers to take into account the attentional state of the audience when manifesting 

gaze alternation behaviours towards them. Namely they tend to alternate their gaze between the 

apparatus and caregiver more frequently when a task becomes unsolvable (Marshall-Pescini, 

Colombo, Passalacqua, Merola, & Prato-Previde, 2013).  

Evidently however, even though dogs have been adapted to live in close proximity to 

humans, they still remained social carnivores; being at a large evolutionary distance from the 

Homo lineage. Therefore, although dogs and humans share particular social skills (as discussed 

above) we have no reason to assume that the underlying mental processes in dogs and human 

infants would be the same and it is still unclear whether initiating communicative interactions and 

sensitivity to the manifestation of communicative intention in others requires some sort of theory 
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of mind. The core point in the evolutionary perspective of functional analogies is that relatively 

simple evolutionary changes occurring at low-level stages of cognitive processing in dogs, together 

with the emergence of an unprecedented flexibility of its behavioural system can lead to qualitative 

changes in social-behavioural skills. Despite the fact that dogs’ innate predispositions help them 

to adequately integrate themselves in almost every human society, the above-mentioned findings 

do not suggest the same cognitive mechanisms underlying the effects of ostensive-communicative 

cues in human infants. For dogs human ostensive signals may simply act as reliable signs for 

anticipating further informative stimuli, and we have no reason to suppose a recognition of the 

‘conceptual bond’ between the communicative and the informative intent of the human (Topál et 

al., 2014). 

Regarding the emergence of dogs’ social skills there may have been three crucial moments 

of domestication (Buttner, 2016). First, specific changes in the neurotransmitter system, second, a 

robust decrease in stress-reactivity (increasing emotional regulation that results in the acceptance 

of the human as conspecific, leading to development of interspecific bonding), and third, a 

decreased aversion to potentially threatening social stimuli, such as eye contact. The reduction of 

stress responsivity and aggression made enabled the dog to observe the human face and gaze and 

thus learn about their 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 emergence of social 

competence, the oxytocin (OXT), a peptide of nine amino acids, undoubtedly appears to be one of 

the promising candidates. There is ample evidence to suggest that the oxytocin has a key role in a 

wide range of human social cognitive and emotional functions. (e.g. Lee, Macbeth, Pagani, & Scott 

Young, 2009). First, oxytocin plays a dual regulation role of the central nervous system: this 

peptide can act as a neurohormone as well as a neurotransmitter. As a hormone, OXT regulates 

social-emotional behaviour (Heinrichs, von Dawans, & Domes, 2009), while it plays an important 

role as a neurotransmitter in stress regulation (Neumann, 2002), and in regulating the reward value 

of social stimuli (Dölen, Darvishzadeh, Huang, & Malenka, 2013).  
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Furthermore, OXT can also serve as an important factor in controlling the focus of attention 

and in mobilizing cognitive resources to deal with social situations – both in terms of evolutionary 

and individual development. Evolutionary changes in the oxytocin system presumably played an 

important role in hominization (Carter, 2014), as many studies suggest that it effectively modulates 

the processing of social stimuli in humans, fine-tuning behaviours and decision-making 

mechanisms activated in social situations. Thus, OXT has the potential to "intervene" at many 

points in the regulation of human behaviour that characteristically differs from that of non-humans 

(Carter, 2014). 

OXT produced in the hypothalamus, contributes to the regulation of the activity of the 

hypothalamo pituitary-adrenal (HPA) axis to attenuate stress response (Neumann, 2002) and it 

induces potent physiological anxiolytic effects by decreasing cortisol levels, inhibiting 

cardiovascular responses to stress, and attenuating amygdala responsivity to emotional stimuli 

(Domes et al., 2007; Rodrigues, Saslow, Garcia, John, & Keltner, 2009). It has also been suggested 

that OXT might improve emotion recognition by directing attention to the eyes, and increasing the 

exploration of the central triangle region (eyes, nose, and mouth) of faces in humans (Guastella, 

Mitchell, & Dadds, 2008; Schyns, Petro, & Smith, 2009). Based on this finding we could expect 

that looking at the eye region improves emotion recognition, because this region conveys the most 

relevant cues for emotion discrimination, and there is a general relationship between the oxytocin 

system and looking at the eyes/face of humans. However, Lischke et al. (2012) have questioned if 

such a relationship exists. Their findings suggest that oxytocin-induced improvement of facial 

emotion recognition is independent of modulations in overt visual attention. 

The fact that both the hormone and its receptor are present in mammals and other taxa 

suggests that the OXT system is evolutionarily highly conserved (Donaldson and Young, 2008). 

Comparative approaches to studying different species revealed that OXT has an important role in 

regulating pair bonding (Insel & Hulihan, 1995), social contact (Bales & Carter, 2003), 

maintenance of monogamous relationships (Scheele et al., 2012) and parental care (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 role in modulating higher level social 

cognitive functions such as emotion regulation (Rodrigues et al., 2009) or attachment (Donaldson 

& Young, 2008).  
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As regarding dogs, increasing evidence suggests that OXT plays a key role in modulating 

dog-human interaction (Kis, Ciobica, & Topál, 2017; Kovács, Kis, Kanizsár, et al., 2016; Kovács, 

Kis, Pogány, et al., 2016; Kovács et al., 2018). Comparative analysis of the oxytocin receptor 

(OXTR) gene polymorphism in dogs and humans revealed a high degree of similarity between the 

two species (Marx, Arany, Rónai, Antal, & Sasvári Székely, 2011). Based on the results of recent 

studies (Bence et al., 2017; Kis et al., 2014; Kovács et al., 2018; Oláh et al., 2017) it appears that 

some variants of the OXTR gene are associated with different manifestations of the human-

directed social behaviour in dogs. A recent study (Kovács et al., 2018) provides evidence that 

genetic variations in dogs' OXTR gene (-213AG, -74CG and -94TC) are associated with their 

attachment behaviour to their owners.  

The results of Handlin et al. (2011) show that even a short-term interaction between a dog 

and its owner is associated with a significant increase in oxytocin and cortisol levels in the dog. In 

their study oxytocin levels were measured in blood samples collected before, during, and after a 

short-term interaction between dogs and their owners. Another study (Mitsui et al., 2011) 

measuring the urinary concentration of oxytocin using radioimmunoassay, found that positive 

emotion or a feeling of safety have increased oxytocin production in dogs compared to baseline 

similarly to other reinforcing treatments, such as eating and exercising. Different interactions 

might result in changes in OXT levels. Rehn et al. (2014), for example, investigated three types of 

interaction (physical and verbal contact, verbal contact only and mere presence – ignoring the dog) 

initiated by a familiar human after a period of separation. According to their results the type of 

reunion (i.e. the human’s return) affected the endocrine and behavioural responses of the dog. 

Dogs, that received both physical and verbal contact during the reunion phase continued to display 

elevated oxytocin levels for longer duration. However, the eye contact with a familiar person alone 

was enough to stimulate oxytocin release. 

Oxytocin has been shown to play a role in regulating a wide range of social behaviour in 

dogs. It has been reported that intranasally administered OXT (i) modulates social motivation to 

approach and affiliate with conspecifics and human partners (Romero, Nagasawa, Mogi, 

Hasegawa, & Kikusui, 2014), (ii) modulates dogs' response to threatening cues (Hernádi et al., 

2015), (iii) enhances performance using momentary distal pointing task (Oliva, Rault, Appleton, 

& Lill, 2015), (iv) decreases aversion to gazing cues (Oliva et al., 2015), (v) induces positive 
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expectations (judgement bias) about ambivalent stimuli (Kis, Hernádi, Kanizsár, Gácsi, & Topál, 

2015a) and (vi) increases eye-gaze behaviour toward their caregiver (Nagasawa et al., 2015). 

Intranasal administration of oxytocin also appears to affect biological motion perception in dogs 

(Kovács et al., 2016). The authors found that different aspects of the dog’s personality 

(Neuroticism and Agreeableness) modulated the effects of OXT treatment on biological motion 

perception, highlighting the role of individual characteristics in the behavioural response to 

oxytocin treatment. 

In sum, oxytocin plays a highly complex role in modulating dog-human interactions, 

however, both the dog and human intranasal oxytocin research still suffers from several 

methodological discrepancies (studies have administered different doses of IN-OXT - ranging 

from 12 IU to 40 IU and waiting periods after the treatment also vary - from no waiting period to 

45 min) (Kis et al., 2017).  

 

2.5. DOG-HUMAN PARALLELS IN SOCIAL BEHAVIOUR DISORDERS 

Although dogs are highly social animals, undesirable behaviours are relatively common among 

domestic dogs. Several forms of aggressions, digging, barking and marking are natural behaviours 

of dogs to a certain extent. However, various forms of behaviour can become problematic the when 

animals live in human communities. Examples include mouthing, urine marking, mounting, 

excessive barking and howling, chewing, play biting, stealing food, chasing, separation anxiety, 

urinating and defecating inside, growling and biting, resource guarding, leash aggression and 

pulling, running away, and excessive licking. These may have developed as a result of genetic 

factors, stressful perinatal environment, insufficient early socialization, medical conditions 

affecting development, or particularly traumatic environmental events (Yamada, Kuze-Arata, 

Kiyokawa, & Takeuchi, 2019) . 

Social deficits are often manifested in different ‘behaviour problems’ that can be a significant 

source of distress for dog owners and this is the most common reason why owners hand their dogs 

in to animal shelters. For example, excessive barking, or a combination of howling, whining, 

whimpering may become problematic and disrupt a previously stable human-companion animal 

https://www-sciencedirect-com.stanford.idm.oclc.org/topics/psychology/oxytocin
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bond (Juarbe-Diaz, 1997). When left at home alone, a dog with separation anxiety disorder will 

often bark excessively and this prompt neighbours to make a complaint about the dog’s behaviour 

(note that owners may not even be aware their dogs are barking when they are away).  

In addition to excessive vocalization, separation-panic symptoms may also manifest itself 

in several ways (destructive behaviour, restlessness, inappropriate urination and defecation, hyper-

salivation, escape attempts or inactivity – Overall, 1997). Separation anxiety was initially 

described by Bowlby (1960) from an evolutionary perspective suggesting that human children and 

young primates exhibit similar patterns of distress patterns when separated from their caregiver 

(attachment figure). While some researchers attributes this behaviour to dogs’ dysfunctional 

attachment relationships with their owner (Konok, Dóka, & Miklósi, 2011; Parthasarathy & 

Crowell-Davis, 2006), several studies have pointed to the role of possible risk factors for 

separation anxiety, such as the sex (McGreevy & Masters, 2008), breed (Flannigan & Dodman, 

2001), family structure or housing conditions (Beerda, Schilder, Van Hooff, De Vries, & Mol, 

1999). There is, however, no consistent agreement among researchers about the possible risk 

factors for separation anxiety.  (for a review see Ogata, 2016)  

Two other terms are worth mentioning in this respect: hyper attachment and over-

attachment. These terms are often used for describing dogs that are exhibiting constant contact-

seeking behaviours. It can be characterized by staying constantly close to the owner, following 

and trying to maintain physical contact with the human caregiver. Dogs express distress behaviour 

to departure cues of the owner and become anxious when are detached from the owner even being 

in the same room (Appleby & Pluijmakers, 2004). An additional type of anxiety disorder has been 

described as generalized anxiety (Overall, 1997), with symptoms similar to those exhibited by 

humans and obsessive compulsive disorder (Overall, 2000) was also described in dogs. 

Moreover, studies investigating dogs’ attention deficit and hyperactivity (Hoppe, Bininda-

Emonds, Gansloßer, & Doz, 2017; Vas, Topál, Péch, & Miklósi, 2007) reported ADHD-like 

behaviour in dogs and several studies explored the genetic underpinnings of this disease (Hejjas et 

al., 2009, 2007; Ito et al., 2004). Studies also show that inappropriate socialization with humans 

(insufficient physical contact with people during the sensitive period) and traumatic experiences 
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are frequent causes of fear induced aggressiveness (Landsberg, Hunthausen, Ackerman, & 

Landsberg, 2013). 

It is also increasingly suggested, that dogs provide a promising animal model for the study 

of autism spectrum disorder (Topál et al., 2019). The authors propose that the behavioural 

(evolutionary) convergences between dogs and humans make dogs especially suitable for studying 

the relevance of the social motivation deficit theory and the atypical tolerance for prediction error 

concept (see 1.2.5 above) in ASD-like behaviours. This is so, because dogs have evolved a highly 

flexible information processing system (in response to challenges of adaptation to human 

environment). This means that they are able to tolerate the prediction error at a high level in diverse 

and complex social learning situations. However, dogs that are highly sensitive to environmental 

disturbances and thus cannot properly respond to violations of their predictions (i.e. having a low 

level of tolerance for prediction error), may face similar challenges in their social interactions to 

children with autism spectrum disorder (Topál et al. 2019). 

However, the extent to which dogs are open to establishing and maintaining contact with 

humans may vary between breeds and individuals and thus different breeds may be differently 

susceptible to developing ‘autistic-like’ behavioural traits (Topál et al. 2019). It has been shown 

for example, that Bull terriers, due to their breed-specific behavioural habits, may be particularly 

suitable for modelling autism (Tsilioni et al., 2014). Many of the bull terriers show a strange 

behavioural symptom of repetitive tail chasing (Dodman, Bronson, & Gliatto, 1993). This 

behaviour is largely similar to the stereotypic movements of children with autism (hand flapping, 

rocking, spinning) and also shares some similarities with symptoms of the human obsessive-

compulsive disorder (involuntary movements, hand waving, body rocking, or head banging). This 

behaviour seem to serve as a response to difficulties that the child (or the dog) has in properly 

coping with the environmental changes (e.g. sudden unexpected stimuli etc. – Spratt et al., 2012). 

This is supported by the finding that tail-chasing behaviour occurs more frequently in unexpected 

stressful situations. Others argue that epigenetic factors also contribute to the emergence of such 

behaviour (Moon-Fanelli, Dodman, Famula, & Cottam, 2011). The manifestation of other 

associated behavioural issues, such as aggression, seizures and ‘trancing' (exhibiting a fixed stare 

and associated immobility) are more frequent after some precipitating (unexpected and stressful) 

event (Dodman et al., 1993).  
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Tail chasing and related symptoms in Bull Terriers are first manifested at a very early age 

(8 weeks of age) and are more typical in male dogs. The behaviour is usually triggered by 

frustration and these dogs 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 dogs may be impossible to train). In many cases 

they have other associated repetitive behaviour patterns, such as flank sucking and circling, they 

tended to stare at something motionless, showing fixation on objects (trancing) and their social 

interactions frequently result in aggressive behaviour (Tsilioni et al., 2014). 

In summary, accumulating evidence indicates that the dog is a promising model species to 

study human-analogue manifestations of social behaviour disorders (Bunford, Andics, Kis, 

Miklósi, & Gácsi, 2017) as well as the genetic background of certain psychiatric conditions 

(Dodman et al., 2016; Parker, Shearin, & Ostrander, 2010).  

 

3. SPECIFIC ASPECTS OF SOCIAL LEARNING PROCESSES: PRIMING, AUDIENCE 

EFFECT AND SOCIAL CATEGORIZATION SKILLS 

 

3.1. PRIMING EFFECTS OF SOCIAL STIMULATION
1 

The priming effect in the field of social cognition usually means that we present some 

specific stimuli to the subject with the aim of activating a particular concept, category, or emotion 

and then measure the outcome of the prime on performance in some other context (Wheeler & 

DeMarree, 2009). This methodology was initially based on the idea, that the human mind is 

organized as networks of associations and activating a specific concept automatically recalls all 

the associated information, memories, attitudes or affections. 

 

1 This chapter is based on: Oláh, K., Elekes, F., Turcsán, B., Kiss, O. & Topál, J. (2016). Social Pre-treatment Modulates 

Attention Allocation to Transient and Stable Object Properties. Front. Psychol.,| https://doi.org/10.3389/fpsyg.2016.01619 and 

Galambos, Á., Gergely, A., Kovács A. B., Kiss, O. and Topál, J. (2020). Affect matters: positive and negative social 

stimulation influences dogs’ behaviour in an instrumental helping situation, Appl. Anim. Behav. Sci. (Submitted manuscript). 

 

https://doi.org/10.3389/fpsyg.2016.01619


38 
 

Priming techniques were among the earliest methodological approaches in the field of 

social cognition. This methodology, in a broad 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 

see Bargh, 2006). Although most of these studies link a specific prime with a highly correlated 

concept or behaviour - e.g., the concept of "rudeness" as prime and subsequently interrupting the 

interaction partner more frequently (Bargh, Chen, & Burrows, 1996). In certain cases, more 

general concepts may effectively prime behaviour. 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 priming effect is also a well-documented evidence of how dynamically and adaptively 

the human cognitive system functions. Under certain conditions (frequent co-occurrence of 

stimuli, memory recall cues) the whole system can be tuned to react sensitively to the relevant 

information. Since the human information processing system is continuously exposed to a series 

of stimuli, of which only a small portion can be effectively processed, it is crucial to select the 

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 system (Csibra & Gergely, 2009, 

2011).  

According to 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 gaze (Farroni, Csibra, Simion, & Johnson, 2002). This 

theory proposes that humans are born with a specialized mechanism that makes them sensitive to 

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. The communicative 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 usage of ostensive cues) than when the demonstration does not 

use these elements (Futó, Téglás, Csibra, & Gergely, 2010; Király, Csibra, & Gergely, 2013; 

Southgate, Chevallier, & Csibra, 2009). The 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 non-ostensive 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 behaviours were presented to them in a non-

ostensive context. 

Ostensive communication directs attention 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). This allows us to be freed from the bounds of the "there-and-

now" and thus lays the ground for a number of higher-order functions, such as symbolic thinking.  

3.1.1. Social priming – people with ASD 

It has been revealed by eye tracking studies that children with ASD show decreased interest 

and attention to social stimuli (Chawarska, Macari, & Shic, 2012, 2013; Shic, Bradshaw, Klin, 

Scassellati, & Chawarska, 2011; Webb et al., 2010). It has been suggested that children with ASD 

have decreased sensitivity to ostensive cues or fail to detect the signals indicating that someone 

else is intending to communicate with them (Falck-Ytter, Bölte, & Gredebäck, 2013). 

Unfortunately, little is known about the impact of social cues, and especially ostensive cues on 

people with autism spectrum disorder. A recent study (Schuwerk, Bätz, Träuble, Sodian, & Paulus, 

2019) using an adaption of the change detection task (see Marno et al., 2014) found that 10 year 

old children with ADS and neurotypical control participants show similar task performance and 

sensitivity to ostensive cues. A recent case study explored the frequency and types of ostensive 

cues used by two mothers to gain their infants’ attention and compared the responses of their 

infants (a typically developing infant and an infant who was diagnosed with ASD) (Shizawa, 

Sanefuji, & Mohri, 2012). The authors reported that the mothers used ostensive cues in a very 

different manner: the mother of the autistic child used more salient ostensive cues, more frequently 

and more directly, while the infants’ responses to their mothers’ cues were similar. Thus it seems 
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that mothers of children with ASD tend to compensate for their child’s social deficits by more 

directive behaviour in their interactions. 

There are only a few additional studies in the literature focusing on the effects of priming 

in a broader sense on social behaviour in patients with ASD. Gengoux (2015), for example 

explored the effects of a relatively short (10-30 min) social priming intervention (one-on-one 

playing) with an adult on the social initiations made by children with autism. The results show that 

priming sessions could increase children’s motivation to interact with peers by making frequent 

initiations and facilitate peer-directed verbal statements during free play times even one day after 

the priming session. In another study (Cook & Bird, 2012) participants were asked to re-arrange 

sentences with either pro-social attitude or non-social attitude related content, and then tested for 

imitation. The authors reported that participants primed with words promoting pro-social attitudes 

showed better imitation performance than participants primed with words promoting non-social 

attitudes. Importantly, however, such differences between pro- and non-social groups could not be 

detected in the group of high-functioning adults with ASD. 

Although priming may be a particularly interesting approach for understanding the spontaneous 

social behaviour, it remains to be clarified whether atypical social priming effects play a prominent 

role in the symptomatology of ASD.  

 

3.1.2. Social priming – nonhuman species 

Although many assume that the above examples of social priming are based on uniquely 

human skills (Tomasello et al. 2005; Shteynberg 2010), non-human 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 above, domestic dogs have recently been suggested to be an 

ideal model of human social behaviour as they show several functionally human-like social skills 

and appear human-tuned in their social behaviour skills. This enables them to achieve a higher 

level of synchronization 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 performing functionally equivalent ‘imitative’ response (Fugazza and 

Miklósi 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 (Turcsán et al. 2014) and there is also empirical evidence 

suggesting empathy-based emotionally connected yawn 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 ostensively cued human demonstrations (Kupán et al. 2011) and they are 

also willing to ignore their ‘natural’ preference for the larger amount of food after having seen a 

human’s explicit preference for a smaller quantity (Prato-Previde et al. 2008). Recent evidence 

also indicates that affect-laden social experiences has the potential to influence dogs’ physiological 

variables and sleep macrostructure (Kis et al., 2017). While the aforementioned studies provide 

solid evidence for dogs’ human-like susceptibility to social influence, it still remains unclear 

whether their subsequent behaviour could be influenced by affiliative stimuli (eye-contact, 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 stimuli (perceptual categorization), 

and form our representations based on categories (conceptual categorization), but humans tend to 

place others and themselves into categories called social groups (social categorization). The social 

groups are created on the bases of common characteristics between people. According to the 

principle of cognitive efficiency (Hoffman, 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 categorically, even young infants are able to categorize 

certain stimuli. Quinn and Johnson (2000) reported, that infants 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 development is mainly caused by the increase in knowledge and not by the 

 
2 This chapter is based on: Kiss, O., Kovács, K., Szánthó, F., & Topál, J. (2018). Similarity between an unfamiliar 

human and the owner affects dogs’ preference for human partner when responding to an unsolvable problem. Learn 

Behav 46, 430–441 https://doi.org/10.3758/s13420-018-0337-y 

Kiss, O., Oláh, K., Fehér, L. J., & Topál, J. (2020) Social categorization based on permanent vs transient visual 
traits in neurotypical children and children with autism spectrum disorder. (submitted manuscript) 

https://doi.org/10.3758/s13420-018-0337-y
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application of more complex and elaborated categorization strategy (Needham, Cantlon, & 

Ormsbee Holley, 2006; Quinn, Yahr, Kuhn, Slater, & Pascalis, 2002). 

According to the traditional view of object perception literature, categorization skills move 

from an initial global processing to analytical processing (Keil, 1989; Kemler Nelson, 1989). There 

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 category. Younger’s 

results (2003) confirmed that the analytical ability appears already in the early infancy. In infants 

aged between 4–10 months, using the preferential looking paradigm, he showed that it was not the 

global similarity traits, but certain characteristics of the objects that were dominant in the 

categorization process. In their experiments categorization based on global similarity traits means 

the formation of broader categories, that includes the initially familiarized categories as well as 

other perceptually similar objects. In contrast to the “basic level” categorisation, that requires a 

more focused attention on details, and therefore results in narrower categories and sharper category 

boundaries (Younger & Fearing, 2000). 

Category-based social preferences emerge early in development, young infants' 

categorization performance stems more likely from familiarity with phenotypic characteristics 

(e.g. language, accent etc. – Kinzler & Liberman, 2017) rather than from a sophisticated 

understanding of ingroup/outgroup distinction (for a review see Anzures, Quinn, Pascalis, Slater, 

& Lee, 2013). For example, preverbal infants prefer speakers of their native language (Kinzler, 

Dupoux, and Spelke, 2007), and, when raised in a racially homogeneous environment, they prefer 

to look at faces of their own race (Bar-Haim, Ziv, Lamy, & Hodes, 2006). It has also been reported 

that both 9- and 14-month-olds prefer individuals who harm dissimilar others over those who help 

them (Hamlin et al., 2013). Furthermore, when 3- to 4-year-olds are shown photographs of 

unfamiliar own-race children paired with other-race children and asked which one they would like 

to choose as a friend, they show no racial biases in their choices (Shutts, 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 other-race than own-race peers as classmates whom they like the least 

(Ramsey & Myers, 1990). Others found that three-year-old children tend to select similar and 

familiar informants – over dissimilar and unfamiliar ones – as information sources (Reyes-Jaquez 

& Echols, 2013) and are more likely to generalize object functions to a category of artefacts after 
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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 tool (Oláh, Elekes, Peto, Peres, & Király, 2016).  

Generally speaking it seems that preverbal infants and young children generate 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 assignment (Mahajan & Wynn, 2012). These 

results suggest that 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 categorization – people with ASD 

As mentioned above, it is widely accepted that the social-cognitive abilities of individuals 

with ASD are significantly impaired, yet little is known specifically about how it affects social 

categorization. Available evidence suggests that individuals with ASD have difficulty integrating 

information and display impairments in categorizing new information, especially in forming 

prototypes during category learning (Klinger & Dawson, 2001). It is reasonable to assume that the 

impairments in general categorization abilities among patients with 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 inferences about other people, to understand and predict their behaviour. It is 

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 social situations 

difficult to process for people with ASD, as they tend to form hyperspecific prototypes, and only 

accept those items that fit the category perfectly (Church et al., 2010).  

 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 (Kliner & Dawson, 2001; Gatsgeb et al., 2012; Minshew, Meyer & Goldstein, 2002). 

These findings have been connected to the ‘weak central coherence’ theory of autism which 

suggests that people 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 (Baron-Cohen et al., 1985) may also be 
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related to individuals’ tendency to focus more on the lower levels of hierarchically organized social 

categories. They proposed that difficulties with social interaction experienced by people with ASD 

may be explained by their poor social categorization skills. In fact, self-categorization has crucial 

role in the formation of the social-identity (Turner, Oakes, Haslam, & McGarty, 1994) and 

integrates both the processes of social stimuli (social perception) and the usage of social 

categorization cues in order to define him-or herself as a member of a group based on the actual 

social context (Skorich & Mavor, 2013). In line with these, people on the high end of the autism 

spectrum are more likely to process social information at a localized rather than a global level. 

Difficulties in social categorization could also be associated with a decreased sense of 

belonging to a particular social group, thereby reducing social identification (Cooper, Smith, & 

Russell, 2017). Research aiming to unravel ingroup-outgroup preferences in ASD found that 

people with autism tend to show less ingroup favouritism, and identified less with their ingroup 

than neurotypical individuals (Bertschy, Skorich, & Haslam, 2019).  

Although these findings provide evidence that social categorization might have an 

important role in autism related social deficits, as of yet, empirical evidence about social 

categorization in ASD is scarce and indirect and the underlying mechanisms still remain to be 

answered. 

3.2.2. Social categorization – nonhuman species 

Besides humans, many social animals have a fundamental propensity to divide the social 

world into groups and make decisions based on ingroup/outgroup distinctions. In case of non-

human animals, a crucial aspect of social categorization is that it may serve the function of 

exploring the opportunities and risks of cooperation (Balliet, Wu, & De Dreu, 2014). Results of 

previous studies suggests that social species have an evolutionary pre-wired capacity to identify 

the members of their groups and to select potential cooperative partners. This capacity may 

manifest through different mechanisms, including kin recognition (an innate ability to detect 

genetic similarity) and sensitivity to familiarity (ability to discriminate familiar from unfamiliar 

individuals –Hepper, 1986). 

One of the key elements of cooperative behaviour in group is identification of those 

individuals who are reliably willing and able to cooperate. For this challenge, the so-called “tag-
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based cooperation” may provide a solution in both human and non-human species (Axelrod, 

Hammond, & Grafen, 2004). Accordingly, individuals engage in cooperative behaviour 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 represented by certain 

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 forming conceptually rich social categories. 

Ample evidence suggest that non-human species are able to classify conspecifics as 

familiar or unfamiliar, ranging from primates (Perrett, Mistlin, & Chitty, 1987), rodents (Ferguson, 

Young, & Insel, 2002) and birds (Vignal, Mathevon, & Mottin, 2008) to microbes (West & 

Gardner, 2010).  

Familiarity can increase social tolerance between individuals (Lodé, 2008), and it may also 

be an important factor of mate choice (Randall, Hekkala, Cooper, & 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. Chimpanzees (Pan troglodytes), for example, tend to yawn more in 

response to watching videos presented yawns by familiar than unfamiliar chimpanzees 

demonstrating familiarity bias in contagious yawning (Campbell & de Waal, 2011). A similar 

phenomenon appears to occur in domestic dogs (Canis familiaris); they tend to yawn more 

frequently when watching their owners performing a yawn than unfamiliar human model (Romero, 

Konno, & Hasegawa, 2013). Studies also found a tendency toward higher prosocial behaviours in 

dogs when the conspecific is familiar than when it is a stranger (Dale, Quervel-Chaumette, Huber, 

Range, & Marshall-Pescini, 2016; Quervel-Chaumette, Dale, Marshall-Pescini, & Range, 2015).  

In sum, although there is ample evidence to suggest that social preference for ingroup 

members is one of the central aspects of human behaviour from 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 co-operators and whether the perceived level of similarity to the caregiver has an 

influence on dogs’ social preferences. Moreover, the available research evidence is insufficient to 

determine whether dogs’ social preferences are simply driven by familiarity (i.e. dogs – like human 
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infants – develop preferences based on persistent behavioural characteristics such as language 

usage) or, like in older children, novel arbitrary group markers (e.g. clothing cues) can also guide 

dogs to select certain prospective social partners over others. 

 

3.3. AUDIENCE EFFECT3 

In the past few years different cognitive frameworks have been proposed to account for 

audience effect in humans. All of these explanations presume some degree of consciousness 

(Bond, 1982), mentalizing (Hamilton & Lind, 2016), representation of self-concept and the desire 

to make a positive impression on others (Richard & Lajiness-Oneill, 2015). 

Obviously, the ability to monitor others visual attention is of crucial importance in human 

communication. Since the early experiments of Triplett (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 has developed from social facilitation (Allport, 1920) to audience effect 

(Zajonc, 1965) and monitoring pressure (Aiello & Douthitt, 2001; Belletier et al., 2015), 

highlighting different aspects of the phenomenon. The early observation that other people’s 

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, 2013) and more open for cooperation (Burnham, 2003; 

Burnham & Hare, 2007; Haley & Fessler, 2005). However, another individual’s presence might 

also lead to poor performance in difficult tasks requiring attention control, due to the increased 

peer pressure (Baumeister & 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 Zajonc (1965), 

and it assumes that the mere presence of other people leads to increased arousal level, which in 

turn enhances the occurrence of dominant behaviour responses. According to his observations 

 
3  This chapter is partly based on: Kiss, O., Kis, A., Scheiling, K. & Topál, J. (2020). Behavioral and 

neurophysiological correlates of dogs’ individual sensitivity to being observed by their owners while performing a 

monotonous task Submitted manuscript; Kiss, O., Topál, J. (2020) How do dogs monitor the human’s attentional 

state after challenged by the presence of forbidden food?. BIOLOGIA FUTURA 70, 103–111. https://doi-

org.stanford.idm.oclc.org/10.1556/019.70.2019.13 



47 
 

when the task is familiar, well-practiced and 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 acquisition of new competencies (Zajonc & Sales, 1966) 

(Zajonc & Sales, 1966). The social comparison theory originates from Cotrell 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 (self-presentation; (Baumeister, 1982) and try please those who 

are observing their behaviour (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 

of performance. This so called “choking under pressure” theory (Belletier et al., 2015) generated 

a large body of research leading to cognitive theories and explanations relating to different 

executive attention levels. On one hand the task-irrelevant worries can distract the attention from 

the task being performed (Beilock & DeCaro, 2007; Gimmig, 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 play an important role in the differential 

diagnosis of autism. Previous studies have shown that children diagnosed with autism perform 

specific tasks differently compared to the typically developing children, when someone observes 

them (Chevallier et al., 2012; Chevallier, Parish-Morris, Tonge, Le, Miller, Schultz, et al., 2014; 

Hamilton & Lind, 2016; Izuma, Matsumoto, Camerer, & Adolphs, 2011; Scheeren, Begeer, 

Banerjee, Meerum Terwogt, & Koot, 2010). This may be so because sensitivity to others’ visual 

attention – a core component of audience effect – is strongly affected in autism (Richard & 

Lajiness-Oneill, 2015). Moreover, people with ASD have a reduced motivation to engage in social 

interactions and have reduced ability to manage their own reputation (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 12–15 years) to rate a set of pictures, then they were 

given the opportunity to inflate their initial ratings in front of a person who declared that she had 

drawn the picture. Typically developing children increased their ratings, while children with ASD 
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did not improve their ratings in the presence of the drawer. Studies using donation paradigms 

provide further support to the reputation management deficits in ASD (Cage, Pellicano, Shah, & 

Bird, 2013; Izuma et al., 2011). Namely, peer observation did not enhance the prosocial behaviour 

of ASD patients in a charity task. More specifically, while matched healthy controls donated 

significantly more in the audience condition, participants diagnosed with autism did not. Scheeren 

et al. (2010) compared self-presentation skills of adolescents with high-functioning autistic 

spectrum disorder to typically developing controls. They reported, that both groups exhibited a 

tendency to be more positive when describing themselves in a goal-directed audience condition, 

but not in the baseline (without projected reward). The only difference between the groups was, 

that, when they were informed about the audience preferences, high-functioning autistic 

participants were less strategic and less likely to use self-promoting statements in order to please 

the audience. They insisted to the social and moral rules more rigidly and refused to lie. 

In summary, several studies have shown a reduction in the audience effect in autism and 

this has been linked to mentalizing or other theory of mind difficulties. However, we should note 

that sensitivity to others’ visual attention, does not necessarily imply higher level cognitive 

processes. Infants, for example, are sensitive to whether someone is watching them from very early 

age on; 1 year-olds modify their pointing behaviour depending on the audience’s attention and 

engagement in the task (Liszkowski, Carpenter, Henning, Striano, & Tomasello, 2004) and 

toddlers take their partner’s visual attention into account when using referential gestures in a 

requesting paradigm (Marshall-Pescini et al., 2013). 

3.3.2. Audience effect – nonhuman species 

The phenomenon of ‘audience effect’ is not restricted to humans, it can also be used to 

describe social interaction between nonhuman animals (Coppinger et al., 2017). Ample evidence 

suggest that the mere presence of conspecifics may affect the behaviour of nonhuman animals in 

various situations. Social influences can both inhibit or facilitate behaviour among group mates, 

as has been reported in wide range of animals, including non-human primates (Reynaud et al, 

2015; Visalberghi and Addessi, 2000), other mammals (Sherman, 1977), birds (Evans and Marler, 

1994) and fish (Karplus et al., 2006). Importantly, however, it is hard to distinguish the mere 

presence effect from competition effect, increased fear responses (Moore, Byers, & Baron, 1981) 

or increased general arousal level (for a review see Guerin, 1993). The the sex of the audience  
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may also play a major role. Male Siamese fighting fishes (Betta splendens), for example, are more 

aggressive toward another male fish, in the presence of a male audience than when a female or no 

audience is present (Dzieweczynski, Earley, Green, & Rowland, 2005).  

We should also note, that there is an apparent inconsistency 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 changes in the signalling behaviour of 

individuals caused by the mere presence of other individuals (B. Coppinger et al., 2017). In line 

with this, a fundamental question for studying audience effect in nonhuman animals is whether the 

observed changes in behaviour indicate volitional control over signal production (e.g. more food 

calls when females are nearby than when males are present - Evans & Marler, 1994) or these are 

merely associated with arousal (Zajonc, 1965). Unfortunately, these investigations of ‘audience 

effect’ in nonhuman animals have little, if any, relevance to studies in humans.  

Some studies on nonhuman primates, however, showed that audience effect is more than a 

‘mere presence effect’ (c.f. social facilitation) and the signaller is sensitive to the receivers’ 

perceptual 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 

signallers have some understanding of what others can (and cannot) see (Leavens, Russell, & 

Hopkins, 2010; Poss, Kuhar, Stoinski, & Hopkins, 2006). The production of facial expressions in 

orangutans (Pongo sp.), for example, is more intense and more complex during play when a 

recipient’s attention is directed towards them  (Waller, Caeiro, & Davila-Ross, 2015) and gibbons 

(Hylobates sp.) also tend to show facial expressions more often and over a longer duration when 

facing other individuals (Scheider, Waller, Oña, Burrows, & Liebal, 2016). Although these results 

are insufficient to support the idea that primates have a deeper understanding of ‘being watched’, 

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 another important aspect of audience effect, the 

reputational concern, in chimpanzees (Pan troglodytes). Nettle and colleagues (2013) placed an 

image of a chimpanzee face above a food platform and measured subjects’ willingness to take 

preferred food. Chimpanzees did not show a robust and consistent behavioural 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 the competition condition, but not in the mere 

presence of a passive observer). A co-performer also helps macaques (Stamm, 1961) and 

capuchins (Dindo & De Waal, 2007) when 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 touch the images on the screen to obtain a food treat 

twice more often under ‘audience’ and ‘co-action’ condition than under ‘alone’ testing (Reynaud, 

Guedj, Hadj-Bouziane, Meunier, & Monfardini, 2015). These mixed results further support the 

context-dependent nature of audience effect in primates, and seems correspond to the notion that, 

due to the competitive feature of nonhuman primate social life, competition with conspecifics 

could be especially effective in facilitating flexible cognitive skills (Hare & Tomasello, 2004) – 

including skills that promote audience effect. 

Increasing evidence indicate that domestic dogs (Canis familiaris) attend to a human’s 

attentional state, and thus fulfil the core requirements for audience effect. As mentioned above, 

they are sensitive to changes in their partner’s visual attention and are able to use the emotional 

information provided by a human partner. 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 

– Kaminski et al., 2009) and are less likely to engage in forbidden behaviour when 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 response to changing attention of their 

human audience (Kaminski et. al., 2017). There is also some evidence that they tend to use their 

owners’ affective cues to guide their own behaviour towards novel objects (Merola et al., 2012; 

2014; Turcsán et al., 2015) in problem solving tasks. Evidence also suggests that dogs’ human-

directed behaviour (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 the dog-human relationship and the 

owner’s interaction styles towards his/her dog (Topál et al., 1997; Horn et al., 2012). Namely, the 

specific relationship that a dog has with its human audience influences its attention towards that 

person. But these empirical findings leave open the question of whether dogs would show human 
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like sensitivity to the visual attention of partners (such as reputation management, desire to meet 

the expectations or change in performance under observation).  
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4. GENERAL AIMS AND QUESTIONS 

The present PhD thesis aims to combine different approaches of comparative social 

cognition in order to get a better insight into some abilities that comprise social competence of 

humans as well as dogs – a promising animal model for human social behaviour. The experimental 

studies presented in this Thesis revolve around three main attributes of socially competent 

behaviour of dogs and humans: (i) susceptibility to social influence (priming), (ii) social 

categorization skills and (iii) sensitivity to audience effect.  

 

Thesis 1. Social priming 

Both canine and human developmental studies (Tauzin et al., 2015; Topál, Gergely, 

Miklósi, Erdőhegyi, & Csibra, 2008; Topál et al., 2014) argued that the ostensive-communicative 

signals (e.g., eye-contact) play a key role in modulation of attention in social learning situations. 

Specifically, it has been shown that ostensive-referential demonstrations of knowledge enable 

humans to focus their attention primarily on the stable, generic features of the target object (e.g. 

colour, shape – see e.g. Futó et al., 2010). Dogs, by contrast, tend to interpret ostensive-referential 

demonstrations of knowledge as an episodic imperative order (Topál et al., 2009) and show a 

significant bias in such situations towards transient object properties (location – e.g. Tauzin et al., 

2015). 

Importantly, however, the underlying mechanism for genericity bias (‘pedagogical stance’) 

following communicative demonstrations in humans is not yet fully understood. Therefore in 

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 primes. Moreover social priming effects in dogs has not 

yet been experimentally explored. In a second study (Study 2), therefore, we investigated the 

priming effects of both positive and negative social interaction on the way dogs behave in a helping 

situation involving an out-of-reach object.  

 

Study 1: The effects of social priming on the human attentional processes 
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AIM: To explore the designating function of directional gestures in humans. More precisely we 

aim to investigate the modulatory effects of offline social 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 of positive and negative social stimulation on dogs’ behaviour in an 

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 in an instrumental helping situation?  

 

Thesis 2. Social categorization 

Social preference for ingroup members is one of the central aspects of human behaviour. 

Research evidence indicates that category-based social preferences emerge early in development 

(e.g. Buttelmann, Zmyj, Daum & Carpenter, 2013). Although there are some salient category 

distinctions that are based on innate/biological features (such as age, race and sex - Fiske, 2000), 

the functional significance of social categorization is to understand the details of inter-individual 

and inter-group relations (Sperber & Hirschfeld, 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 question that remains to be answered is 

how the social impairments seen in autism affect 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 (see e.g. 
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Klinger & Dawson, 2001). In line with these, we investigated preschool aged children’s (both 

autistic and neurotypical participants) ability to spontaneously form social categories (Study 3). 

Moreover, the study of canine behaviour, from a comparative perspective, offers intriguing 

possibilities to study the nonhuman analogues of social categorization in general, and the 

phenomenon of ingroup favouritism in more particular. Thus in an additional study (Study 4) we 

investigated whether dogs, after having familiarized with two unfamiliar humans displaying 

different degrees of similarity to their owners, would show a tendency to interact differently with 

these prospective partners in an unsolvable problem (inaccessible toy) situation. More specifically, 

we tested the effects of an arbitrary group marker conveying transient similarity to their owners 

(clothing) and the effects of persistent behavioural characteristics (language and motion 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 markers (transient vs. permanent 

features) during social categorization processes from a developmental perspective and to 

understand how social categorisation is affected in ASD. 

MAIN QUESTIONS: Whether typically developing children are sensitive to the fact that social 

categories are first and foremost social constructs that are characterized with flexible category 

boundaries. Whether children with autism have different category learning performance or use 

different criteria when forming categories compared to (mental-) age matched neurotypical 

controls. 

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

and the owner on dogs’ tendency to interact with human partners. 

AIM: To investigate domestic dogs’ ability to form social categories based on the degree of 

similarity between their owners and unfamiliar people. 

MAIN QUESTION: How does similarity between an unfamiliar human and the owner affects 

dogs’ visual preference for human partner (as potential helper) when responding to an unsolvable 

problem. 
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Thesis 3. Audience effect 

Being watched by others has a strong effect on both human and non-human behaviour: 

children for example, tend 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 observation than typically developing 

children (Chevallier, Parish-Morris, Tonge, Le, Miller, & Schultz, 2014; Izuma et al., 2011). 

Increasing evidence indicate that domestic dogs (Canis familiaris) attend to a human’s attentional 

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

Two studies were conducted to explore adult pet dogs’ sensitivity to audience effect (i.e. 

whether dogs, like human children, show a tendency to change their behaviour according to the 

visual attention of humans). In the first experiment (Study 5) dogs participated in two types of 

observational conditions in the presence of a familiar and an unfamiliar human partner (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 eating a piece of food. This paradigm offers a possibility for uncovering 

the context-dependent nature of audience effect in dogs (through analysis of dogs’ different visual 

monitoring strategies in the presence of their caregiver and an unfamiliar observer). In a second 

study (Study 6) we aimed to investigate the impact of the owner’s visual attention on dogs’ 

willingness to perform a repetitive, fairly monotonous object-retrieval task (while being 

commanded to do so by an unfamiliar human). Behavioural observations were complemented by 

additional trait-like parameters such as the owner-dog attachment style and the dogs’ brain activity 

during sleep. Analysing the relationship between dogs’ sleep EEG spectrum and fetching task 

behaviour is a novel approach to investigate the neuro-cognitive link between dogs’ personality 

traits and their susceptibility to audience effect.  

Study 5. How do dogs monitor the human’s attentional state after challenged by the presence of 

forbidden food?  

AIM: To assess dog’s sensitivity to the audience effect and the importance of familiarity in a 

“forbidden food” situation.  
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MAIN QUESTION: Whether dogs are particularly sensitive to being observed by their caregiver 

relative to being observed by an unfamiliar human. 

Study 6. Behavioural and neurophysiological correlates of dogs’ individual sensitivity to being 

observed by their owners while performing a repetitive fetching task. 

AIM: To examine the impact of the owner’s visual attention on dogs’ tendency to bring back an 

object to an unfamiliar experimenter and to investigate the potential associations among owner-

dog relationship, dogs’ task performance and spectral EEG sleep profile. 

MAIN QUESTIONS: Whether the nature of the dog-owner relationship facilitates the dog’s 

behaviour, and, whether dog’s spectral EEG sleep profile and their susceptibility to the audience 

effect are related.  
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5. EXPERIMENTAL STUDIES 

Study 1 
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Study 2 

Affect matters: positive and negative social stimulation influences dogs’ behaviour in an 

instrumental helping situation 
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Abstract 

There is ample evidence to suggest that dogs have highly developed, context-dependent social skills. Recent 

literature also indicates a human-like susceptibility to social influence in dogs. However, it is still unclear 

how the affective social context affects the way dogs behave in a helping situation involving an out-of-

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 negative and a positive social interaction 

with a male experimenter. Having received pretreatment with different social stimuli, subjects were 

observed in an instrumental helping task with a female experimenter requesting an out-of-reach object. The 

analysis of the dogs’ tendency to engage in the task revealed that although the type of pretreatment did not 

influence whether they retrieved the cued object or not, the positive social interaction has a facilitatory 

mailto:agoston.galambos89@gmail.com
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effect on other, more subtle aspects of their behaviour (longer duration 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 release while gazing more 

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 test situation. These findings suggest that the valence attributed to the social 

interaction during pretreatment has differential effects on dogs’ subsequent behaviour. Possible parallels 

with and differences from human behaviour are discussed.  

1. Introduction 

Dogs are unmatched amongst non-human animals regarding their inter-species social skills. As opposed to 

how their physical cognition ranks them in the virtual hierarchy (primates or corvids outperform dogs in 

many aspects – Van Horik et al., 2012), convergent evolution - thousands of years of domestication - 

enabled them to excel at reading of and responding to human social-communicative signals. Human-like 

forms of behaviour in dogs involve reacting to pointing gesture (e.g. Hare and Tomasello, 1999; Miklósi et 

al., 2005; Miklósi and Topál, 2013), understanding gaze alternation as referential communicative act 

(Miklósi et al., 2000; Oláh et al., 2017), processing of facial expressions (Racca et al., 2012), attributing 

attentional state (’seeing leads to knowing’ – Call et al., 2003), social play (Bauer and Smuts, 2007), 

sensitivity to inequity aversion (Range et al., 2008), ability to selectively imitate (Range et al., 2007), 

recognizing emotions (Albuquerque et al., 2016), contagious yawning (Joly-Mascheroni et al., 2008), 

jealous-like 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 context-dependence when interacting with humans. Studies show that 

dogs may react differently to strangers and their owner (e.g. Győri et al. 2010; Hernádi et al., 2015; 

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 shows social-like behaviour 

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. threatening) change dogs’ responses, whereas Bálint and 

colleagues (2016) reported that the gender of the experimenter and different experience with male and 

female humans affect dogs’ vocalization in a situation involving a stranger approaching in a threatening 

manner. Moreover, Kiss et al. (2018) found evidence for a rudimentary sensitivity for social categories in 

dogs: in their study, the dogs’ behaviour varied as a function of similarity between an interaction partner 

and their owner (i.e. subjects paid preferential attention to people exhibiting motion pattern- and language-

based similarity to their 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 human-animal 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 even a single ‘human contact session’ has the potential to decrease shelter dogs’ 

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 electric 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 that positive influences can occur 

even in the absence of explicit interaction: the mere presence of the owner has the potential to reduce dogs’ 

physiological responses in a stressful situation (Gácsi et al., 2013).  

It has recently been shown that the perceived affective 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 positive or a negative 

emotional state. Afterwards, the subjects participated in a 3-hour-long sleeping session while their sleep 

and bodily functions were systematically monitored (non-invasive polysomnography technique for dogs – 

Kis et al., 2014). The authors found that the 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, non-REM, REM). 

To sum up, these empirical results provide evidence for how affect-laden social experiences 

influence dogs’ behaviour and its underlying mechanisms in a variety of ways, and raise the possibility that 

exposure to differently valenced interactions with humans would not only have an impact on physiological 

variables and sleep macrostructure but also on overt post-manipulation 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), cooperation (Bargh et al., 2001) and ingroup/outgroup 

attitudes (Spears et al. 2004). For instance, it has been reported that after having made a ‘joint commitment’ 

to play together (i.e. an experimenter using a puppet attended to and coordinated her actions with the child), 

3-year-olds were more likely to show prosocial behaviour than children in the ‘no joint commitment’ 

condition in which the puppet moved by the experimenter did not pay attention to and/or acted 

independently of the child (Gräfenhain 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) requests an out-of-reach object by extending her arm and 

gazing toward it. Concerning the effect of pre-exposure to positive vs. negative interactions with humans 

on dogs’ task-related behaviour there are three possibilities. 

First, we may assume that, just as in humans (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 dogs’ task engagement and motivation, and this may manifest itself in faster 

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 

task-oriented behaviour in the 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 

either the social exclusion effect (increased motivation to gain acceptance – see e.g. DeWall and Richman, 
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2011), or it might be related to negative affect-driven attentional processes (enhanced attention to the 

relevant features of the task – see e.g. Taylor, 1991). A third possibility would be that dogs, in terms of 

their task performance, 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 or that dogs 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 Experimentation Ethics Committee (Ref. No. 

PEI/001/1057–6/2015). 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 Behaviour (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 years, range: 1.5-8 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), Husky (1), Mudi (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 form, 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 a test phase in which we measured the dogs’ tendency to engage in an 

instrumental helping situation. We used a repeated measures (within-subjects) design: all dogs participated 

in both the positive and the negative pretreatment conditions. The order of the conditions was 

counterbalanced across subjects: half of them started with the positive, the other half with the negative 

pretreatment, with 1-3 weeks between the two sessions (mean: 14.4 days; SD: 8.1). Both the pretreatment 

and the test phase were videotaped by 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 (Eötvös University, 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 (PSI): during the 6 minutes of the positive social interaction, dogs had 

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 

dog’s preference, and used dog-directed speech towards the subject. When 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 (NSI): the 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 1.5-meter-long leash that was fixed about 1 meter away from the door (Separation episode, 

see e.g. Konok et al., 2011, for a similar situation). 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 approached the leashed 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 communication (Threatening approach episode, see 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 threatening approach. He was looking at the dog 

with a neutral facial expression without talking to it, in a completely unresponsive state (Still-face episode, 

adapted from Haley and Stansbury, 2003). When the 3 minutes elapsed, E1 stood up and left the room. 

Then the female experimenter (E2) entered and accompanied the owner and the dog to another room for 

the test phase. 

2.3.2. Test phase – instrumental helping situation 

E2 was seated in a chair, holding the dog on a leash next to her. The owner was standing at the other end 

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 the dog’s attention by ostensive addressing (Name + ‘Look!’) and by moving the grasped objects. 

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 one on the right, approximately 

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 cued one of the objects (target) by approaching it, crouching down next to it, and 

indicating attempts to retrieve it. She did so for 30 seconds, using both verbal and nonverbal ostensive 

signals (e.g. Dog’s name + ‘Look!’, ’I can’t seem to reach it’) while alternating her gaze between the place 

of the object and the dog. Both objects were positioned in a way that it was apparently difficult for E2 to 

reach them (Figure 1). After 30 seconds had passed, E1 knocked on the door. At that moment, the owner 

unleashed their dog and allowed them to move freely. E2 continued to address the dog in the above 

described ostensive way up until the trial’s end, which was either when the dog retrieved the target object 

or the 90 seconds elapsed. In case the dog retrieved the alternative 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 



73 
 

the target and/or the alternative object only for a few seconds, then it was taken away). Afterwards, 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 object as 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 toys for the second occasion. The identity of the first/second pair of toys 

was counterbalanced across subjects. 

 

 

Figure 1. Experimental arrangement of the instrumental helping situation 

 

2.4. Behaviour coding and data analysis  

The dogs’ behaviour was analysed by frame-by-frame coding of all experimental recordings (with the 0.2-

s resolution program Solomon Coder (beta 16.06.26, ©2006e 2008 by András Péter, 

http://solomoncoder.com/). In order to assess inter-observer reliability, a second trained observer scored a 

randomly selected sample of 25%. Cohen’s kappa coefficients (for categorical variables) and intraclass 

http://solomoncoder.com/
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correlation coefficients (ICC – for continuous variables) are given below 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 mouth) (score=1) or it did not (score=0) (Cohen’s kappa coefficient: 1.0). 

(2) Alternative object retrieval performance (score 0/1): the dog either retrieved the alternative 

object (grabbed it either by the paws or mouth) (score=1) or it did not (score=0) (Cohen’s kappa coefficient: 

0.85). 

(3) Duration of looking (seconds) 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 experimenter could not be 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 experimenter) (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 

released 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 within 10 cms (with its 

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 target object – either by 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 methods. First, we ran generalized linear mixed models 

(GLMM, SPSS software, version 23). The model included two fixed explanatory variables: pretreatment 

(PSI/NSI) and trial (1-4), as well as the 2 interactions of these main factors. Moreover, ID (subjects’ 

identity) as a random factor was also included in the models. Non-significant effects were removed from 

the model in a stepwise manner (backward elimination technique). For post hoc tests, Bonferroni 

corrections were used. Statistical tests were two-tailed, α value was set at 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 ’survival’, Therneau, 2015) for latency measures that 

provides a powerful approach for analysis of the latency data. For Cox Models, hazard ratios (Exp[β]) 

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

 

 

3. Results 

3.1. Dogs’ behaviour before release 

GLMM analyses of the durations of dogs’ head orientation (looking at the owner; looking towards the 

experimenter and/or target; looking elsewhere) failed to show significant main effects of Trial and 

Pretreatment and there were no significant Trial x Pretreatment interaction effects (p>0.05 for all). This 

indicates that the dogs’ looking behaviour did not change with repeated trials and there is no pretreatment 

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

 

3.2. Dogs’ behaviour after release 

Regarding the dogs’ retrieval performance (obtaining 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 object-retrieval behaviour during 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 the target maximum 

once out of 8). However, the GLMM analysis showed that pretreatment had a significant main effect on the 

duration of looking at the owner (F1,157=7.200, p=0.008). The post hoc pairwise comparison showed that 

dogs, after NSI looked more at their owners than after PSI (Figure 2). The main effect of Trial as well as 

Trial x Pretreatment interaction were non-significant (p>0.05 for both). 

 

 

 

 

 

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

received different pretreatments (PSI: positive social interaction, NSI: negative social interaction) 
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Concerning duration of looking at the experimenter, pretreatment had a marginally significant main effect 

(F1,157=3.631, p=0.059). Dogs tended to gaze more at the experimenter after PSI than after NSI (mean±SE: 

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 dogs’ looking at the target object showed a significant interaction effect (Trial x 

Pretreatment; F1,151=11.388, p=0.001): dogs spent much longer time looking at the target object in the first 

trial after NSI than after PSI (Figure 3). The main effects (Trial, Pretreatment), 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 (duration of looking towards the 

experimenter and/or target; duration of looking at the alternative object, GLMM, p>0.05 for all). 

 

 

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

having received different pretreatments (PSI: positive 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 

dogs’ behaviour. Positive vs. negative social interaction had a significant effect on latency of the first move 

(β=0.561 [0.397; 0.792]; p=0.001), and a marginally significant effect on the latency of approaching the 

experimenter (β=0.546 [0.294; 1.012]; p=0.055). That is, dogs in the PSI pretreatment condition started to 

move sooner after release and they also tended to approach the experimenter sooner (Figure 4 & 5). 

 

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

(positive social interaction – PSI, negative social interaction – NSI).  
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Figure 5. Probability of approaching the experimenter after a certain time elapsed in the different 

pretreatment conditions (positive social interaction – PSI, negative social interaction – NSI). 

 

Moreover, Cox Model analyses showed significant repetition effects (main effect of Trial) on dogs’ latency 

to approach the target and alternative objects. We found that dogs approached the target object sooner in 

the first trial as opposed to the second one (β=0.564 [0.327; 0.974]; p=0.04) and in the third trial compared 

to the fourth (β=0.398 [0.228; 0.692]; p=0.0011; Figure 6). 
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Figure 6. Probability of approaching the target object after certain time elapsed in trials 1-4. 

 

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

to approach the target object in the third trial as opposed to the second one (β=0.316 [0.152; 0.654; 

p=0.0019); and in the fourth trial compared to the third one (β=0.381 [0.189; 0.771]; p=0.0073; Figure 7). 

 

 

Figure 7. Probability of approaching the alternative object after a certain time elapsed in trials 1-4. 

 

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 an out-of-reach object by extending her arm and gazing toward it. Our results did not show any 

effects of different pretreatments on the dogs’ behaviour during the first phase of the instrumental helping 
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task (before release). More importantly, dogs’ object retrieval performance remained fairly stable across 

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. Like we delineated 

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 interactions – or that our 

experimental manipulation was not efficient enough. However, this is not very likely, given that the exact 

same pretreatment procedure in an earlier study led to palpable post-manipulation differences in dogs’ sleep 

macrostructure (Kis et al., 2017a). Also, Gácsi et al. (2013) used similar negative affect-evoking procedures 

(separation and threatening stranger) and found pronounced differences in heart rate and heart rate 

variability. Nevertheless, it is still possible that the affect-eliciting pretreatments were not strong enough to 

impact dogs’ willingness to retrieve the target object, only to influence more subtle aspects of their 

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) experimenter acted 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 situation. There is some 

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 context of ‘here-and-now’, and 

they do not generalize the communicative content to a modified task situation (Topál 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 to show that the gender of the human partner alters dogs’ behaviour. 

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 affected dogs’ response to stress: being petted by a woman elicited a more relaxed state (more 

frequent yawns, more time spent in a relaxed, head-up posture). Lore and Eisenberg (1986) reported a 
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similar tendency showing that dogs (males, specifically) were more likely to approach females compared 

to males. Bálint et al. (2016) found that male threatening strangers evoked higher arousal state in dogs as 

opposed to female strangers. Taking these results into consideration, our paradigm might have enabled dogs 

to show more affiliative 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.  

It is important to note, however, that a more detailed analysis of dogs’ behaviour during the second 

phase of the object retrieval task (after release) indicated specific effects of the positive and the negative 

social pretreatment. We found that dogs tended to look longer at the experimenter after PSI than after NSI 

and the effect of 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 interaction. These 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 

general facilitatory effect on subjects’ behaviour (increased tendency to move and to approach the 

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 

release and in gazing more at the target 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. Marshall-Pescini et al., 2013). These behaviours, together with 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 dogs’ behaviour. Namely, dogs showed an increased latency of approaching both the 

target and the alternative objects over repeated trials. These changes might be easily attributed to a 

habituation effect reducing the dogs’ motivation to engage in the task. 

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 respect to 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 have effects in the same direction, only the 

mechanisms differ – the positive route putatively through the affiliation-related oxytocinergic system 

(Feldman, 2012), while the negative one via the motivational effect of social exclusion (DeWall and 

Richman, 2011). Increasing evidence supports the social-behavioural 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, whereas negative ones with avoidance. For example, Kis et al. 

(2015) found in their placebo-controlled 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 pretreatment resonates well with these earlier results.  

As mentioned above, the behavioural and physiological consequence(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 behaviour – through the process of invoking a 

’desire to reconnect’ (e.g. Chester et al., 2016). Kerr and Levine (2008) provide an evolutionary explanation 

for social exclusion: since being excluded from 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 consideration (Miklósi and Topál, 

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 heterospecific partners (Payne et al., 2015). Moreover, they are skilful at making social 

evaluations (Anderson et al., 2017) and any behaviour serving to reduce social exclusion would be highly 

beneficial. This might result in a motivational and/or attentional increase 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 linked to this ‘desire to reconnect’.  

In conclusion, we believe that our findings add to the 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 human-dog interactions, the results confirm both the dissociation and 

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 children’s representations of social and biological kinds. We reasoned that in order to 

efficiently navigate through the mesh network of overlapping social categories, the 



91 
 

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 relevance to 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 would categorize 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 

humans’ ability to efficiently represent the complex structure of human societies where social 

groupings may change dynamically and overlap with each other. 

 

Keywords: 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 someone moves into 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 but also how societies are organized and how social 

groups behave. One key cognitive capacity that underlies the success of these complex interactions 

is humans’ tendency to structure information about fellow humans in terms of social categories.  

Social categorization 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 well-documented phenomenon that humans have a tendency to categorize each 

other based on any arbitrary distinction (’minimal group’) that is made salient in a given context 

and that this distinction will immediately result in a preference for people belonging to the same 

group as oneself (Tajfel, Billig, Bundy & Flament, 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 

distinctions have 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 evolutionary adaptive cognitive 

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 of social categorization in cognition is further supported by a body of 

research with young children, suggesting that the human brain may be pre-wired to 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 present in infancy. Looking time studies 

have revealed that children before their first birthday prefer to look at „in-group” members based 

on sex (Quinn, Yahr, Kuhn, Slater & Pascalis, 2002), race (Kelly, Quinn, Slater, Lee, Gibson et 

al., 2005) and language use (Kinzler, Dupoux & Spelke, 2007). Moreover, linguistic group 

membership guides social learning processes from the age of 14 months (Buttelmann, Zmyj, Daum 

& Carpenter, 2013, Howard, Henderson, Carrazza & Woodward, 2015; Oláh, Elekes, Pető, Peres 

& Király, 2016; Pető, Elekes, Oláh & Király, 2018). Importantly, it has been argued that these 

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 claim is supported 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 & Woodward, 2014; Liberman, Woodward & Kinzler, 2017, 

Liberman, Kinzler & Woodward, 2018). In addition, 3-year-olds also raise different expectation 

towards in-and out-group members in adhering to social norms: social norm transgressions are 

judged more severely when committed by an in-group 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 about the 
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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 acquire generic 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 about the 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 humans’ tendency to view categories as defined by some intrinsic, stable and 

essential property that defines category membership and is causally powerful in shaping other 

superficial features of the category members (Gelman, 2004). However, the role of such ‘essences’ 

may differ along ontological fields. Essentialism 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 

features 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 conceptual development (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 already pre-school 

aged children believe racial and ethnic categories to be absolute and determined by birth 

(Hirschfeld, 1996; Gil-White, 2001; Astuti, Solomon & Carey, 2004, Diesendruck & haLevi, 

2006). Similarly, gender categories evoke robust essentialist reasoning, whereby children from the 

age of 3 expect gender categories to be non-permeable 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 determinism of category 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 in 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 even non-kind relevant 

traits with in-groups rather than out-groups (e.g. Taylor et al., 2009; Diesendruck & HaLevi, 2006). 
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The pervasive nature of social essentialism is manifested in findings that children apply 

this belief-system even to kinds that lack any obvious biological ground. For example, children 

assume that the language someone speaks is determined by the native 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 relation to religious groups (Smyth, Feeney, Eidson & Coley, 2017). The 

results showing an early- emerging tendency to essentialize social categories and that these beliefs 

exhibit remarkable similarities with reasoning about animal kinds have led researchers to propose 

that social kinds are mistaken by the brain as appropriate input for a folk-biology module (Atran, 

1998; Gil-White, 2001). However, research findings that show significant cultural variation in 

which categories become essentialized contradict this notion (Diesendruck, Goldfein-Elbaz, 

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, category-based 

inferences are most successful, if category boundaries are stable and mark causally 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, the real purpose 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 social kinds 

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 highlighted, category 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: 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. 
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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 than biological) differences by keeping track of 

differences in knowledge states between individuals. Thus, people who seem to share knowledge 

with one-self in relevant domains will be categorized as “in-group” while those who appear 

ignorant will form the “out-group”. (Kinzler, Dupoux & Spelke, 2012; Soley & Spelke, 2016; 

Oláh, Elekes, Bródy & Király, 2014; Oláh, Elekes & Király, 2019). While these theories bear 

significant resemblance to one another, some authors claim that certain aspects of shared 

knowledge, such 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 relevant differentiations 

(Oláh et al., 2019). This will help us to realize in an instant that co-workers should be viewed as 

“in-group” when discussing professional issues, but as “out-group” when we change to questions 

pertaining to our leisure activity. We argue that 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 categories and other 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 feature of the naïve 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 examined the same effects both in neurotypical children and children 

diagnosed with Autism Spectrum Disorder. It is well-known that the social-cognitive 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, 2001; Gastgeb, Dundas, Minshew & Strauss, 

2012; Minshew, Meyer & Goldstein, 2002). These findings have been connected to the ‘weak 

central coherence’ theory of autism which suggests that people with ASD may be more focused 
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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 (Baron-Cohen, Leslie & Frith, 1985) may also be related to individuals’ tendency to focus 

more on the 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 categories in terms 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 obtained from all parents 

of children in accordance with an Institutional Review Board-approved protocol. This research 

was approved by the Research Ethics Committee of Eötvös Loránd 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 (Set AH; Set BH) or 2 groups of dogs (Set AD; Set BD). 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 other wore 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 skin and 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 and dog 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

n 

Stimulus 

Set 

Group 

Name 

Permanent trait 

(consistent) 

Transient 

trait 

(consistent) 

Permanent 

trait 

(variable) 

Human 

Set AH 
"Lomár" Brown hair Red T-shirt Skin tone 

"Helót" Blond hair Blue T-shirt Skin tone 

Set BH 
"Pupák" Light skin tone 

Yellow T-

shirt 
Hair color 

"Luppancs" Dark skin tone Green T-shirt Hair color 

Dog 

Set AD 

"Cserbengóc

" 

Small sized, short 

haired (Dachshund) 
Red harness Fur color 

"Rekkencs" 
Medium sized, long 

haired (Border collie) 
Blue harness Fur color 

Set BD 
"Bendőc" Grey fur 

Yellow 

harness 
Breed 

"Rikács" Brown fur Green harness 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 cues would not influence children. Children participated in four different types of trials 

– trials involving different sets of stimuli (i.e. SetAH/BH/AD/BD – see Table 1). The order of trials 

was randomized across participants with the restriction that human and dog sets were presented 

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

Prototype learning phase: The two groups were first introduced while also mentioning an 

activity that members of each group liked to do (E.g. “Look! These are the ‘Lomár’-s. They like 

to play cards. And look! These are the ‘Helót’-s. They like to go fishing.” For all group-activity 

pairings, see Appendix 1.). After presenting the groups of a trial, the experimenter explained the 

task to the child with the following instructions: “I will show you some pictures of kids/dogs. Each 

is either a ‘Lomár’ or a ‘Helót’ (for example). All you have to do is tell me whether the one I’m 

showing you is a ‘Lomár’ or a ‘Helót’.”  

At this point, the groups were 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 

example, 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. Note that group 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 prototype learning phase of the other stimulus sets without problem, the data from 

those were still used. 

Test phase: If the child successfully completed the prototype learning phase, thus showing 

that they understood the task and could remember the groups and their names, 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 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 could be 

categorized as “Pupák” by the transient trait, but as a “Luppancs” by the permanent trait. In this 
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portion of the test, there were no ‘right’ or ‘wrong” answers. However, if children did not respond 

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 after the third 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. 

Figure 1: Experimental setup and example of stimuli (Human condition; Set AH, “Lomár” & 

“Helót”) in the order of presentation. 2 groups, 4 prototype and 4 inconsistent pictures shown. 

 

Coding 

We analyzed children’s first responses (choices). During the prototype learning phase, the 

responses were coded either right or wrong. During the test phase, the answer was coded as 

“permanent” if the child clearly said the name of the category that shared the permanent trait (hair 

color, skin tone, fur color or breed) with the given exemplar. If the selected category matched the 

harness color or the t-shirt color that of the exemplar, the response was coded as “transient”. 

Statistical analyses were executed using SPSS (IBM SPSS 23) software package. We used 

generalized linear mixed 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 figure), Sex, Permanent Label Type (hair/fur vs skin/breed) and Trial 

prototype learning phase test phase 
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Order (from 1 up to maximum 4) were included as fixed factors. Age in months was included as 

covariate and the model also contained all two-way interactions. Non-significant interactions and 

main effects were removed from the model in a stepwise manner (backward elimination 

technique). All tests were two-tailed and the α value was set at 0.05. Sequential Bonferroni 

correction was applied for all post-hoc comparisons. 

 

 

Results 

Prototype learning phase 

All participants completed at least one trial; 51 children (82.2%) successfully completed 

all four trials, others, however, failed to complete 1-3 trials (three failed trials: N=4 children, two 

failed trials: N = 1 children, one failed trials: N = 7 children). Overall, they 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 Condition (F1,908 = 6.161 p = 0.013) and Age (F1,908 = 12.935, p 

< 0.001) and the interaction of these two factors was also significant (F1,908 = 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; prototype categorization of 

human images remained largely the same across ages. All other main and interaction effects were 

non-significant (p > 0.05 for all).  

 

Test phase 

GLMM analysis showed a significant main effect of Condition (dog vs. human figure; F1,891 = 

170.259; p < 0.001) on children’s responses suggesting that they tend 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, breed – in 84.8% of the total responses) whereas they 

showed opposite response bias in the ‘human figure condition’ (preference for the transient trait 

in 62.3% of the total responses – Wilcoxon signed rank test, p = 0.004).  
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Figure 2. Categorization of human and dog images based on transient and permanent features. The 

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

 

 

Permanent Label Type also had a significant main effect on children’s responses (hair/fur 

vs skin/breed; F1,891 = 10.018; p = 0.002) and there was a significant interaction between Condition 

and Permanent Label Type (F1,891 = 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 by fur color, but 

this tendency was not observed when the respondent categorized human figures – Figure 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 permanent markers. 

 

Interestingly, Sex also had a significant main effect (F1,891 = 5.886; p = 0.015) on children’s 

category choices. Girls were less likely to rely on transient markers compared to boys, suggesting 

that their choices were driven by skin tone or hair color when categorizing humans, or breed and 

fur color in the case of trials involving dogs. Note, however, that there was a significant Sex x Age 

interaction effect (F1,891 = 4.409; p = 0.036), suggesting that these gender differences became less 

pronounced with age (Figure 4). 
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Figure 4. Age and gender interactive effects on children’s tendency to rely on transient marker 

when categorizing humans and dogs. Individual dots represent the proportion of ‘transient’ 

category choices for individual participants. 

 

The GLMM analysis showed a main effect of Trial Order (F3,894 = 3.607 p = 0.013) and 

the Trial Order x Age (F3,891 = 4.953 p = 0.002) as well as the Trial Order x Permanent Label Type 

(F3,891 = 3.200; p = 0.023) interactions were also significant. 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 effect of Age and other interaction effects were not 

significant (p > 0.05 for all). 
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Discussion  

 

Experiment 1 revealed that typically developing 4 to 7-year-old 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 have a robust 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 60 % of the inconsistent images during the test phase. 

While our main hypothesis was confirmed, a number of other effects have also emerged. 

Specifically, which permanent feature was stable across groups affected children’s choices. 

Overall, when groups could be 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. We 

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 differential strategies 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 further 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 Categorization 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 (ICD-10/BNO-10 codes of: F84.0-Infantile Autism, 

F84.1-Atypical Autism, F84.5-Asperger’s Syndrome, F84.8- Other pervasive developmental 

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 nursery schools had 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 needs of differently 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 nonverbal children as 

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 forms of the children, so their special education teachers were asked to 

give an approximation about the child’s mental age (in years). The control group was thus matched 

based on age in years. This was not possible for all participants, however, so in most cases where 

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 children (NT) matched in mental-age (mean age±SD: 

71.1±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 age 

(years) 

estimated mental 

age 

chronological age 

(years) 

estimated mental 

age 

3.7 3+ 3.7 3+ 
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5.9 3+ 3.8 3+ 

4.2 4+ 4.5 4+ 

4.7 4+ 4.7 4+ 

7.1 4+ 4.8 4+ 

4.8 5+ 5.1 5+ 

5.6 5+ 5.7 5+ 

7.4 5+ 5.8 5+ 

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 ASD due to its 

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 camera was used to record the stimulus 

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

A “motivational paper” (A5 size) was used both as an attempt to motivate the participants, 

but also as a means of showing them how much of the task was left and when they 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 group, the 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 be placed at the 

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, 5cm high). These were clear, with a strip of black tape 

around the front 3 sides covering it, so the child could not 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 

answer was “right” or “wrong” (Figure 5). 
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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, also 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 necessary, the child 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 in front of the child. 

Prototype learning phase: The 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 instructions were given (modified to fit the specific reward 

the child would receive):”You will receive stamps, and when the paper is full, we will be all done. 

What kind of stamp would you like, a bear or a mouse? When one of these rows is full (*pointing 

to the paper*), you will get to choose a sticker, that you can stick here. (If personalized rewards 

were used, they would get that at these points as well.) When we’re done with the game, you can 

keep this paper with all the stamps and stickers.” 

After this, the child 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 presented with all of them 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 complete 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 phase: If 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 there were no ‘right’ or ‘wrong’ 

answers.  

The following instructions were given: “Now I’m going to show you pictures of kids/dogs. Look! 

These are the Lemóts/Cserbengócs/etc. They go here. They stay here.” Then, the experimenter 

clipped the card to the edge of one of the 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 instructions: “I’ll give 

you cards with kids/dogs on them. All of them belong either here, or here. (*pointing into the 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 

belongs!”  

If children did not put the card into either 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 breaks could be taken 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 categorize, a child stopped and got stuck, the following prompt could be given at 

approx. 5 second intervals a maximum of 3 times: “Where does it belong? Put it where you think 

it belongs!”. 

 

Coding 

Similarly to Experiment 1, we analyzed children’s first choices. Children’s responses were 

analyzed with generalized linear mixed models (GLMM, IBM SPSS 23) with binomial distribution 

(binary logistic regression). The model included a random grouping factor (subject IDs) and four 

fixed explanatory variables (factors): Condition (dog/human figures), Permanent Label Type 
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(hair/fur vs skin/breed), Group (ASD/NT) and Trial Order (from 1 up to maximum 4) . Mental age 

in years was included as covariate and the model also contained all two-way interactions. Non-

significant interactions and main effects were removed from the model using backward elimination 

technique. All tests were two-tailed and the α value was set at 0.05. Sequential Bonferroni 

correction was applied for all post-hoc comparisons. 

Results 

Prototype learning phase 

Only 4 children from the ASD group had difficulties in one trial with categorizing the 

prototypes on their first attempt and there was an additional ASD participant 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 attempt). There 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 of Condition, Permanent Label Type, Group, Mental Age or Trial 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 analysis showed that Condition had a significant main effect on children’s 

category choices (human vs. dog figure; F1,516 = 92.084; p < 0.001). Both neurotypical and 

autistic children were more likely to rely on permanent traits (breed/fur) when categorizing dogs, 

while transient traits proved to be more important for humans (Figure 6). 



111 
 

 

Figure 6. Categorization of human and dog images based on transient and permanent features. The 

graph depicts the percentage of trials where a specific type of choice was made by children with 

ASD and neurotypical (NT) participants. 

 

 

Although the main effects of Group and Permanent Label Type were not significant (p > 

0.05) there were significant interactions between Permanent Label Type and Condition (F1,516 = 

8.629 p = 0.003), and between Permanent Label Type and Group (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, neurotypical 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 where neurotypical (NT) and autistic (ASD) children 

categorized based on the permanent trait shown separately for the different kind of permanent 

markers. 

 

The main effect of Mental Age was also not significant at the p < 0.05 level, but we found 

a significant interaction between Mental Age and Permanent Label Type (F1, 516 = 5.827 p = 0.016). 

This effect is mainly driven by older children’s tendency to overwhelmingly choose the permanent 

marker as the basis for categorization when skin tone/breed indicates group membership. We also 

found a main effect of Trial Order (F3,512 = 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 > 0.05 for all). 

 

Discussion  

 

Overall, Experiment 2 replicated the findings of Experiment 1: children were more likely 

to categorize images of humans based on the transient trait, while they overwhelmingly chose the 

permanent trait as the basis for categorization when categorizing dogs. Importantly, the same 

pattern of results was found with both neurotypical children and children diagnosed with Autism 
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Spectrum Disorder. However, there were also some minor differences in the strategies that we 

observed. Children in the two groups showed a difference in terms of which permanent trait they 

put more emphasis on. While neurotypical children were more likely to categorize based on skin 

tone or breed than hair or fur color, the opposite pattern was observed in children with autism. 

Thus, the observed effect does not reflect any differences that are specific to social 

categorization. Rather, it seems more likely that it can be accounted for by a general perceptual 

bias related to the “weak central coherence” theory of autism (Frith & Happé, 1994): children 

with ASD may be more likely to be drawn towards more specific, local details, such as hair color 

than to traits manifested more globally. In the case of human images, this can be easily grasped 

in terms of local versus global processing: hair color is a local feature, while skin tone is a 

general property of the body (but due to the clothing the figures wear, this still requires the 

perceiver to integrate information coming from different parts of the visual field). In the case of 

dogs, although fur color is not a local feature, extracting breed information requires more 

abstraction which may be more difficult for people with autism. 

 

General Discussion 

 

The present studies were designed to test whether children are sensitive to the fact that 

social categories are first and foremost social constructs that are characterized with flexible 

category boundaries. To investigate this question, we tested whether young children would be more 

likely to categorize individuals based on transient, rather than permanent features. We 

hypothesized that an opposite pattern would be observable for animal categories, since relevant 

groupings of animals usually correspond to biological distinctions. Our results support these 

hypotheses. Across two experiments, we have found that the dominant categorization strategy for 

dog stimuli was to match the individual to the group based on permanent features, such as breed 

or fur color. Although less robustly, an opposite pattern of results emerged in the case of human 

stimuli: on the majority of occasions, children assumed that an individual belongs with those that 

share the transient trait (t-shirt) with them.  

Although age did modulate the pattern of results to some degree in interaction with other 

variables, we did not find very robust age differences. This is interesting in light of the fact that 

the age range covered in our study was relatively wide and studies usually indicate that racial 
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categorization becomes more robust during this period (e.g. Hirschfeld, 1996). The majority of 

studies with preschool aged children suggest strong priorities in social categories that generally 

downplay the importance of racial categorization in favor of categorization by language (Kinzler, 

Shutts & Correll, 2010). However, a large body of research suggests that by the age of six years, 

children entertain similar stereotypes and prejudice toward racial out-group members as adults 

(Hirschfeld, 1996, Dunham, Baron & Banaji, 2006)  

The above mentioned developmental trend does not necessarily have to indicate a specific 

increase in the perceived relevance of race or biological features. Another possibility is that this is 

merely a manifestation of a general widening of scope of possible ways to categorize people which 

is exhibited in the minimal group effect in older participants and adults (Tajfel et al., 1971). A 

paradox that has yet to be resolved in developmental psychology concerns the seeming discrepancy 

in the flexibility of social categorization in young children and adults. Current theories of social 

categorization suggest that initially, children strongly prioritize certain markers in social 

categorization (Kinzler et al., 2010; Liberman et al., 2017), however the full-fledged version of 

this representational system has to allow for enough flexibility to switch between salient distinction 

in order to track changing coalition relations (Kurzban et al., 2001) or monitor the extremely 

complex structure of societies (Sperber & Hirschfeld, 2004). There is suggestive evidence that this 

change in flexibility takes place somewhere between the ages of 3 and 6, during which period 

children start to assign more relevance to arbitrary groupings (Dunham & Emory, 2014). However, 

our results suggest no developmental discontinuity in the underlying mechanisms: children across 

this age range seem to predominantly categorize based on transient features which suggests that 

the naïve sociology module is prepared to deal with this flexibility from the beginning. 

Note that in our study, only one transient feature was used for human images: shirt color. 

Thus, we cannot be absolutely certain whether this feature specifically carries some perceptual 

characteristics that lend it an ideal marker for categorization or it is seen more generally as one of 

the many possible ways that socially constructed categories can be indicated. Shirt color seemed 

an ideal candidate for the transient feature as it is similarly salient as hair color or skin tone, yet 

carries a symbolic meaning: children from an early age are familiarized with the idea that group 

cohesion is often signaled by similar clothing as in the case of sports teams, for example. It is 

important to consider, however, that it is difficult to find traits that unambiguously signal 

biologically set stable properties that nonetheless lack any cultural significance. Cultural learning 
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will inevitably result in associating new meaning with categories defined by skin tone or hair color 

(consider the not very sophisticated, yet common jokes about blonde-haired women). Thus, these 

traits may gain symbolic significance with development. 

Importantly, the same pattern of general results was found for both neurotypical children 

and children with ASD despite the fact that this condition is characterized with reduced social-

cognitive abilities. This deficit is usually attributed to a specific impairment in mindreading 

(Baron-Cohen et al., 1985). Although this is speculative, our results can be viewed as suggestive 

evidence that the naïve psychology module is in fact distinct from the naïve sociology faculty, as 

we did not find considerable differences in this respect between the two groups. Importantly, 

children with ASD did not categorize humans based on transient features because of a general 

tendency to attend to local features more because – similarly to healthy controls – they 

overwhelmingly categorized dogs along permanent features, even if permanent label type did 

slightly modulate the effect. However, this does not necessarily mean that the same mechanisms 

drive social categorization in neurotypical children and children with ASD. It is possible that the 

latter group’s performance results from a mere observation of a correlation between clothing and 

behavior, while the control group may be more likely to flexibly apply the notion of socially 

constructed groupings to other scenarios and traits as well. Since our study only used one transient 

trait, further studies should be conducted to gain a more in-depth understanding of the mechanisms. 

Despite the above considerations, we believe that the finding that already children have a 

tendency to  assign more relevance to symbolic group distinctions than stable, biologically 

determined features reveals something important about social categorization : that this 

representational system is not conflated with the folk-biology module since it operates on markedly 

different input.  

The result that social categories are viewed as social constructs from an early age is in line 

with studies that highlight the role of social category representations in guiding cultural learning. 

It has been repeatedly shown that children from the age of 14 months prefer to acquire culturally 

relevant knowledge from linguistic in-group members (Buttelmann et al., 2013; Howard et al., 

2015; Oláh et al., 2016; Pető et al., 2018, Altinok, Hernik, Király & Gergely, 2020), but do not 

necessarily use these distinctions to make inferences about the idiosyncratic preferences of 

category members (Buttelmann et al., 2013). Moreover, Krieger and colleagues (2016) failed to 

find similar selectivity in learning when potential teachers differed along race rather than language 
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use. These findings corroborate our result that children from an early age intuitively understand 

the role of social categories in maintaining the coherence of cultures and that not all of the 

observable differences among individuals carry the same weight in this respect. 

These results, however, do not necessarily indicate that social categories cannot be 

essentialized. Rhodes and colleagues have provided compelling evidence that the process through 

which children come to essentialize certain categories is highly susceptible to social input (Rhodes, 

Leslie & Tworek, 2012; Rhodes & Mandalaywala, 2017). In their studies, the use of generic 

language while introducing novel social categories led both children and adults to form essentialist 

beliefs about the category. Nonetheless, it is possible that not every dimension of essentialist 

beliefs will be applied to each of the socially constructed categories: children need not think that 

shirt color reflects innate differences among individuals, yet they may view the distinction as 

inductively powerful. This idea is line with the general finding in the literature that there is 

considerable variance in which aspect of essentialism children apply to social categories (Gelman, 

Heyman & Legare, 2007). 

In closing, it should be mentioned that while social categorization is generally used as an 

umbrella term for every distinction created between humans, it is possible that multiple 

representational systems stand behind these processes. Representations of some primary, 

biologically relevant categories, such as gender or age, may be created through a different 

(evolutionary more ancient) module than those about sports teams. Nonetheless, we argue that to 

navigate through the complex structure of human societies, humans have to be equipped with a 

cognitive faculty that is prepared to handle the mesh network of often overlapping social groups. 

Humans should not only be able to extract generic knowledge about fellow humans from category 

information, but they should also be ready to switch to an alternative way of categorizing people 

in an instant if contextual cues warrant it. We suggest that our results that children have an early 

emerging tendency to assign more weight to transient, symbolic traits in categorization provide 

evidence that the human mind is prepared for this flexibility from early on.  
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Appendix 1. Introduction of the different categories of humans and dogs. 

 

• Set AH, Human figure:  

o “Look! These are the ‘Lomár’-s. They like to play cards. 

o “Look! These are the ‘Helót’-s. They like to go fishing. 

 

• Set AD, Dog figure: 

o “Look! These are the ‘Cserbengóc’-s. They like to play fetch.” 

o “Look! These are the ‘Rekkencs’-s. They like to chase each other.” 

 

• Set BH, Human figure:  

o “Look! These are the ‘Pupák’-s. They like to go hiking.” 

o “Look! These are the ‘Luppancs’-s. They like to go swimming.” 

 

• Set BD, Dog figure:  

o “Look! These are the ‘Bendőc’-s. They like to go hunting.” 

o “Look! These are the ‘Rikács’-s. They like to bark.” 

 

Appendix 2. Demographic characteristics of participants in Experiment 2. 

 

 
ID Sex Mental 

age 

Biological age in months 

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 7M5CKG 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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6. GENERAL DISCUSSION 

The six experimental studies reported in this thesis explored some selected aspects of social 

responsiveness in dogs and humans from a comparative perspective. Our theoretical and 

experimental approach gained inspiration from both developmental and cognitive psychology. 

Collectively, the findings presented in this dissertation highlight both similarities and differences 

in the behavioural and neurophysiological manifestations of socio-cognitive skills in dogs and 

humans.  

Of particular relevance to the present discussion is the evidence that social priming, social 

categorization and audience effect can be found in dog-human interactions. These results, along 

with previously published studies provide further support to the idea that the domestic dog is a 

promising model organism for studying the dimensions of human social competence in general, 

and the different aspects of human social disorders (such as autism spectrum disorder) in more 

particular. 

6.1. Overview of findings from Studies 1-6.  

Study 1 clearly indicates that off-line social cues have the potential to modulate the allocation of 

attention in adult human participants. Specifically, we have found that socially stimulating pre-

treatment (eye contact, physical touch) had a similar, though less pronounced, effect on the 

encoding of different object properties as on-line (‘in-situ’) ostensive-communicative cues. The 

effects of ‘in-situ’ ostensive-referential signals (eye contact, pointing) on the encoding of different 

object properties was first reported by Marno et al. (2014). Using a classic ‘change detection’ 

paradigm they have found that location change detection was easier in non-communicative context 

and that this pattern was reversed in the communicative context. In our study, the pre-treatment 

with social cues 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. 

In their original study, Marno et al. (2014) 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 
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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. 

While the results of Study 1 suggest that intensive social stimulation in itself prepares the nervous 

system for a certain mode of information processing, a pedagogical situation would 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. 

Importantly, however, 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. 

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.  

Besides providing a better understanding of the effect of social context on information processing, 

our results might have relevance for autism research. In fact, autistic people have often difficulties 

with generalization and focus more on the local aspects of the environment (Brown & Bebko, 

2012) and these seriously impair their abilities to learn and interact with others. This is so because 

social learning is based on enhanced processing of intrinsic object features (generalizable object 

information) in ostensive contexts (c.f. Natural Pedagogy - Csibra & Gergely, 2009). Given that 

autistic people have difficulties in social learning (Vivanti & Nuske, 2017), the question arises 

whether they are be less susceptible to the effects of ostensive cues. A recent study (Schuwerk et 

al., 2019) using an adaption of Marno et al.’s change detection task have reported that children 

with autism and neurotypical controls performed similarly. Moreover, their results contradict to 

the predictions of the theory of natural pedagogy because they did not find evidence of preferential 

encoding of the object’s identity at the expense of its location in an ostensive context. Actually, 
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they found a preferential encoding of object identity in the non-ostensive grasping condition both 

in the autistic children and neurotypical control group. 

We should note, however, that although both experiments used the same change detection 

paradigm, there were important differences in the details of the procedures. Namely, Marno et al. 

study (2014) used adult participants whereas, in the study of Schuwerk et al. (2019) the participants 

were 10 year old children. Moreover, the intrinsic feature of the presented target objects (cubes) 

was colour and not shape. It is reasonable to assume that the aforementioned age differences have 

contributed differences in the findings of these studies. From the child’s point of view, the 

prominent intrinsic feature of a particular object may vary across contexts and ostensive signals 

may highlight object features that are otherwise relatively unimportant to the child. In line with 

these, the results of Schuwerk et al. (2019) may stem from the fact that children’s attention was 

biased by social cues towards the location while being constantly attentive to the colour of the 

cube. On the contrary, in the study of Marno et al. (2014) adults detected more likely the location 

change in the baseline condition. Additionally, the results that children with autism spectrum 

disorder have a similar sensitivity to ostensive cues (while still struggling to understand the social 

environment), raises the possibility that autism is not necessarily a social-cognitive disfunction, 

but the deficit may stem from impaired ability to understand the probabilistic nature of social 

interactions. 

The possibilities of stimulating a certain way of attention allocation with off-line social cues raises 

new scientific questions and might open new therapy opportunities. It remains to be clarified 

whether off-line social cues have similar long-lasting effects in people with autism or facilitates 

other kind of information processing.  

In Study 2 we investigated whether pretreatment with positive and negative social stimulation 

would affect subsequent behaviour of dogs in an instrumental helping situation. Although our 

results did not show any effects of different pretreatments on the dogs’ behaviour during the first 

(observation only) phase of the instrumental helping task (i.e. before releasing the dog), it seems 

that both the positive and the negative social interaction have the potential to facilitate certain 

behaviours during the second phase of the task (after release). The fact that we did not see a 

difference in how many times the dogs retrieved the target with respect to the two conditions raises 

the possibility that the two processes (i.e. stimulation by positive and negative affect) might even 
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neutralize each other in terms of their effects. In other words, we may assume that both positive 

and negative interactions have effects in the same direction, only the mechanisms differ – the 

positive route putatively through the affiliation-related oxytocinergic system (Feldman, 2012) 

while the negative one via the motivational effect of social exclusion (Dewall & Richman, 2011). 

Increasing evidence supports the social-behavioural effects of oxytocin not only in humans but 

also in dogs (for a review see Kis et al., 2017). Collectively, the results indicate that positive 

emotional states are associated with approach behaviour, whereas negative ones with avoidance. 

For example, Kis et al. (2015) found in their placebo-controlled 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 Study 2 started to move sooner after the positive pretreatment 

resonates well with these earlier results. The behavioural and physiological consequence(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, Ciarocco, Baumeister, DeWall, & Bartels, 2007), it has also been shown 

that it has the potential to increase prosocial behaviour – through the process of invoking a ’desire 

to reconnect’ (e.g. Chester, DeWall, & Pond, 2016). Kerr and Levine (2008) provide an 

evolutionary explanation for social exclusion: since being excluded from 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 consideration (Miklósi and Topál, 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 

heterospecific partners (Payne, Bennett, & McGreevy, 2015). Moreover, they are skilful at making 

social evaluations (Anderson et al., 2017) and any behaviour serving to reduce social exclusion 

would be highly beneficial. This might result in a motivational and/or attentional increase in dogs 

following social exclusion related experiences. Accordingly, the finding that our dogs looked more 

at the owner after the negative pretreatment might be linked to this ‘desire to reconnect’.  

In conclusion, we believe that the findings of Study 2 add to our understanding of 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 human-dog interactions, the results 
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confirm both the dissociation and some similarities between the impact of positive and negative 

affective states. A possible direction for future research, therefore, would target to disentangle the 

different ways of possible interpretations. 

In Study 3 we investigated whether children’s categorization is flexible enough to handle social 

categories as primarily social constructs that are not necessarily based on biologically determined 

stable characteristics. Humans, living in complex societies, should not only be able to extract 

generic knowledge about fellow humans from category information, but they should also be ready 

to switch to an alternative way of categorizing people in an instant if contextual cues warrant it. 

We hypothesized that if such flexibility is an inherent feature of the naïve sociology module, then 

children should be more likely to view transient markers as defining a human social category than 

in the case of biological kinds (such as animals). Thus, we compared categorization of humans and 

dogs. Moreover, we examined the same effects both in neurotypical children and children 

diagnosed with Autism Spectrum Disorder. It is well-known that the social-cognitive abilities of 

individuals with autism are significantly impaired, yet little is known specifically about how it 

affects social categorization. 

Across two experiments, we have found that the dominant categorization strategy for dog stimuli 

was to match the individual to the group based on permanent features (breed & fur colour). 

Although less robustly, an opposite pattern of results emerged in the case of human stimuli: on the 

majority of occasions, children assumed that an individual belongs with those that share the 

transient trait (t-shirt colour) with them. 

Interestingly, in contrast to other studies, we did not find a robust age effect that would indicate an 

increased focus on ethnicity with increasing age. On the contrary, our results show that children 

across 3-6 years seem to predominantly categorize based on transient features which suggests that 

the naïve sociology module is prepared to deal with high flexibility from very early on. It is also 

important to mention that the same pattern of general results was found for both neurotypical 

children and children with autism despite the fact that this condition is characterized with reduced 

social-cognitive abilities.  

In summary, the results of Study 3 provide solid evidence that children have an early emerging 

tendency to assign more weight to transient, symbolic traits in categorization and thus further 
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support the notion that the human mind is prepared for this flexibility from early on. Since our 

study used only one transient trait, further studies should be conducted to gain a more in-depth 

understanding of the mechanisms. 

Study 4 investigated whether dogs show a tendency to interact differently with adult humans in an 

unsolvable problem (inaccessible toy) situation based on different types of similarities between 

their owners and unfamiliar human partners. Two types of similarity cues were used:(i) familiar 

vs. strange motion pattern and language usage – to test whether dogs’ social preferences are simply 

driven by the familiarity of persistent behavioural characteristics, and (ii) the presence vs. absence 

of a previously unfamiliar ‘clothing cue’. The analysis of dogs’ looking behaviour clearly shows 

that they discriminated between potential helpers based on their owners’ persistent behavioural 

characteristics, even though these similarity cues were unperceivable to the dogs during the test 

trial. We found a marginally significant effect of clothing similar to the one worn by the owner 

only in one variable even though such similarity cue was clearly visible during the test. 

These results provide support for the notion that even a short friendly interaction with an unfamiliar 

human partner is sufficient for dogs to develop some expectations about future interactions with 

this person. More specifically, dogs may expect the potential helper with less similar behaviour 

and language not to be as cooperative as the similar one, and/or they expect lower responsiveness 

(willingness to help) from her. Similarity to the owner might have an important role, but obviously 

not the only important experience of the dog about the human behaviour pattern. Dogs may find 

the familiar behaviour more predictable relying on prior experiences with humans in general.  

This phenomenon of selective interactivity in dogs bears some similarity to behavioural 

manifestations of social evaluation processes that underlie ingroup favouritism and social 

discrimination in human children. Ample evidence suggests that dogs, like preverbal infants, are 

sophisticated social learners and they have unique ability to perceive and respond to human 

communicative gestures and emotions (see Topál, Kis & Oláh, 2014 for a review). Based on these, 

it is reasonable to assume that social categorization mechanisms in dogs rely on simple associative 

learning processes rather than cognitive representation of social categories. Dogs can readily learn 

to assign positive or negative values to a wide range of human behaviours (including body motion 

patterns, language familiarity etc.) through the observation of their owner’s behavioural reactions 

and as a result they react differently to humans based on the overall value which has been 

associated with the behaviour the human partner is displaying. Although the extent to which human 
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infants rely on associative learning as a fundamental process underlying social category-based 

thinking is still unclear and calls for further investigation (Paolini, Harris, & Griffin, 2016), results 

from the current study raise the hypothesis that functionally human analogue forms of social 

categorization may have emerged in dogs.  

In summary, the results of Study 4 point to an intriguing aspect of social cognition in dogs, the 

capacity for social categorization, which can promote the choice of an appropriate human partner 

to engage in successful cooperation. Dogs seem to be able to develop social engagement based on 

prior social interactions with potential human partners in a situation, in which not simply the 

positive or negative outcome of the human’s actions or the familiarity of the partner, but the 

similarity of the human behaviour is a feature that has the potential to trigger the dogs’ social 

preference. Future work should include an investigation of other features that could become 

triggers for the social evaluation system in dogs and it would also be important to uncover the 

decision rules underlying social preference formation in dogs.  

In Study 5 we investigated whether dogs show a tendency to change their behaviour according to 

the visual attention of familiar and unfamiliar human partners in a situation in which human 

partners disallowed the dog from eating a piece of food.  

Our results clearly indicates that dogs’ willingness to obey was unaffected by changes in either 

their owner’s or an unfamiliar human’s attentional state and this may suggest that dogs were 

insensitive to the focus of human visual attention (i.e. attentive vs. inattentive) in this particular 

situation. But we may assume that the lack of context-specific differences in dogs’ willingness to 

obey was not due to dogs’ inability to perceive the focus of human visual attention, but at least 

partly because there were no changes from trial to trial in dogs’ anxiety, and thus, there were no 

changes in their desire to consume the forbidden food. 

There is, however, an intriguing and previously unexplored aspect of dogs’ behaviour in the 

‘forbidden food’ task in Study 5: the relationship between the human observer and the dog. Our 

results clearly showed that, contrary to our expectations, dogs’ social relationship with the visually 

attentive human partner (owner vs. unfamiliar experimenter) had no additional effect on their 

willingness to obey. This finding suggests that the mere presence of the owners during trials is a 

robust factor that overrides the effect of changes in audience familiarity. In other words, the 

presence of the owner predominantly determines the dogs’ behaviour and the identity of the 

attentive or inattentive partner has little (if any) relevance to dogs’ decisions about breaking or 
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following the rule. The effect of ‘mere presence’ on dogs’ decision making seem to correspond 

with human studies suggesting that the physical presence of an inattentive partner (i.e. the mere 

possibility of social interaction) can alter adult participants’ social attention and thus sufficient to 

affect their behaviour in task situations (Laidlaw, Foulsham, Kuhn, & Kingstone, 2011). 

The analyses of subgroups responding differently to the obedience challenge (‘fully obedient’; 

‘ignorer’; ‘hesitating’) shed light on further interesting findings. Dogs who ate the food 

immediately after placing it on the table (‘ignorer’ subgroup) not only totally ignored humans’ 

command but they were completely insensitive to the presence of familiar and unfamiliar humans 

showing different visual attention, and they did not display any signs of ‘guilty’ behaviour. In 

contrast, dogs of ‘fully obedient’ subgroup focused their attention towards their owners throughout 

the trial and they were seemingly waiting for their owners’ permission independently from his/her 

attentional focus. Importantly, the gazing behaviour of ‘hesitating’ dogs appeared to be much more 

sensitive to the contextual changes. First, unlike other dogs, they initially preferred to watch the 

food (this may indicate that the dog is struggling with temptation) while also looking towards the 

owner more than the experimenter. Second, after violating the rule (eating the forbidden food) the 

dogs of ‘hesitating’ subgroup continued to display a significant attention bias toward their owners 

but only in those trials in which their owners were visually attentive (i.e. Attentive owner 

condition). The finding that these dogs were sensitive to their owners’ attentional stance may 

reflect intriguing differences between the two subgroups of disobedient dogs (i.e. ‘ignorer’ vs. 

‘hesitating’ subjects). Namely, the gazing behaviour of hesitating dogs – after having eaten the 

forbidden food – may be interpreted as apprehensive behaviour (worrying about disobedience) or 

as a so called ‘guilty look’ (Hecht, Miklósi, & Gácsi, 2012). Note, however, that Hecht and 

colleagues in their study (2012) did not find significant differences in the emergence of associated 

behaviours of “guilt” between dogs that broke the rule and ate the forbidden food in owners’ 

absences and dogs that did not. 

In summary, the results of Study 5 provide further support for notion that dogs, while being faced 

with an obedience challenge, perform different visual monitoring strategies in the presence of their 

caregiver and an unfamiliar observer. Our findings also point to the context-dependent nature of 

audience effect in dogs and highlight the importance of frequently ignored individual differences 

in dogs’ tendency to conform to the situational rules.  

The aim of Study 6 was to assess the potential effect of human visual attention on dogs’ 
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performance in a repetitive, relatively monotonous fetching (object retrieval) task. Behavioural 

observations were complemented with the owner’s reports of their relationships with dogs 

(assessed by means of an owner-pet attachment questionnaire) and dogs’ spectral EEG sleep 

profile (recorded during 3-hour-long daytime sleep) and this lends our study a pioneering 

character. 

Contrary to our expectations, we found that, independently of their owners’ attentional state 

(attentive vs. inattentive), dogs were generally willing to follow the experimenter's instructions 

and to comply with the fetching task. But the effect of owners’ attention manifested itself through 

dogs’ toy- and owner-related behaviours. That is, they were faster to approach the toy object in the 

presence of an attentive owner, gazed significantly longer at their owners and were more willing 

to offer the toy to their owners when she/he was paying attention. The observed context-dependent 

changes in dogs’ behaviour are reminiscent of effects of peer influence observed in humans (for a 

review see Guerin, 1986) and generally support Zajonc’s theory of social facilitation (c.f. drive 

theory – Zajonc, 1965). That is, we may assume that like in humans, the attentive (though passive) 

presence of others increases subjects’ arousal which in turn has the potential to promote social 

engagement and to facilitate task-related behaviours in dogs.  

Moreover, our study provides evidence that characteristics of relationship insecurity may predict 

some aspects of dogs’ task persistence and performance. This finding suggests the existence of 

complex associations between audience effect in dogs and characteristics of dog-human caregiver 

relationship. However, it remains to be investigated which factors really determine the 

relationship. It seems reasonable to assume that not only the relationship insecurity but other 

characteristics of pet-owner relationship as well as the dog’s personality contribute to the 

behavioural effects of being watched by human caregiver. 

Analysing the relationship between dogs’ sleep EEG spectrum and fetching task behaviour is a 

pioneering approach to investigate the neuro-cognitive link between dogs’ personality traits and 

their susceptibility to audience effect. Results show several correlations between difference scores 

and their baseline brain activity. It appears thus that dogs’ individual susceptibility to audience 

effect is a trait-like characteristic reflected in the EEG spectral power of both REM and Non-REM 

sleep as well as in pre-sleep (drowsiness).  

Regarding the relationship between dogs’ task performance and sleep EEG spectrum we found 

that change in dogs’ tendency to follow the experimenter's instructions was positively correlated 
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with the relative EEG spectrum at the higher frequencies. Moreover, the difference score for dogs’ 

tendency to approach the toy was positively correlated with REM theta, and negatively correlated 

with low frequency delta during REM and Non-REM. 

It should also be noted that some aspects of the human-dog relationship insecurity also reflected 

in the spectral characteristics of dogs’ sleep EEG. Both Pet-related Anxiety- and Avoidance Scales 

had a robust association with beta band, but in opposite directions: higher scores of Anxiety and 

lower scores of Avoidance Scale were related to increased beta activity in Drowsiness. Based on 

evidence from human studies, we may assume that the increased high frequency EEG activity in 

dogs’ that tended to show a greater change in following the experimenter's instructions and in 

gazing towards their owners can be interpreted as a sign of poorer sleep quality.   

In sum the results obtained in Study 6 suggest, that despite their comparable task persistence in 

the Attentive- and Inattentive Owner conditions, dogs showed several behavioural differences that 

reflected the effect of owners’ visual attention. That is, dogs accomplish the prerequisites of a 

human-like sensitivity to being watched, a capacity which might be linked to more complex 

mechanisms, such as self-presentation or reputation management, helping the two species to 

become effective social partners. Their behaviour was further related to trait-like parameters such 

as the owner-dog relationship as well dogs’ brain activity during sleep. Indeed, there is a need for 

further research to address directly the link between audience effect and the dog-human attachment 

focusing on the dog’s attachment styles, along with the effects of other personality factors 

(including trait-like parameters such as the dogs’ brain activity during sleep). 

 

7. SUMMARY AND CONCLUSION  

The studies presented in this doctoral thesis illustrate conceptual and methodological 

advancements related to social stimulation (Thesis point 1), social categorization (Thesis point 2) 

and audience effect (Thesis point 3).  

In summary, this work provides evidence on the priming effects of social stimulation on both 

humans’ and dogs’ behaviour. Moreover, we showed that human children are able to efficiently 

represent the complex structure of human societies where social groupings may change 

dynamically and overlap with each other. We also provided results showing that functionally 

human infant-analogue forms of social categorization may have emerged in dogs. We presented 
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that dogs accomplish the prerequisites of the so-called audience effect. Our findings highlight the 

context-dependent nature of audience effect in dogs and shows that their behaviour might be linked 

to trait-like parameters such as the owner-dog relationship as well dogs’ brain activity during sleep.  

All these suggest that dogs, like young children, are well-equipped for gathering information from 

social interactions. In many respects, their abilities are comparable to those of human children, if 

not in complexity, certainly in function, which can promote the choice of an appropriate human 

partner to engage in successful cooperation.  

We have highlighted some similarities and differences between human and canine social 

susceptibility that lead towards the usage of the domestic dogs as a potential model of human 

autism spectrum disorder. Further experiments within the field of translational research should 

attempt to test atypical social behaviour or dysfunctions in dog-human communication as well as 

the underlying neuronal substrates in order to reveal possibly human like autism symptomology.  

 

 

8. REFERENCES 

 Breed differences in domestic dogs’ ( Canis familiaris ) comprehension of human communicative 

signals . (2009). Interaction StudiesInteraction Studies. Social Behaviour and 

Communication in Biological and Artificial Systems, 10(2), 206–224. 

https://doi.org/10.1075/is.10.2.06wob 

Adolphs, R. (2003). Cognitive neuroscience of human social behaviour. Nature Reviews 

Neuroscience, 4(3), 165–178. https://doi.org/10.1038/nrn1056 

Adolphs, R., & Spezio, M. (2006). Role of the amygdala in processing visual social stimuli. 

Progress in Brain Research, 156, 363–378. https://doi.org/10.1016/S0079-6123(06)56020-0 

Aiello, J. R., & Douthitt, E. A. (2001). Social facilitation from triplett to electronic performance 

monitoring. Group Dynamics. American Psychological Association Inc. 

https://doi.org/10.1037/1089-2699.5.3.163 

Allport, F. H. (1920). The influence of the group upon association and thought. Journal of 



172 
 

Experimental Psychology, 3(3), 159–182. https://doi.org/10.1037/h0067891 

Amodio, D. M., & Frith, C. D. (2006). Meeting of minds: The medial frontal cortex and social 

cognition. Nature Reviews Neuroscience. https://doi.org/10.1038/nrn1884 

Anderson, J. R., Bucher, B., Chijiiwa, H., Kuroshima, H., Takimoto, A., & Fujita, K. (2017). 

Third-party social evaluations of humans by monkeys and dogs. Neuroscience and 

Biobehavioral Reviews. Elsevier Ltd. https://doi.org/10.1016/j.neubiorev.2017.01.003 

Anzures, G., Quinn, P. C., Pascalis, O., Slater, A. M., & Lee, K. (2013). Development of own-race 

biases. Visual Cognition. Routledge. https://doi.org/10.1080/13506285.2013.821428 

Appleby, D., & Pluijmakers, J. (2004). Separation anxiety in dogs: The function of homeostasis in 

its development and treatment. Clinical Techniques in Small Animal Practice, 19(4), 205–

215. https://doi.org/10.1053/j.ctsap.2004.10.002 

Axelrod, R., Hammond, R. A., & Grafen, A. (2004). Altruism via kin-selection strategies that rely 

on arbitrary tags with which they coevolve. Evolution, 58(8), 1833–1838. 

https://doi.org/10.1111/j.0014-3820.2004.tb00465.x 

Aydemir, O., Akkaya, C., Uykur, B., & Erol, A. (2013). Effect of facial emotion recognition on 

subjective psychosocial functioning in bipolar patients. Acta Psychiatrica Scandinavica, 

127(5), 412–413. https://doi.org/10.1111/acps.12069 

Baez, S., Pinasco, C., Roca, M., Ferrari, J., Couto, B., García-Cordero, I., … Torralva, T. (2019). 

Brain structural correlates of executive and social cognition profiles in behavioral variant 

frontotemporal dementia and elderly bipolar disorder. Neuropsychologia, 126, 159–169. 

https://doi.org/10.1016/j.neuropsychologia.2017.02.012 

Baillon, A., Selim, A., & van Dolder, D. (2013). On the social nature of eyes: The effect of social 

cues in interaction and individual choice tasks. Evolution and Human Behavior, 34(2), 146–

154. https://doi.org/10.1016/j.evolhumbehav.2012.12.001 

Bales, K. L., & Carter, C. S. (2003). Sex differences and developmental effects of oxytocin on 

aggression and social behavior in prairie voles (Microtus ochrogaster). Hormones and 

Behavior, 44(3), 178–184. https://doi.org/10.1016/s0018-506x(03)00154-5 



173 
 

Balliet, D., Wu, J., & De Dreu, C. K. W. (2014). Ingroup favoritism in cooperation: a meta-

analysis. Psychological Bulletin, 140(6), 1556–1581. https://doi.org/10.1037/a0037737 

Balsters, J. H., Apps, M. A. J., Bolis, D., Lehner, R., Gallagher, L., & Wenderoth, N. (2016). 

Disrupted prediction errors index social deficits in autism spectrum disorder. Brain, 140(1), 

235–246. https://doi.org/10.1093/brain/aww287 

Bar-Haim, Y., Ziv, T., Lamy, D., & Hodes, R. M. (2006). Nature and nurture in own-race face 

processing. Psychological Science, 17(2), 159–163. https://doi.org/10.1111/j.1467-

9280.2006.01679.x 

Bargh, J. A. (2006). What have we been priming all these years? On the development, mechanisms, 

and ecology of nonconscious social behavior. European Journal of Social Psychology, 36(2), 

147–168. https://doi.org/10.1002/ejsp.336 

Bargh, J. A., Chen, M., & Burrows, L. (1996). Automaticity of Social Behavior: Direct Effects of 

Trait Construct and Stereotype Activation on Action. Journal of Personality and Social 

Psychology Psychological Association. Inc (Vol. 71). 

Baron-Cohen, S., Leslie, A. M., & Frith, U. (1985). Does the autistic child have a “theory of 

mind” ? Cognition, 21(1), 37–46. https://doi.org/10.1016/0010-0277(85)90022-8 

Baron-Cohen, S., Richler, J., Bisarya, D., Gurunathan, N., & Wheelwright, S. (2003). The 

systemizing quotient: an investigation of adults with Asperger syndrome or high–functioning 

autism, and normal sex differences. Philosophical Transactions of the Royal Society of 

London. Series B: Biological Sciences, 358(1430), 361–374. 

https://doi.org/10.1098/rstb.2002.1206 

Baron-Cohen, S., Ring, H. A., Wheelwright, S., Bullmore, E. T., Brammer, M. J., Simmons, A., 

& Williams, S. C. R. (1999). Social intelligence in the normal and autistic brain: An fMRI 

study. European Journal of Neuroscience, 11(6), 1891–1898. https://doi.org/10.1046/j.1460-

9568.1999.00621.x 

Batista, S., d’Almeida, O. C., Afonso, A., Freitas, S., Macário, C., Sousa, L., … Cunha, L. (2017). 

Impairment of social cognition in multiple sclerosis: Amygdala atrophy is the main predictor. 



174 
 

Multiple Sclerosis (Houndmills, Basingstoke, England), 23(10), 1358–1366. 

https://doi.org/10.1177/1352458516680750 

Baumeister, R. F. (1982). A self-presentational view of social phenomena. Psychological Bulletin, 

91(1), 3–26. https://doi.org/10.1037/0033-2909.91.1.3 

Baumeister, R. F., & Showers, C. J. (1986). A review of paradoxical performance effects: Choking 

under pressure in sports and mental tests. European Journal of Social Psychology, 16(4), 

361–383. https://doi.org/10.1002/ejsp.2420160405 

Bauminger-Zviely, N. (2013). Social and academic abilities in children with high-functioning 

autism spectrum disorders. Social and academic abilities in children with high-functioning 

autism spectrum disorders. New York,  NY,  US: Guilford Press. 

Beacher, F. D., Minati, L., Baron-Cohen, S., Lombardo, M. V., Lai, M. C., Gray, M. A., … 

Critchley, H. D. (2012). Autism attenuates sex differences in brain structure: A combined 

voxel-based morphometry and diffusion tensor imaging study. American Journal of 

Neuroradiology, 33(1), 83–89. https://doi.org/10.3174/ajnr.A2880 

Bebko, J. M., Weiss, J. A., Demark, J. L., & Gomez, P. (2006). Discrimination of temporal 

synchrony in intermodal events by children with autism and children with developmental 

disabilities without autism. Journal of Child Psychology and Psychiatry and Allied 

Disciplines, 47(1), 88–98. https://doi.org/10.1111/j.1469-7610.2005.01443.x 

Beerda, B., Schilder, M. B. H., Van Hooff, J. A. R. A. M., De Vries, H. W., & Mol, J. A. (1999). 

Chronic stress in dogs subjected to social and spatial restriction. I. Behavioral responses. 

Physiology and Behavior, 66(2), 233–242. https://doi.org/10.1016/S0031-9384(98)00289-3 

Behrens, T. E. J., Hunt, L. T., & Rushworth, M. F. S. (2009). The computation of social behavior. 

Science. American Association for the Advancement of Science. 

https://doi.org/10.1126/science.1169694 

Beilock, S. L., & DeCaro, M. S. (2007). From Poor Performance to Success Under Stress: Working 

Memory, Strategy Selection, and Mathematical Problem Solving Under Pressure. Journal of 

Experimental Psychology: Learning Memory and Cognition, 33(6), 983–998. 



175 
 

https://doi.org/10.1037/0278-7393.33.6.983 

Belletier, C., Davranche, K., Tellier, I. S., Dumas, F., Vidal, F., Hasbroucq, T., & Huguet, P. 

(2015). Choking under monitoring pressure: being watched by the experimenter reduces 

executive attention. Psychonomic Bulletin and Review, 22(5), 1410–1416. 

https://doi.org/10.3758/s13423-015-0804-9 

Belmonte, M. K., Allen, G., Beckel-Mitchener, A., Boulanger, L. M., Carper, R. A., & Webb, S. 

J. (2004). Autism and abnormal development of brain connectivity. In Journal of 

Neuroscience (Vol. 24, pp. 9228–9231). Society for Neuroscience. 

https://doi.org/10.1523/JNEUROSCI.3340-04.2004 

Bence, M., Marx, P., Szantai, E., Kubinyi, E., Ronai, Z., & Banlaki, Z. (2017). Lessons from the 

canine Oxtr gene: populations, variants and functional aspects. Genes, Brain and Behavior, 

16(4), 427–438. https://doi.org/10.1111/gbb.12356 

Bernier, R., Dawson, G., Webb, S., & Murias, M. (2007). EEG mu rhythm and imitation 

impairments in individuals with autism spectrum disorder. Brain and Cognition, 64(3), 228–

237. https://doi.org/10.1016/j.bandc.2007.03.004 

Bertschy, K., Skorich, D. P., & Haslam, S. A. (2019). Self-categorization and Autism: Exploring 

the Relationship Between Autistic Traits and Ingroup Favouritism in the Minimal Group 

Paradigm. Journal of Autism and Developmental Disorders, 1–16. 

https://doi.org/10.1007/s10803-019-04149-z 

Bickart, K. C., Dickerson, B. C., & Barrett, L. F. (2014,). The amygdala as a hub in brain networks 

that support social life. Neuropsychologia. Elsevier Ltd. 

https://doi.org/10.1016/j.neuropsychologia.2014.08.013 

Bond, C. F. (1982). Social facilitation: A self-presentational view. Journal of Personality and 

Social Psychology, 42(6), 1042–1050. https://doi.org/10.1037/0022-3514.42.6.1042 

Botigué, L. R., Song, S., Scheu, A., Gopalan, S., Pendleton, A. L., Oetjens, M., … Veeramah, K. 

R. (2017). Ancient European dog genomes reveal continuity since the Early Neolithic. Nature 

Communications, 8(1), 1–11. https://doi.org/10.1038/ncomms16082 



176 
 

Bowlby, J. (1960). Separation Anxiety: A critical review of  the literature. Journal of Child 

Psychology and Psychiatry. https://doi.org/10.1111/j.1469-7610.1960.tb01999.x 

Brandwein, A. B., Foxe, J. J., Butler, J. S., Russo, N. N., Altschuler, T. S., Gomes, H., & Molholm, 

S. (2013). The development of multisensory integration in high-functioning autism: high-

density electrical mapping and psychophysical measures reveal impairments in the processing 

of audiovisual inputs. Cerebral Cortex (New York, N.Y. : 1991), 23(6), 1329–1341. 

https://doi.org/10.1093/cercor/bhs109 

Broder-Fingert, S., Brazauskas, K., Lindgren, K., Iannuzzi, D., & Van Cleave, J. (2014). 

Prevalence of overweight and obesity in a large clinical sample of children with autism. 

Academic Pediatrics, 14(4), 408–414. https://doi.org/10.1016/j.acap.2014.04.004 

Brothers, L. (1990). The neural basis of primate social communication. Motivation and Emotion, 

14(2), 81–91. https://doi.org/10.1007/BF00991637 

Brown, S. M., & Bebko, J. M. (2012). Generalization, overselectivity, and discrimination in the 

autism phenotype: A review. Research in Autism Spectrum Disorders. 

https://doi.org/10.1016/j.rasd.2011.10.012 

Bunford, N., Andics, A., Kis, A., Miklósi, Á., & Gácsi, M. (2017). Canis familiaris As a Model 

for Non-Invasive Comparative Neuroscience. Trends in Neurosciences. Elsevier Ltd. 

https://doi.org/10.1016/j.tins.2017.05.003 

Burnham, T. (2003). Engineering altruism: a theoretical and experimental investigation of 

anonymity and gift giving. Journal of Economic Behavior &amp; Organization, 50(1), 133–

144. Retrieved from https://econpapers.repec.org/RePEc:eee:jeborg:v:50:y:2003:i:1:p:133-

144 

Burnham, T. C., & Hare, B. (2007). Engineering human cooperation : Does involuntary neural 

activation increase public goods contributions? Human Nature, 18(2), 88–108. 

https://doi.org/10.1007/s12110-007-9012-2 

Buttner, A. P. (2016). Neurobiological underpinnings of dogs’ human-like social competence: 

How interactions between stress response systems and oxytocin mediate dogs’ social skills. 



177 
 

Neuroscience and Biobehavioral Reviews. Elsevier Ltd. 

https://doi.org/10.1016/j.neubiorev.2016.08.029 

Cage, E., Pellicano, E., Shah, P., & Bird, G. (2013). Reputation Management: Evidence for Ability 

But Reduced Propensity in Autism. Autism Research, 6(5), 433–442. 

https://doi.org/10.1002/aur.1313 

Call, J., Bräuer, J., Kaminski, J., & Tomasello, M. (2003). Domestic Dogs (Canis familiaris) Are 

Sensitive to the Attentional State of Humans. Journal of Comparative Psychology, 117(3), 

257–263. https://doi.org/10.1037/0735-7036.117.3.257 

Campbell, M. W., & de Waal, F. B. M. (2011). Ingroup-Outgroup Bias in Contagious Yawning 

by Chimpanzees Supports Link to Empathy. PLoS ONE, 6(4), e18283. 

https://doi.org/10.1371/journal.pone.0018283 

Carballo, F., Freidin, E., Putrino, N., Shimabukuro, C., Casanave, E., & Bentosela, M. (2015). 

Dog’s discrimination of human selfish and generous attitudes: The role of individual 

recognition, experience, and experimenters’ gender. PLoS ONE, 10(2), e0116314. 

https://doi.org/10.1371/journal.pone.0116314 

Carter, C. S. (2014). Oxytocin Pathways and the Evolution of Human Behavior. Annual Review of 

Psychology, 65(1), 17–39. https://doi.org/10.1146/annurev-psych-010213-115110 

Castelli, F. (2002). Autism, Asperger syndrome and brain mechanisms for the attribution of mental 

states to animated shapes. Brain, 125(8), 1839–1849. https://doi.org/10.1093/brain/awf189 

Cattaneo, L., Fabbri-Destro, M., Boria, S., Pieraccini, C., Monti, A., Cossu, G., & Rizzolatti, G. 

(2007). Impairment of actions chains in autism and its possible role in intention 

understanding. Proceedings of the National Academy of Sciences of the United States of 

America, 104(45), 17825–17830. https://doi.org/10.1073/pnas.0706273104 

Chawarska, K., Macari, S., & Shic, F. (2012). Context modulates attention to social scenes in 

toddlers with autism. Journal of Child Psychology and Psychiatry, 53(8), 903–913. 

https://doi.org/10.1111/j.1469-7610.2012.02538.x 

Chawarska, K., Macari, S., & Shic, F. (2013). Decreased spontaneous attention to social scenes in 



178 
 

6-month-old infants later diagnosed with autism spectrum disorders. Biological Psychiatry, 

74(3), 195–203. https://doi.org/10.1016/j.biopsych.2012.11.022 

Chester, D. S., DeWall, C. N., & Pond, R. S. (2016). The push of social pain: Does rejection’s 

sting motivate subsequent social reconnection? Cognitive, Affective and Behavioral 

Neuroscience, 16(3), 541–550. https://doi.org/10.3758/s13415-016-0412-9 

Chevallier, C., Kohls, G., Troiani, V., Brodkin, E. S., & Schultz, R. T. (2012). The social 

motivation theory of autism. Trends in Cognitive Sciences. Elsevier Ltd. 

https://doi.org/10.1016/j.tics.2012.02.007 

Chevallier, C., Molesworth, C., & Happé, F. (2012). Diminished social motivation negatively 

impacts reputation management: Autism spectrum disorders as a case in point. PLoS ONE, 

7(1), e31107. https://doi.org/10.1371/journal.pone.0031107 

Chevallier, C., Parish-Morris, J., Tonge, N., Le, L., Miller, J., & Schultz, R. T. (2014). 

Susceptibility to the audience effect explains performance gap between children with and 

without autism in a theory of mind task. Journal of Experimental Psychology: General, 

143(3), 972–979. https://doi.org/10.1037/a0035483 

Chevallier, C., Parish-Morris, J., Tonge, N., Le, L., Miller, J., Schultz, R. T., & Carlisle, G. K. 

(2014). Susceptibility to the audience effect explains performance gap between children with 

and without autism in a theory of mind task. Journal of Autism and Developmental Disorders, 

45(3), 1137–1145. https://doi.org/10.1037/a0035483 

Choi, U.-S., Kim, S.-Y., Sim, H. J., Lee, S.-Y., Park, S.-Y., Jeong, J.-S., … Cheon, K.-A. (2015). 

Abnormal Brain Activity in Social Reward Learning in Children with Autism Spectrum 

Disorder: An fMRI Study. Yonsei Medical Journal, 56(3), 705. 

https://doi.org/10.3349/ymj.2015.56.3.705 

Church, B., Krauss, M. S., Lopata, C., Toomey, J. A., Thomeer, M. L., Coutinho, M. V., … 

Mercado, E. (2010). Atypical categorization in children with high-functioning autism 

spectrum disorder. Psychonomic Bulletin and Review, 17(6), 862–868. 

https://doi.org/10.3758/PBR.17.6.862 



179 
 

Cohen, E. (2012). The evolution of tag-based cooperation in humans: The case for accent. Current 

Anthropology, 53(5), 588–616. https://doi.org/10.1086/667654 

Colbert-White, E. N., Tullis, A., Andresen, D. R., Parker, K. M., & Patterson, K. E. (2018). Can 

dogs use vocal intonation as a social referencing cue in an object choice task? Animal 

Cognition, 21(2), 253–265. https://doi.org/10.1007/s10071-018-1163-5 

Cook, J. L., & Bird, G. (2012). Atypical social modulation of imitation in autism spectrum 

conditions. Journal of Autism and Developmental Disorders, 42(6), 1045–1051. 

https://doi.org/10.1007/s10803-011-1341-7 

Cooper, K., Smith, L. G. E., & Russell, A. (2017). Social identity, self-esteem, and mental health 

in autism. European Journal of Social Psychology, 47(7), 844–854. 

https://doi.org/10.1002/ejsp.2297 

Coppinger, B., Cannistraci, R. A., Karaman, F., Kyle, S. C., Hobson, E. A., Freeberg, T. M., & 

Hay, J. F. (2017). Studying audience effects in animals: what we can learn from human 

language research. Animal Behaviour, 124, 161–165. 

https://doi.org/10.1016/j.anbehav.2016.12.020 

Coppinger, R., & Coppinger, L. (2002). Dogs : a new understanding of canine origin, behavior, 

and evolution. University of Chicago Press. 

Coppinger, R., Coppinger, L., & Beck, A. M. (2017). What is a dog? 

Cotter, J., Granger, K., Backx, R., Hobbs, M., Looi, C. Y., & Barnett, J. H. (2018). Social cognitive 

dysfunction as a clinical marker: A systematic review of meta-analyses across 30 clinical 

conditions. Neuroscience and Biobehavioral Reviews. Elsevier Ltd. 

https://doi.org/10.1016/j.neubiorev.2017.11.014 

Cottler, N. B., Wack, D. L., Sekerak, G. J., & Rittle, R. H. (1968). Social facilitation of dominant 

responses by the presence of an audience and the mere presence of others. Journal of 

Personality and Social Psychology, 9(3), 245–250. https://doi.org/10.1037/h0025902 

Csányi, V. (2000). The ‘human behavior complex’ and the compulsion of communication: Key 

factors of human evolution. Semiotica, 128(3–4), 243–258. 



180 
 

https://doi.org/10.1515/semi.2000.128.3-4.243 

Csibra, G., & Gergely, G. (2009). Natural pedagogy. Trends in Cognitive Sciences, 13(4), 148–

153. https://doi.org/10.1016/j.tics.2009.01.005 

Csibra, G., & Gergely, G. (2011). Natural pedagogy as evolutionary adaptation. Philosophical 

Transactions of the Royal Society B: Biological Sciences. Royal Society. 

https://doi.org/10.1098/rstb.2010.0319 

Csibra, G., & György, G. (2006). Social learning and social cognition: The case for pedagogy. 

Attention and Performance, 21, 249–274. 

Dale, R., Quervel-Chaumette, M., Huber, L., Range, F., & Marshall-Pescini, S. (2016). Task 

Differences and Prosociality; Investigating Pet Dogs’ Prosocial Preferences in a Token 

Choice Paradigm. PLOS ONE, 11(12), e0167750. 

https://doi.org/10.1371/journal.pone.0167750 

Dapretto, M., Davies, M. S., Pfeifer, J. H., Scott, A. A., Sigman, M., Bookheimer, S. Y., & 

Iacoboni, M. (2006). Understanding emotions in others: Mirror neuron dysfunction in 

children with autism spectrum disorders. Nature Neuroscience, 9(1), 28–30. 

https://doi.org/10.1038/nn1611 

Dewall, C. N., & Richman, S. B. (2011). Social Exclusion and the Desire to Reconnect. Social and 

Personality Psychology Compass. https://doi.org/10.1111/j.1751-9004.2011.00383.x 

Dindo, M., & De Waal, F. B. M. (2007). Partner Effects on Food Consumption in Brown Capuchin 

Monkeys. American Journal of Primatology, 69, 1–9. https://doi.org/10.1002/ajp.20362 

Dodman, N H, Bronson, R., & Gliatto, J. (1993). Tail chasing in a bull terrier. Journal of the 

American Veterinary Medical Association, 202(5), 758–760. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/8454509 

Dodman, Nicholas H., Ginns, E. I., Shuster, L., Moon-Fanelli, A. A., Galdzicka, M., Zheng, J., … 

Neff, M. W. (2016). Genomic Risk for Severe Canine Compulsive Disorder , a Dog Model of 

Human OCD. 



181 
 

Dölen, G., Darvishzadeh, A., Huang, K. W., & Malenka, R. C. (2013). Social reward requires 

coordinated activity of nucleus accumbens oxytocin and serotonin. Nature, 501(7466), 179–

184. https://doi.org/10.1038/nature12518 

Domes, G., Heinrichs, M., Gläscher, J., Büchel, C., Braus, D. F., & Herpertz, S. C. (2007). 

Oxytocin Attenuates Amygdala Responses to Emotional Faces Regardless of Valence. 

Biological Psychiatry, 62(10), 1187–1190. https://doi.org/10.1016/j.biopsych.2007.03.025 

Donaldson, Z. R., & Young, L. J. (2008). Oxytocin, vasopressin, and the neurogenetics of sociality. 

Science. https://doi.org/10.1126/science.1158668 

Dunbar, R. I.M. (1992). Neocortex size as a constraint on group size in primates. Journal of Human 

Evolution, 22(6), 469–493. https://doi.org/10.1016/0047-2484(92)90081-J 

Dunbar, R. I.M., & Shultz, S. (2007). Understanding primate brain evolution. In Philosophical 

Transactions of the Royal Society B: Biological Sciences (Vol. 362, pp. 649–658). Royal 

Society. https://doi.org/10.1098/rstb.2006.2001 

Dunbar, Robin I. M. (1998). The social brain hypothesis. Evolutionary Anthropology: Issues, 

News, and Reviews, 6(5), 178–190. https://doi.org/10.1002/(SICI)1520-

6505(1998)6:5<178::AID-EVAN5>3.0.CO;2-8 

Duranton, C., & Gaunet, F. (2015). Canis sensitivus: Affiliation and dogs’ sensitivity to others’ 

behavior as the basis for synchronization with humans? Journal of Veterinary Behavior: 

Clinical Applications and Research. Elsevier USA. 

https://doi.org/10.1016/j.jveb.2015.08.008 

Durkin, M. S., Maenner, M. J., Meaney, F. J., Levy, S. E., DiGuiseppi, C., Nicholas, J. S., … 

Schieve, L. A. (2010). Socioeconomic Inequality in the Prevalence of Autism Spectrum 

Disorder: Evidence from a U.S. Cross-Sectional Study. PLoS ONE, 5(7), e11551. 

https://doi.org/10.1371/journal.pone.0011551 

Dzieweczynski, T. L., Earley, R. L., Green, T. M., & Rowland, W. J. (2005). Audience effect is 

context dependent in Siamese fighting fish, Betta splendens. Behavioral Ecology, 16(6), 

1025–1030. https://doi.org/10.1093/beheco/ari088 



182 
 

Engelmann, J. M., Herrmann, E., & Tomasello, M. (2016). The effects of being watched on 

resource acquisition in chimpanzees and human children. Animal Cognition, 19(1), 147–151. 

https://doi.org/10.1007/s10071-015-0920-y 

Evans, C. S., & Marler, P. (1994). Food calling and audience effects in male chickens, Gallus 

gallus: Their relationships to food availability, courtship and social facilitation. Animal 

Behaviour, 47(5), 1159–1170. https://doi.org/10.1006/anbe.1994.1154 

Falck-Ytter, T., Bölte, S., & Gredebäck, G. (2013). Eye tracking in early autism research. Journal 

of Neurodevelopmental Disorders. BioMed Central Ltd. https://doi.org/10.1186/1866-1955-

5-28 

Farroni, T., Csibra, G., Simion, F., & Johnson, M. H. (2002). Eye contact detection in humans 

from birth. Proceedings of the National Academy of Sciences of the United States of America. 

https://doi.org/10.1073/pnas.152159999 

Fehr, E., & Camerer, C. F. (2007). Social neuroeconomics: the neural circuitry of social 

preferences. Trends in Cognitive Sciences. https://doi.org/10.1016/j.tics.2007.09.002 

Feldman, R. (2012). Oxytocin and social affiliation in humans. Hormones and Behavior. 

https://doi.org/10.1016/j.yhbeh.2012.01.008 

Ferguson, J. N., Young, L. J., & Insel, T. R. (2002). The neuroendocrine basis of social recognition. 

Frontiers in Neuroendocrinology, 23(2), 200–224. https://doi.org/10.1006/frne.2002.0229 

Fett, A. K. J., Viechtbauer, W., Dominguez, M. de G., Penn, D. L., van Os, J., & Krabbendam, L. 

(2011, January 1). The relationship between neurocognition and social cognition with 

functional outcomes in schizophrenia: A meta-analysis. Neuroscience and Biobehavioral 

Reviews. Pergamon. https://doi.org/10.1016/j.neubiorev.2010.07.001 

Fishman, I., Benedict, R. H. B., Bakshi, R., Priore, R., & Weinstock-Guttman, B. (2004). Construct 

Validity and Frequency of Euphoria Sclerotica in Multiple Sclerosis. The Journal of 

Neuropsychiatry and Clinical Neurosciences, 16(3), 350–356. 

https://doi.org/10.1176/jnp.16.3.350 

Flannigan, G., & Dodman, N. H. (2001). Risk factors and behaviors associated with separation 



183 
 

anxiety in dogs. Journal of the American Veterinary Medical Association, 219(4), 460–466. 

https://doi.org/10.2460/javma.2001.219.460 

Frith, C. D. (2008). Review. Social cognition. Philosophical Transactions of the Royal Society B: 

Biological Sciences. Royal Society. https://doi.org/10.1098/rstb.2008.0005 

Frith, C. D., & Frith, U. (2006). The Neural Basis of Mentalizing. Neuron. 

https://doi.org/10.1016/j.neuron.2006.05.001 

Futó, J., Téglás, E., Csibra, G., & Gergely, G. (2010). Communicative function demonstration 

induces kind-based artifact representation in preverbal infants. Cognition, 117(1), 1–8. 

https://doi.org/10.1016/j.cognition.2010.06.003 

Gácsi, Mácsi, McGreevy, P., Kara, E., & Miklósi, Á. (2009). Effects of selection for cooperation 

and attention in dogs. Behavioral and Brain Functions, 5, 31. https://doi.org/10.1186/1744-

9081-5-31 

Gácsi, Márta, Gyoöri, B., Virányi, Z., Kubinyi, E., Range, F., Belényi, B., & Miklósi, Á. (2009). 

Explaining Dog Wolf Differences in Utilizing Human Pointing Gestures: Selection for 

Synergistic Shifts in the Development of Some Social Skills. PLoS ONE, 4(8), e6584. 

https://doi.org/10.1371/journal.pone.0006584 

Gengoux, G. W. (2015). Priming for Social Activities. Journal of Positive Behavior Interventions, 

17(3), 181–192. https://doi.org/10.1177/1098300714561862 

Gillott, A., Furniss, F., & Walter, A. (2001). Anxiety in high-functioning children with autism. 

Autism : The International Journal of Research and Practice, 5(3), 277–286. 

https://doi.org/10.1177/1362361301005003005 

Gimmig, D., Huguet, P., Caverni, J. P., & Cury, F. (2006). Choking under pressure and working 

memory capacity: When performance pressure reduces fluid intelligence. Psychonomic 

Bulletin and Review, 13(6), 1005–1010. https://doi.org/10.3758/BF03213916 

Gompper, M. E. (2015). Free-ranging dogs and wildlife conservation. 

https://doi.org/10.1093/acprof:osobl/9780199663217.001.0001 



184 
 

Green, M. F. (2016). Impact of Cognitive and Social Cognitive Impairment on Functional 

Outcomes in Patients With Schizophrenia. The Journal of Clinical Psychiatry, 77(Suppl 2), 

8–11. https://doi.org/10.4088/JCP.14074su1c.02 

Green, M. F., Hellemann, G., Horan, W. P., Lee, J., & Wynn, J. K. (2012). From perception to 

functional outcome in schizophrenia: Modeling the role of ability and motivation. Archives 

of General Psychiatry, 69(12), 1216–1224. 

https://doi.org/10.1001/archgenpsychiatry.2012.652 

Guastella, A. J., Mitchell, P. B., & Dadds, M. R. (2008). Oxytocin Increases Gaze to the Eye 

Region of Human Faces. Biological Psychiatry, 63(1), 3–5. 

https://doi.org/10.1016/j.biopsych.2007.06.026 

Guerin, B. (1986). Mere presence effects in humans: A review. Journal of Experimental Social 

Psychology, 22(1), 38–77. https://doi.org/10.1016/0022-1031(86)90040-5 

Haley, K. J., & Fessler, D. M. T. (2005). Nobody’s watching? Subtle cues affect generosity an 

anonymous economic game. Evolution and Human Behavior, 26(3), 245–256. 

https://doi.org/10.1016/j.evolhumbehav.2005.01.002 

Hamilton, A. F. D. C. (2013). Reflecting on the mirror neuron system in autism: A systematic 

review of current theories. Developmental Cognitive Neuroscience. 

https://doi.org/10.1016/j.dcn.2012.09.008 

Hamilton, A. F. de C., & Lind, F. (2016). Audience effects: what can they tell us about social 

neuroscience, theory of mind and autism? Culture and Brain, 4(2), 159–177. 

https://doi.org/10.1007/s40167-016-0044-5 

Hamlin, J. K., Mahajan, N., Liberman, Z., & Wynn, K. (2013). Not Like Me = Bad: Infants Prefer 

Those Who Harm Dissimilar Others. Psychological Science, 24(4), 589–594. 

https://doi.org/10.1177/0956797612457785 

Handlin, L., Hydbring-Sandberg, E., Nilsson, A., Ejdebäck, M., Jansson, A., & Uvnäs-Moberg, K. 

(2011). Short-term interaction between dogs and their owners: Effects on oxytocin, cortisol, 

insulin and heart rate-an exploratory study. Anthrozoos, 24(3), 301–315. 



185 
 

https://doi.org/10.2752/175303711X13045914865385 

Happé, F., Ehlers, S., Fletcher, P., Frith, U., Johansson, M., Gillberg, C., … Frith, C. (1996). 

‘Theory of mind’ in the brain. Evidence from a PET scan study of Asperger syndrome. 

NeuroReport, 8(1). Retrieved from 

https://journals.lww.com/neuroreport/Fulltext/1996/12200/_Theory_of_mind__in_the_brain

__Evidence_from_a_PET.40.aspx 

Happé, F., & Frith, U. (2006). The weak coherence account: Detail-focused cognitive style in 

autism spectrum disorders. Journal of Autism and Developmental Disorders. Springer. 

https://doi.org/10.1007/s10803-005-0039-0 

Hare, B., Brown, M., Williamson, C., & Tomasello, M. (2002). The domestication of social 

cognition in dogs. Science, 298(5598), 1634–1636. https://doi.org/10.1126/science.1072702 

Hare, B., & Tomasello, M. (2004). Chimpanzees are more skilful in competitive than in 

cooperative cognitive tasks. Animal Behaviour, 68(3), 571–581. 

https://doi.org/10.1016/j.anbehav.2003.11.011 

Hare, B., & Tomasello, M. (2005). Human-like social skills in dogs? Trends in Cognitive Sciences. 

Elsevier Current Trends. https://doi.org/10.1016/j.tics.2005.07.003 

Hecht, J., Miklósi, Á., & Gácsi, M. (2012). Behavioral assessment and owner perceptions of 

behaviors associated with guilt in dogs. Applied Animal Behaviour Science, 139(1–2), 134–

142. https://doi.org/10.1016/j.applanim.2012.02.015 

Heinrichs, M., von Dawans, B., & Domes, G. (2009). Oxytocin, vasopressin, and human social 

behavior. Frontiers in Neuroendocrinology. https://doi.org/10.1016/j.yfrne.2009.05.005 

Hejjas, K., Kubinyi, E., Ronai, Z., Szekely, A., Vas, J., Miklósi, … Kereszturi, E. (2009). 

Molecular and behavioral analysis of the intron 2 repeat polymorphism in the canine 

dopamine D4 receptor gene. Genes, Brain and Behavior, 8(3), 330–336. 

https://doi.org/10.1111/j.1601-183X.2008.00475.x 

Hejjas, K., Vas, J., Topal, J., Szantai, E., Ronai, Z., Szekely, A., … Miklosi, A. (2007). Association 

of polymorphisms in the dopamine D4 receptor gene and the activity-impulsivity 



186 
 

endophenotype in dogs. Animal Genetics, 38(6), 629–633. https://doi.org/10.1111/j.1365-

2052.2007.01657.x 

Henrich, J., Heine, S. J., & Norenzayan, A. (2010). The weirdest people in the world? Behavioral 

and Brain Sciences. Cambridge University Press. 

https://doi.org/10.1017/S0140525X0999152X 

Hepper, P. G. (1986). Kin recognition: functions and mechanisms. A review. Biological Reviews 

of the Cambridge Philosophical Society, 61(1), 63–93. https://doi.org/10.1111/j.1469-

185x.1986.tb00427.x 

Hernádi, A., Kis, A., Kanizsár, O., Tóth, K., Miklósi, B., & Topál, J. (2015). Intranasally 

administered oxytocin affects how dogs (Canis familiaris) react to the threatening approach 

of their owner and an unfamiliar experimenter. Behavioural Processes, 119, 1–5. 

https://doi.org/10.1016/j.beproc.2015.07.001 

Herrmann, E., Call, J., Hernández-Lloreda, M. V., Hare, B., & Tomasello, M. (2007). Humans 

have evolved specialized skills of social cognition: The cultural intelligence hypothesis. 

Science, 317(5843), 1360–1366. https://doi.org/10.1126/science.1146282 

Hoffman, B. (2012). Cognitive efficiency: A conceptual and methodological comparison. 

Learning and Instruction, 22(2), 133–144. https://doi.org/10.1016/j.learninstruc.2011.09.001 

Hoppe, N., P Bininda-Emonds, O. R., Gansloßer, U., & Doz habil, P. (2017). Correlates of 

Attention Deficit Hyperactivity Disorder (ADHD)-Like Behavior in Domestic Dogs: First 

Results from a Questionnaire-Based Study Retrospective Study Citation. Vet Med Open J, 

2(3), 95–131. https://doi.org/10.17140/VMOJ-2-122 

Iacoboni, M. (2005). Neural mechanisms of imitation. Current Opinion in Neurobiology. 

https://doi.org/10.1016/j.conb.2005.10.010 

Insel, T. R., & Hulihan, T. J. (1995). A Gender-Specific Mechanism for Pair Bonding: Oxytocin 

and Partner Preference Formation in Monogamous Voles. Behavioral Neuroscience, 109(4), 

782–789. https://doi.org/10.1037/0735-7044.109.4.782 

Ito, H., Nara, H., Inoue-Murayama, M., Shimada, M. K., Koshimura, A., Ueda, Y., … Ito, S. 



187 
 

(2004). Allele Frequency Distribution of the Canine Dopamine Receptor D4 Gene Exon III 

and I in 23 Breeds. Journal of Veterinary Medical Science, 66(7), 815–820. 

https://doi.org/10.1292/jvms.66.815 

Izard, C., Fine, S., Schultz, D., Mostow, A., Ackerman, B., & Youngstrom, E. (2001). Emotion 

knowledge as a predictor of social behavior and academic competence in children at risk. 

Psychological Science, 12(1), 18–23. https://doi.org/10.1111/1467-9280.00304 

Izuma, K., Matsumoto, K., Camerer, C. F., & Adolphs, R. (2011). Insensitivity to social reputation 

in autism. Proceedings of the National Academy of Sciences of the United States of America, 

108(42), 17302–17307. https://doi.org/10.1073/pnas.1107038108 

Jakovcevic, A., Mustaca, A., & Bentosela, M. (2012). Do more sociable dogs gaze longer to the 

human face than less sociable ones? Behavioural Processes, 90(2), 217–222. 

https://doi.org/10.1016/j.beproc.2012.01.010 

Juarbe-Diaz, S. V. (1997). Assessment and treatment of excessive barking in the domestic dog. 

Veterinary Clinics of North America - Small Animal Practice, 27(3), 515–532. 

https://doi.org/10.1016/S0195-5616(97)50052-0 

Kaiser, M. D., Hudac, C. M., Shultz, S., Su Mei Lee, Cheung, C., Berkena, A. M., … Pelphrey, K. 

A. (2010). Neural signatures of autism. Proceedings of the National Academy of Sciences of 

the United States of America, 107(49), 21223–21228. 

https://doi.org/10.1073/pnas.1010412107 

Kaminski, J., Bräuer, J., Call, J., & Tomasello, M. (2009). Domestic dogs are sensitive to a 

human’s perspective. Behaviour, 146(7), 979–998. 

https://doi.org/10.1163/156853908X395530 

Kaminski, J., Call, J., & Fischer, J. (2004). Word learning in a domestic dog: Evidence for “fast 

mapping.” Science, 304(5677), 1682–1683. https://doi.org/10.1126/science.1097859 

Kaminski, J., Hynds, J., Morris, P., & Waller, B. M. (2017). Human attention affects facial 

expressions in domestic dogs. Scientific Reports, 7(1), 121038. 

https://doi.org/10.1038/s41598-017-12781-x 



188 
 

Kaminski, J., Schulz, L., & Tomasello, M. (2012). How dogs know when communication is 

intended for them. Developmental Science, 15(2), 222–232. https://doi.org/10.1111/j.1467-

7687.2011.01120.x 

Kana, R. K., Libero, L. E., Hu, C. P., Deshpande, H. D., & Colburn, J. S. (2012). Functional Brain 

Networks and White Matter Underlying Theory-of-Mind in Autism. Social Cognitive and 

Affective Neuroscience, 9(1), 98–105. https://doi.org/10.1093/scan/nss106 

Keehn, B., Müller, R. A., & Townsend, J. (2013). Atypical attentional networks and the emergence 

of autism. Neuroscience and Biobehavioral Reviews. Pergamon. 

https://doi.org/10.1016/j.neubiorev.2012.11.014 

Keil, F. C. (1989). The MIT Press series in learning, development, and conceptual change. 

Concepts, kinds, and cognitive development. MIT Press. 

Kemler Nelson, D. G. (1989). The nature and occurrence of holistic processing. In Object 

perception:  Structure and process. (pp. 357–386). Hillsdale,  NJ,  US: Lawrence Erlbaum 

Associates, Inc. 

Kerr, N. L., & Levine, J. M. (2008). The Detection of Social Exclusion: Evolution and Beyond. 

Group Dynamics, 12(1), 39–52. https://doi.org/10.1037/1089-2699.12.1.39 

Khan, N. Z., Gallo, L. A., Arghir, A., Budisteanu, B., Budisteanu, M., Dobrescu, I., … Elsabbagh, 

M. (2012). Autism and the Grand Challenges in Global Mental Health. Autism Research. 

https://doi.org/10.1002/aur.1239 

King, M. D., & Bearman, P. S. (2011). Socioeconomic status and the increased prevalence of 

autism in California. American Sociological Review, 76(2), 320–346. 

https://doi.org/10.1177/0003122411399389 

Kinzler, K. D., Dupoux, E., & Spelke, E. S. (2007). The native language of social cognition. 

Proceedings of the National Academy of Sciences of the United States of America, 104(30), 

12577–12580. https://doi.org/10.1073/pnas.0705345104 

Kinzler, K. D., & Liberman, Z. (2017). Infants’ inferences about language are social. Proceedings 

of the National Academy of Sciences of the United States of America. National Academy of 



189 
 

Sciences. https://doi.org/10.1073/pnas.1701553114 

Király, I., Csibra, G., & Gergely, G. (2013). Beyond rational imitation: Learning arbitrary means 

actions from communicative demonstrations. Journal of Experimental Child Psychology, 

116(2), 471–486. https://doi.org/10.1016/j.jecp.2012.12.003 

Kis, A., Bence, M., Lakatos, G., Pergel, E., Turcsán, B., Pluijmakers, J., … Kubinyi, E. (2014). 

Oxytocin receptor gene polymorphisms are associated with human directed social behavior 

in dogs (Canis familiaris). PLoS ONE, 9(1), e83993. 

https://doi.org/10.1371/journal.pone.0083993 

Kis, A., Ciobica, A., & Topál, J. (2017). The effect of oxytocin on human-directed social behaviour 

in dogs (Canis familiaris). Hormones and Behavior. Academic Press Inc. 

https://doi.org/10.1016/j.yhbeh.2017.06.001 

Kis, A., Hernádi, A., Kanizsár, O., Gácsi, M., & Topál, J. (2015). Oxytocin induces positive 

expectations about ambivalent stimuli (cognitive bias) in dogs. Hormones and Behavior, 69, 

1–7. https://doi.org/10.1016/j.yhbeh.2014.12.004 

Kleinhans, N. M., Richards, T., Sterling, L., Stegbauer, K. C., Mahurin, R., Johnson, L. C., … 

Aylward, E. (2008). Abnormal functional connectivity in autism spectrum disorders during 

face processing. Brain : A Journal of Neurology, 131(Pt 4), 1000–1012. 

https://doi.org/10.1093/brain/awm334 

Klinger, L. G., & Dawson, G. (2001). Prototype formation in autism. Development and 

Psychopathology, 13(1), 111–124. https://doi.org/10.1017/S0954579401001080 

Kohler, C. G., Walker, J. B., Martin, E. A., Healey, K. M., & Moberg, P. J. (2009). Facial Emotion 

Perception in Schizophrenia: A Meta-analytic Review. Schizophrenia Bulletin, 36(5), 1009–

1019. https://doi.org/10.1093/schbul/sbn192 

Konok, V., Dóka, A., & Miklósi, Á. (2011). The behavior of the domestic dog (Canis familiaris) 

during separation from and reunion with the owner: A questionnaire and an experimental 

study. Applied Animal Behaviour Science, 135(4), 300–308. 

https://doi.org/10.1016/j.applanim.2011.10.011 



190 
 

Koppel, J., Sousa, A., Gordon, M. L., Giliberto, L., Christen, E., & Davies, P. (2018). Association 

between psychosis in elderly patients with Alzheimer disease and impaired social cognition. 

JAMA Psychiatry. American Medical Association. 

https://doi.org/10.1001/jamapsychiatry.2018.0482 

Kovács, K., Kis, A., Kanizsár, O., Hernádi, A., Gácsi, M., & Topál, J. (2016). The effect of 

oxytocin on biological motion perception in dogs (Canis familiaris). Animal Cognition, 19(3), 

513–522. https://doi.org/10.1007/s10071-015-0951-4 

Kovács, K., Kis, A., Pogány, Á., Koller, D., & Topál, J. (2016). Differential effects of oxytocin on 

social sensitivity in two distinct breeds of dogs (Canis familiaris). 

Psychoneuroendocrinology, 74, 212–220. https://doi.org/10.1016/j.psyneuen.2016.09.010 

Kovács, K., Virányi, Z., Kis, A., Turcsán, B., Hudecz, Á., Marmota, M. T., … Topál, J. (2018). 

Dog-owner attachment is associated With oxytocin receptor gene polymorphisms in both 

parties. A comparative study on Austrian and Hungarian border collies. Frontiers in 

Psychology, 9(APR). https://doi.org/10.3389/fpsyg.2018.00435 

Kundey, S. M. A., de Los Reyes, A., Royer, E., Molina, S., Monnier, B., German, R., & Coshun, 

A. (2011). Reputation-like inference in domestic dogs (Canis familiaris). Animal Cognition, 

14(2), 291–302. https://doi.org/10.1007/s10071-010-0362-5 

Laidlaw, K. E. W., Foulsham, T., Kuhn, G., & Kingstone, A. (2011). Potential social interactions 

are important to social attention. Proceedings of the National Academy of Sciences of the 

United States of America, 108(14), 5548–5553. https://doi.org/10.1073/pnas.1017022108 

Landsberg, G. M., Hunthausen, W. L., Ackerman, L. J., & Landsberg, G. M. (2013). Behavior 

problems of the dog and cat. 

Larson, G., Karlsson, E. K., Perri, A., Webster, M. T., Ho, S. Y. W., Peters, J., … Lindblad-Toh, 

K. (2012). Rethinking dog domestication by integrating genetics, archeology, and 

biogeography. Proceedings of the National Academy of Sciences of the United States of 

America, 109(23), 8878–8883. https://doi.org/10.1073/pnas.1203005109 

Lawson, R. P., Rees, G., & Friston, K. J. (2014). An aberrant precision account of autism. Frontiers 



191 
 

in Human Neuroscience, 8(MAY), 302. https://doi.org/10.3389/fnhum.2014.00302 

Leary, M. R., & Allen, A. B. (2011). Belonging motivation: Establishing, maintaining, and 

repairing relational value. In Social motivation. (pp. 37–55). New York,  NY,  US: 

Psychology Press. 

Leavens, D. A., Russell, J. L., & Hopkins, W. D. (2010). Multimodal communication by captive 

chimpanzees (Pan troglodytes). Animal Cognition, 13(1), 33–40. 

https://doi.org/10.1007/s10071-009-0242-z 

Lee, H. J., Macbeth, A. H., Pagani, J. H., & Scott Young, W. (2009). Oxytocin: The great facilitator 

of life. Progress in Neurobiology. https://doi.org/10.1016/j.pneurobio.2009.04.001 

Liebal, K., Colombi, C., Rogers, S. J., Warneken, F., & Tomasello, M. (2008). Helping and 

cooperation in children with autism. Journal of Autism and Developmental Disorders, 38(2), 

224–238. https://doi.org/10.1007/s10803-007-0381-5 

Lischke, A., Berger, C., Prehn, K., Heinrichs, M., Herpertz, S. C., & Domes, G. (2012). Intranasal 

oxytocin enhances emotion recognition from dynamic facial expressions and leaves eye-gaze 

unaffected. Psychoneuroendocrinology, 37(4), 475–481. 

https://doi.org/10.1016/j.psyneuen.2011.07.015 

Liszkowski, U., Carpenter, M., Henning, A., Striano, T., & Tomasello, M. (2004). Twelve-month-

olds point to share attention and interest. Developmental Science, 7(3), 297–307. 

https://doi.org/10.1111/j.1467-7687.2004.00349.x 

Lodé, T. (2008). Kin recognition versus familiarity in a solitary mustelid, the European polecat 

Mustela putorius. Comptes Rendus - Biologies, 331(3), 248–254. 

https://doi.org/10.1016/j.crvi.2007.12.006 

Lombardo, M. V., Chakrabarti, B., Bullmore, E. T., & Baron-Cohen, S. (2011). Specialization of 

right temporo-parietal junction for mentalizing and its relation to social impairments in 

autism. NeuroImage, 56(3), 1832–1838. https://doi.org/10.1016/j.neuroimage.2011.02.067 

Loomes, R., Hull, L., & Mandy, W. P. L. (2017). What Is the Male-to-Female Ratio in Autism 

Spectrum Disorder? A Systematic Review and Meta-Analysis. Journal of the American 



192 
 

Academy of Child and Adolescent Psychiatry. Elsevier Inc. 

https://doi.org/10.1016/j.jaac.2017.03.013 

Maenner, M. J., Shaw, K. A., Baio, J., Washington, A., Patrick, M., DiRienzo, M., … Dietz, P. M. 

(2020). Prevalence of autism spectrum disorder among children aged 8 Years-Autism and 

developmental disabilities monitoring network, 11 Sites, United States, 2016. MMWR 

Surveillance Summaries, 69(4), 1–12. https://doi.org/10.15585/MMWR.SS6904A1 

Maestro, S., Muratori, F., Cavallaro, M. C., Pecini, C., Cesari, A., Paziente, A., … Palacio-Espasa, 

F. (2005). How young children treat objects and people: An empirical study of the first year 

of life in autism. Child Psychiatry and Human Development, 35(4), 383–396. 

https://doi.org/10.1007/s10578-005-2695-x 

Maestro, S., Muratori, F., Cavallaro, M. C., Pei, F., Stern, D., Golse, B., & Palacio-Espasa, F. 

(2002). Attentional Skills during the First 6 Months of Age in Autism Spectrum Disorder. 

Journal of the American Academy of Child and Adolescent Psychiatry, 41(10), 1239–1245. 

https://doi.org/10.1097/00004583-200210000-00014 

Mahajan, N., & Wynn, K. (2012). Origins of “Us” versus “Them”: Prelinguistic infants prefer 

similar others. Cognition, 124(2), 227–233. https://doi.org/10.1016/j.cognition.2012.05.003 

Marno, H., Davelaar, E. J., & Csibra, G. (2014). Nonverbal communicative signals modulate 

attention to object properties. Journal of Experimental Psychology: Human Perception and 

Performance, 40(2), 752–762. https://doi.org/10.1037/a0035113 

Marshall-Pescini, S., Colombo, E., Passalacqua, C., Merola, I., & Prato-Previde, E. (2013). Gaze 

alternation in dogs and toddlers in an unsolvable task: evidence of an audience effect. Animal 

Cognition, 16(6), 933–943. https://doi.org/10.1007/s10071-013-0627-x 

Marshall-Pescini, S., Passalacqua, C., Ferrario, A., Valsecchi, P., & Prato-Previde, E. (2011). 

Social eavesdropping in the domestic dog. Animal Behaviour, 81(6), 1177–1183. 

https://doi.org/10.1016/j.anbehav.2011.02.029 

Marx, P., Arany, Á., Rónai, Z., Antal, P., & Sasvári Székely, M. (2011). Az oxitocinreceptor 

genetikai variabilitásának in silico elemzése. Neuropsychopharmacologia Hungarica, 13(3), 



193 
 

139–144. https://doi.org/10.5706/nph201109002 

Mason, R. A., Williams, D. L., Kana, R. K., Minshew, N., & Just, M. A. (2008). Theory of Mind 

disruption and recruitment of the right hemisphere during narrative comprehension in autism. 

Neuropsychologia, 46(1), 269–280. https://doi.org/10.1016/j.neuropsychologia.2007.07.018 

McGreevy, P. D., & Masters, A. M. (2008). Risk factors for separation-related distress and feed-

related aggression in dogs: Additional findings from a survey of Australian dog owners. 

Applied Animal Behaviour Science, 109(2–4), 320–328. 

https://doi.org/10.1016/j.applanim.2007.04.001 

Meltzoff, A. N., & Decety, J. (2003). What imitation tells us about social cognition: A 

rapprochement between developmental psychology and cognitive neuroscience. 

Philosophical Transactions of the Royal Society B: Biological Sciences, 358(1431), 491–500. 

https://doi.org/10.1098/rstb.2002.1261 

Merola, I., Prato-Previde, E., Lazzaroni, M., & Marshall-Pescini, S. (2014). Dogs’ comprehension 

of referential emotional expressions: Familiar people and familiar emotions are easier. Animal 

Cognition, 17(2), 373–385. https://doi.org/10.1007/s10071-013-0668-1 

Miklósi, Á, Topál, J., & Csányi, V. (2004). Comparative social cognition: What can dogs teach 

us? Animal Behaviour. Academic Press. https://doi.org/10.1016/j.anbehav.2003.10.008 

Miklósi, Á., Kubinyi, E., Topál, J., Gácsi, M., Virányi, Z., & Csányi, V. (2003). A simple reason 

for a big difference: Wolves do not look back at humans, but dogs do. Current Biology, 13(9), 

763–766. https://doi.org/10.1016/S0960-9822(03)00263-X 

Miklósi, Á., Pongrácz, P., Lakatos, G., Topál, J., & Csányi, V. (2005). A comparative study of the 

use of visual communicative signals in interactions between dogs (Canis familiaris) and 

humans and cats (Felis catus) and humans. Journal of Comparative Psychology, 119(2), 179–

186. https://doi.org/10.1037/0735-7036.119.2.179 

Miklósi, Á., & Soproni, K. (2006). A comparative analysis of animals’ understanding of the human 

pointing gesture. Animal Cognition, 9(2), 81–93. https://doi.org/10.1007/s10071-005-0008-1 

Miklósi, Á., & Topál, J. (2013). What does it take to become “best friends”? Evolutionary changes 



194 
 

in canine social competence. Trends in Cognitive Sciences. 

https://doi.org/10.1016/j.tics.2013.04.005 

Miklósi, Á., Topál, J., & Csányi, V. (2007). Big thoughts in small brains? Dogs as a model for 

understanding human social cognition. NeuroReport. 

https://doi.org/10.1097/WNR.0b013e3280287aae 

Mitsui, S., Yamamoto, M., Nagasawa, M., Mogi, K., Kikusui, T., Ohtani, N., & Ohta, M. (2011). 

Urinary oxytocin as a noninvasive biomarker of positive emotion in dogs. Hormones and 

Behavior, 60(3), 239–243. https://doi.org/10.1016/j.yhbeh.2011.05.012 

Moon-Fanelli, A. A., Dodman, N. H., Famula, T. R., & Cottam, N. (2011). Characteristics of 

compulsive tail chasing and associated risk factors in bull terriers. Journal of the American 

Veterinary Medical Association, 238(7), 883–889. https://doi.org/10.2460/javma.238.7.883 

Moore, D. L., Byers, D. A., & Baron, R. S. (1981). Socially mediated fear reduction in rodents: 

Distraction, communication, or mere presence? Journal of Experimental Social Psychology, 

17(5), 485–505. https://doi.org/10.1016/0022-1031(81)90036-6 

Mulcahy, N. J., & Hedge, V. (2012, February). Are great apes tested with an abject object-choice 

task? Animal Behaviour. https://doi.org/10.1016/j.anbehav.2011.11.019 

Murdaugh, D. L., Shinkareva, S. V., Deshpande, H. R., Wang, J., Pennick, M. R., & Kana, R. K. 

(2012). Differential Deactivation during Mentalizing and Classification of Autism Based on 

Default Mode Network Connectivity. PLoS ONE, 7(11), e50064. 

https://doi.org/10.1371/journal.pone.0050064 

Nagasawa, M., Mitsui, S., En, S., Ohtani, N., Ohta, M., Sakuma, Y., … Kikusui, T. (2015). 

Oxytocin-gaze positive loop and the coevolution of human-dog bonds. Science, 348(6232), 

333–336. https://doi.org/10.1126/science.1261022 

Needham, A., Cantlon, J. F., & Ormsbee Holley, S. M. (2006). Infants’ use of category knowledge 

and object attributes when segregating objects at 8.5 months of age. Cognitive Psychology, 

53(4), 345–360. https://doi.org/10.1016/j.cogpsych.2006.05.003 

Nestor, P. G., Nakamura, M., Niznikiewicz, M., Thompson, E., Levitt, J. J., Choate, V., … 



195 
 

McCarley, R. W. (2012). In search of the functional neuroanatomy of sociality: MRI 

subdivisions of orbital frontal cortex and social cognition. Social Cognitive and Affective 

Neuroscience, 8(4), 460–467. https://doi.org/10.1093/scan/nss018 

Nettle, D., Cronin, K. A., & Bateson, M. (2013). Responses of chimpanzees to cues of conspecific 

observation. Animal Behaviour, 86(3), 595–602. 

https://doi.org/10.1016/j.anbehav.2013.06.015 

Neumann, I. D. (2002). Involvement of the brain oxytocin system in stress coping: Interactions 

with the hypothalamo-pituitary-adrenal axis. In Progress in Brain Research (Vol. 139, pp. 

147–162). Elsevier. https://doi.org/10.1016/S0079-6123(02)39014-9 

Nielsen, M. (2008). The social motivation for social learning. Behavioral and Brain Sciences. 

Cambridge University Press. https://doi.org/10.1017/S0140525X0700324X 

Nieminen-von Wendt, T., Metsähonkala, L., Kulomäki, T., Aalto, S., Autti, T., Vanhala, R., & 

Von Wendt, L. (2003). Changes in cerebral blood flow in Asperger syndrome during theory 

of mind tasks presented by the auditory route. European Child and Adolescent Psychiatry, 

12(4), 178–189. https://doi.org/10.1007/s00787-003-0337-z 

O’Neill, M., & Schultz, W. (2018). Predictive coding of the statistical parameters of uncertain 

rewards by orbitofrontal neurons. Behavioural Brain Research, 355, 90–94. 

https://doi.org/10.1016/j.bbr.2018.04.041 

Ogata, N. (2016). Separation anxiety in dogs: What progress has been made in our understanding 

of the most common behavioral problems in dogs? Journal of Veterinary Behavior: Clinical 

Applications and Research, 16, 28–35. https://doi.org/10.1016/j.jveb.2016.02.005 

Oláh, K., Elekes, F., Peto, R., Peres, K., & Király, I. (2016). 3-year-old children selectively 

generalize object functions following a demonstration from a linguistic in-group member: 

Evidence from the phenomenon of scale error. Frontiers in Psychology, 7(JUN). 

https://doi.org/10.3389/fpsyg.2016.00963 

Oláh, K., & Király, I. (2019). Young Children Selectively Imitate Models Conforming to Social 

Norms. Frontiers in Psychology, 10(JUN), 1399. https://doi.org/10.3389/fpsyg.2019.01399 



196 
 

Oláh, K., Topál, J., Kovács, K., Kis, A., Koller, D., Park, S. Y., & Virányi, Z. (2017). Gaze-

following and reaction to an aversive social interaction have corresponding associations with 

variation in the OXTR gene in dogs but not in human infants. Frontiers in Psychology, 

8(DEC). https://doi.org/10.3389/fpsyg.2017.02156 

Oliva, J. L., Rault, J. L., Appleton, B., & Lill, A. (2015). Oxytocin enhances the appropriate use 

of human social cues by the domestic dog (Canis familiaris) in an object choice task. Animal 

Cognition, 18(3), 767–775. https://doi.org/10.1007/s10071-015-0843-7 

Over, H., & Carpenter, M. (2009). Eighteen-month-old infants show increased helping following 

priming with affiliation: Research report. Psychological Science, 20(10), 1189–1193. 

https://doi.org/10.1111/j.1467-9280.2009.02419.x 

Overall, K. L. (1997). Clinical behavioral medicine for small animals. Clinical Behavioral 

Medicine for Small Animals. 

Overall, Karen L. (1997). Clinical Behavioral Medicine for Small Animals. 

Overall, Karen L. (2000). Natural animal models of human psychiatric conditions: Assessment of 

mechanism and validity. Progress in Neuro-Psychopharmacology and Biological Psychiatry, 

24(5), 727–776. https://doi.org/10.1016/S0278-5846(00)00104-4 

Ozonoff, S., Pennington, B. F., & Rogers, S. J. (1991). Executive Function Deficits in High‐

Functioning Autistic Individuals: Relationship to Theory of Mind. Journal of Child 

Psychology and Psychiatry, 32(7), 1081–1105. https://doi.org/10.1111/j.1469-

7610.1991.tb00351.x 

Palmer, R., & Custance, D. (2008). A counterbalanced version of Ainsworth’s Strange Situation 

Procedure reveals secure-base effects in dog-human relationships. Applied Animal Behaviour 

Science, 109(2–4), 306–319. https://doi.org/10.1016/j.applanim.2007.04.002 

Paolini, S., Harris, N. C., & Griffin, A. S. (2016). Learning anxiety in interactions with the 

outgroup: Towards a learning model of anxiety and stress in intergroup contact. Group 

Processes and Intergroup Relations, 19(3), 275–313. 

https://doi.org/10.1177/1368430215572265 



197 
 

Parker, H. G., Kim, L. V, Sutter, N. B., Carlson, S., Lorentzen, T. D., Malek, T. B., … Kruglyak, 

L. (2004). Genetic Structure of the Purebred Domestic Dog. Science, 304(5674), 1160 LP – 

1164. https://doi.org/10.1126/science.1097406 

Parker, H. G., Shearin, A. L., & Ostrander, E. A. (2010). Man’s Best Friend Becomes Biology’s 

Best in Show: Genome Analyses in the Domestic Dog. Annual Review of Genetics, 44(1), 

309–336. https://doi.org/10.1146/annurev-genet-102808-115200 

Parthasarathy, V., & Crowell-Davis, S. L. (2006). Relationship between attachment to owners and 

separation anxiety in pet dogs (Canis lupus familiaris). Journal of Veterinary Behavior: 

Clinical Applications and Research, 1(3), 109–120. 

https://doi.org/10.1016/j.jveb.2006.09.005 

Patriquin, M. A., DeRamus, T., Libero, L. E., Laird, A., & Kana, R. K. (2016). Neuroanatomical 

and neurofunctional markers of social cognition in autism spectrum disorder. Human Brain 

Mapping, 37(11), 3957–3978. https://doi.org/10.1002/hbm.23288 

Payne, E., Bennett, P. C., & McGreevy, P. D. (2015). Current perspectives on attachment and 

bonding in the dog–human dyad. Psychology Research and Behavior Management. Dove 

Medical Press Ltd. https://doi.org/10.2147/PRBM.S74972 

Penton-Voak, I. S., Munafò, M. R., & Looi, C. Y. (2017). Biased Facial-Emotion Perception in 

Mental Health Disorders: A Possible Target for Psychological Intervention? Current 

Directions in Psychological Science, 26(3), 294–301. 

https://doi.org/10.1177/0963721417704405 

Perrett, D. I., Mistlin, A. J., & Chitty, A. J. (1987). Visual neurones responsive to faces. Trends in 

Neurosciences. Elsevier Current Trends. https://doi.org/10.1016/0166-2236(87)90071-3 

Phillips, A. G. (1999). The Brain and Emotion by Edmund T. Rolls. Trends in Cognitive Sciences, 

3(7), 281–282. https://doi.org/10.1016/s1364-6613(99)01317-0 

Phillips, L. H., Henry, J. D., Scott, C., Summers, F., Whyte, M., & Cook, M. (2011). Specific 

Impairments of Emotion Perception in Multiple Sclerosis. Neuropsychology, 25(1), 131–136. 

https://doi.org/10.1037/a0020752 



198 
 

Pierce, K., Conant, D., Hazin, R., Stoner, R., & Desmond, J. (2011). Preference for geometric 

patterns early in life as a risk factor for autism. Archives of General Psychiatry, 68(1), 101–

109. https://doi.org/10.1001/archgenpsychiatry.2010.113 

Pilley, J. W., & Reid, A. K. (2011). Border collie comprehends object names as verbal referents. 

Behavioural Processes, 86(2), 184–195. https://doi.org/10.1016/j.beproc.2010.11.007 

Plaisted, K., O’Riordan, M., & Baron-Cohen, S. (1998). Enhanced visual search for a conjunctive 

target in autism: A research note. Journal of Child Psychology and Psychiatry and Allied 

Disciplines, 39(5), 777–783. https://doi.org/10.1017/S0021963098002613 

Plana, I., Lavoie, M. A., Battaglia, M., & Achim, A. M. (2014). A meta-analysis and scoping 

review of social cognition performance in social phobia, posttraumatic stress disorder and 

other anxiety disorders. Journal of Anxiety Disorders. Pergamon. 

https://doi.org/10.1016/j.janxdis.2013.09.005 

Pongrácz, P., Miklósi, Á., Kubinyi, E., Topal, J., & Csányi, V. (2003). Interaction between 

individual experience and social learning in dogs. Animal Behaviour, 65(3), 595–603. 

https://doi.org/10.1006/anbe.2003.2079 

Pongrácz, P., Miklósi, Á., Vida, V., & Csányi, V. (2005). The pet dogs ability for learning from a 

human demonstrator in a detour task is independent from the breed and age. Applied Animal 

Behaviour Science, 90(3–4), 309–323. https://doi.org/10.1016/j.applanim.2004.08.004 

Porcelli, S., Van Der Wee, N., van der Werff, S., Aghajani, M., Glennon, J. C., van Heukelum, S., 

… Serretti, A. (2019). Social brain, social dysfunction and social withdrawal. Neuroscience 

and Biobehavioral Reviews, 97(September 2018), 10–33. 

https://doi.org/10.1016/j.neubiorev.2018.09.012 

Poss, S. R., Kuhar, C., Stoinski, T. S., & Hopkins, W. D. (2006). Differential use of attentional 

and visual communicative signaling by orangutans (Pongo pygmaeus) and gorillas (Gorilla 

gorilla) in response to the attentional status of a human. American Journal of Primatology, 

68(10), 978–992. https://doi.org/10.1002/ajp.20304 

Quervel-Chaumette, M., Dale, R., Marshall-Pescini, S., & Range, F. (2015). Familiarity affects 



199 
 

other-regarding preferences in pet dogs. Scientific Reports, 5(1), 1–7. 

https://doi.org/10.1038/srep18102 

Quinn, P. C., & Johnson, M. H. (2000). Global-Before-Basic Object Categorization in 

Connectionist Networks and 2-Month-Old Infants. Infancy, 1(1), 31–46. 

https://doi.org/10.1207/S15327078IN0101_04 

Quinn, P. C., Yahr, J., Kuhn, A., Slater, A. M., & Pascalis, O. (2002). Representation of the gender 

of human faces by infants: A preference for female. Perception, 31(9), 1109–1121. 

https://doi.org/10.1068/p3331 

Radua, J., Via, E., Catani, M., & Mataix-Cols, D. (2011). Voxel-based meta-analysis of regional 

white-matter volume differences in autism spectrum disorder versus healthy controls. 

Psychological Medicine, 41(7), 1539–1550. https://doi.org/10.1017/S0033291710002187 

Rajendran, G., & Mitchell, P. (2007). Cognitive theories of autism. Developmental Review, 27(2), 

224–260. https://doi.org/10.1016/j.dr.2007.02.001 

Ramsey, P. G., & Myers, L. C. (1990). Salience of race in young children’s cognitive, affective, 

and behavioral responses to social environments. Journal of Applied Developmental 

Psychology, 11(1), 49–67. https://doi.org/10.1016/0193-3973(90)90031-E 

Randall, J. A., Hekkala, E. R., Cooper, L. D., & Barfield, J. (2002). Familiarity and flexible mating 

strategies of a solitary rodent, Dipodomys ingens. Animal Behaviour, 64(1), 11–21. 

https://doi.org/10.1006/anbe.2002.3029 

Rehn, T., Handlin, L., Uvnäs-Moberg, K., & Keeling, L. J. (2014). Dogs’ endocrine and 

behavioural responses at reunion are affected by how the human initiates contact. Physiology 

and Behavior, 124, 45–53. https://doi.org/10.1016/j.physbeh.2013.10.009 

Reyes-Jaquez, B., & Echols, C. H. (2013). Developmental differences in the relative weighing of 

informants’ social attributes. Developmental Psychology, 49(3), 602–613. 

https://doi.org/10.1037/a0031674 

Reynaud, A. J., Guedj, C., Hadj-Bouziane, F., Meunier, M., & Monfardini, E. (2015). Social 

Facilitation of Cognition in Rhesus Monkeys: Audience Vs. Coaction. Frontiers in 



200 
 

Behavioral Neuroscience, 9(DEC), 328. https://doi.org/10.3389/fnbeh.2015.00328 

Richard, A. E., & Lajiness-Oneill, R. (2015). Visual attention shifting in autism spectrum 

disorders. Journal of Clinical and Experimental Neuropsychology, 37(7), 671–687. 

https://doi.org/10.1080/13803395.2015.1042838 

Rilling, J. K., & Young, L. J. (2014). The biology of mammalian parenting and its effect on 

offspring social development. Science. American Association for the Advancement of 

Science. https://doi.org/10.1126/science.1252723 

Robertson, C. E., & Baron-Cohen, S. (2017). Sensory perception in autism. Nature Reviews 

Neuroscience. Nature Publishing Group. https://doi.org/10.1038/nrn.2017.112 

Rodrigues, S. M., Saslow, L. R., Garcia, N., John, O. P., & Keltner, D. (2009). Oxytocin receptor 

genetic variation relates to empathy and stress reactivity in humans. Proceedings of the 

National Academy of Sciences of the United States of America, 106(50), 21437–21441. 

https://doi.org/10.1073/pnas.0909579106 

Roiser, J. P., Elliott, R., & Sahakian, B. J. (2012). Cognitive mechanisms of treatment in 

depression. Neuropsychopharmacology. https://doi.org/10.1038/npp.2011.183 

Romero, T., Konno, A., & Hasegawa, T. (2013). Familiarity Bias and Physiological Responses in 

Contagious Yawning by Dogs Support Link to Empathy. PLoS ONE, 8(8), e71365. 

https://doi.org/10.1371/journal.pone.0071365 

Romero, T., Nagasawa, M., Mogi, K., Hasegawa, T., & Kikusui, T. (2014). Oxytocin promotes 

social bonding in dogs. Proceedings of the National Academy of Sciences of the United States 

of America, 111(25), 9085–9090. https://doi.org/10.1073/pnas.1322868111 

Rooney, N. J., & Bradshaw, J. W. S. (2006). Social cognition in the domestic dog: behaviour of 

spectators towards participants in interspecific games. Animal Behaviour, 72(2), 343–352. 

https://doi.org/10.1016/j.anbehav.2005.10.014 

Saito, M., Hirota, T., Sakamoto, Y., Adachi, M., Takahashi, M., Osato-Kaneda, A., … Nakamura, 

K. (2020). Prevalence and cumulative incidence of autism spectrum disorders and the patterns 

of co-occurring neurodevelopmental disorders in a total population sample of 5-year-old 



201 
 

children. Molecular Autism, 11(1), 35. https://doi.org/10.1186/s13229-020-00342-5 

Savla, G. N., Vella, L., Armstrong, C. C., Penn, D. L., & Twamley, E. W. (2012). Deficits in 

Domains of Social Cognition in Schizophrenia: A Meta-Analysis of the Empirical Evidence. 

Schizophrenia Bulletin, 39(5), 979–992. https://doi.org/10.1093/schbul/sbs080 

Saxe, R. (2006). Uniquely human social cognition. Current Opinion in Neurobiology. Elsevier 

Current Trends. https://doi.org/10.1016/j.conb.2006.03.001 

Scheele, D., Striepens, N., Güntürkün, O., Deutschländer, S., Maier, W., Kendrick, K. M., & 

Hurlemann, R. (2012). Oxytocin modulates social distance between males and females. 

Journal of Neuroscience, 32(46), 16074–16079. https://doi.org/10.1523/JNEUROSCI.2755-

12.2012 

Scheeren, A. M., Begeer, S., Banerjee, R., Meerum Terwogt, M., & Koot, H. M. (2010). Can you 

tell me something about yourself?: Self-presentation in children and adolescents with high 

functioning autism spectrum disorder in hypothetical and real life situations. Autism : The 

International Journal of Research and Practice, 14(5), 457–473. 

https://doi.org/10.1177/1362361310366568 

Scheider, L., Grassmann, S., Kaminski, J., & Tomasello, M. (2011). Domestic dogs use contextual 

information and tone of voice when following a human pointing gesture. PLoS ONE, 6(7), 

e21676. https://doi.org/10.1371/journal.pone.0021676 

Scheider, L., Waller, B. M., Oña, L., Burrows, A. M., & Liebal, K. (2016). Social Use of Facial 

Expressions in Hylobatids. PLOS ONE, 11(3), e0151733. 

https://doi.org/10.1371/journal.pone.0151733 

Schipul, S. E., & Just, M. A. (2016). Diminished neural adaptation during implicit learning in 

autism. NeuroImage, 125, 332–341. https://doi.org/10.1016/j.neuroimage.2015.10.039 

Schipul, S. E., Williams, D. L., Keller, T. A., Minshew, N. J., & Just, M. A. (2011). Distinctive 

Neural Processes during Learning in Autism. Cerebral Cortex, 22(4), 937–950. 

https://doi.org/10.1093/cercor/bhr162 

Schmidt, S. J., Mueller, D. R., & Roder, V. (2011). Social cognition as a mediator variable between 



202 
 

neurocognition and functional outcome in schizophrenia: empirical review and new results 

by structural equation modeling. Schizophrenia Bulletin, 37 Suppl 2(Suppl 2), S41–S54. 

https://doi.org/10.1093/schbul/sbr079 

Schopler, E., & Mesibov, G. B. (1994). Introduction to Behavioral Issues in Autism. In Behavioral 

Issues in Autism (pp. 3–10). Springer US. https://doi.org/10.1007/978-1-4757-9400-7_1 

Schuwerk, T., Bätz, J., Träuble, B., Sodian, B., & Paulus, M. (2019). Do ostensive cues affect 

object processing in children with and without autism? A test of natural pedagogy theory. 

Psychological Research, 1–14. https://doi.org/10.1007/s00426-019-01223-0 

Schwab, C., & Huber, L. (2006). Obey or not obey? Dogs (canis familiaris) behave differently in 

response to attentional states of their owners. Journal of Comparative Psychology, 120(3), 

169–175. https://doi.org/10.1037/0735-7036.120.3.169 

Schyns, P. G., Petro, L. S., & Smith, M. L. (2009). Transmission of Facial Expressions of Emotion 

Co-Evolved with Their Efficient Decoding in the Brain: Behavioral and Brain Evidence. 

PLoS ONE, 4(5), e5625. https://doi.org/10.1371/journal.pone.0005625 

Scott-Van Zeeland, A. A., Dapretto, M., Ghahremani, D. G., Poldrack, R. A., & Bookheimer, S. 

Y. (2010). Reward processing in autism. Autism Research, 3(2), 53–67. 

https://doi.org/10.1002/aur.122 

Seeley, W. W., Crawford, R. K., Zhou, J., Miller, B. L., & Greicius, M. D. (2009). 

Neurodegenerative Diseases Target Large-Scale Human Brain Networks. Neuron, 62(1), 42–

52. https://doi.org/10.1016/j.neuron.2009.03.024 

Semendeferi, K., Damasio, H., Frank, R., & Van Hoesen, G. W. (1997). The evolution of the 

frontal lobes: A volumetric analysis based on three-dimensional reconstructions of magnetic 

resonance scans of human and ape brains. Journal of Human Evolution, 32(4), 375–388. 

https://doi.org/10.1006/jhev.1996.0099 

Shic, F., Bradshaw, J., Klin, A., Scassellati, B., & Chawarska, K. (2011). Limited activity 

monitoring in toddlers with autism spectrum disorder. Brain Research, 1380, 246–254. 

https://doi.org/10.1016/j.brainres.2010.11.074 



203 
 

Shizawa, M., Sanefuji, W., & Mohri, I. (2012). Ostensive Cues in Mother-Infant Interaction: 

Infants With and Without Autistic Disorder. The Japanese Journal of Special Education, 

49(6), 745–754. 

Shultz, S., & Dunbar, R. I. M. (2007). The evolution of the social brain: Anthropoid primates 

contrast with other vertebrates. Proceedings of the Royal Society B: Biological Sciences, 

274(1624), 2429–2436. https://doi.org/10.1098/rspb.2007.0693 

Shutts, K., Roben, C. K. P., & Spelke, E. S. (2013). Children’s Use of Social Categories in 

Thinking About People and Social Relationships. Journal of Cognition and Development, 

14(1), 35–62. https://doi.org/10.1080/15248372.2011.638686 

Skorich, D. P., & Mavor, K. I. (2013). Cognitive load privileges memory-based over data-driven 

processing, not group-level over person-level processing. British Journal of Social 

Psychology, 52(3), 469–488. https://doi.org/10.1111/j.2044-8309.2012.02099.x 

Skorich, D. P., May, A. R., Talipski, L. A., Hall, M. H., Dolstra, A. J., Gash, T. B., & Gunningham, 

B. H. (2016). Is Social Categorization the Missing Link Between Weak Central Coherence 

and Mental State Inference Abilities in Autism? Preliminary Evidence from a General 

Population Sample. Journal of Autism and Developmental Disorders, 46(3), 862–881. 

https://doi.org/10.1007/s10803-015-2623-2 

Soproni, K., Miklósi, Á., Topál, J., & Csányi, V. (2002). Dogs’ (Canis familiaris) responsiveness 

to human pointing gestures. Journal of Comparative Psychology, 116(1), 27–34. 

https://doi.org/10.1037/0735-7036.116.1.27 

Southgate, V., Chevallier, C., & Csibra, G. (2009). Sensitivity to communicative relevance tells 

young children what to imitate. Developmental Science, 12(6), 1013–1019. 

https://doi.org/10.1111/j.1467-7687.2009.00861.x 

Spencer, M. D., Holt, R. J., Chura, L. R., Suckling, J., Calder, A. J., Bullmore, E. T., & Baron-

Cohen, S. (2011). A novel functional brain imaging endophenotype of autism: The neural 

response to facial expression of emotion. Translational Psychiatry, 1(7), e19–e19. 

https://doi.org/10.1038/tp.2011.18 



204 
 

Spratt, E. G., Nicholas, J. S., Brady, K. T., Carpenter, L. A., Hatcher, C. R., Meekins, K. A., … 

Charles, J. M. (2012). Enhanced cortisol response to stress in children in autism. Journal of 

Autism and Developmental Disorders, 42(1), 75–81. https://doi.org/10.1007/s10803-011-

1214-0 

Stamm, N. S. (1961). Social Facilitation in monkeys. Psychological Reports (Vol. 8). Southern 

Universities Press. 

Stevenson, R. A., Siemann, J. K., Schneider, B. C., Eberly, H. E., Woynaroski, T. G., Camarata, 

S. M., & Wallace, M. T. (2014). Multisensory temporal integration in autism spectrum 

disorders. Journal of Neuroscience, 34(3), 691–697. 

https://doi.org/10.1523/JNEUROSCI.3615-13.2014 

Syal, S., & Finlay, B. L. (2011). Thinking outside the cortex: Social motivation in the evolution 

and development of language. Developmental Science, 14(2), 417–430. 

https://doi.org/10.1111/j.1467-7687.2010.00997.x 

Szetei, V., Miklósi, Á., Topál, J., & Csányi, V. (2003). When dogs seem to lose their nose: An 

investigation on the use of visual and olfactory cues in communicative context between dog 

and owner. Applied Animal Behaviour Science, 83(2), 141–152. 

https://doi.org/10.1016/S0168-1591(03)00114-X 

Tager-Flusberg, H. (2007). Evaluating the Theory-of-Mind Hypothesis of Autism. Current 

Directions in Psychological Science, 16(6), 311–315. https://doi.org/10.1111/j.1467-

8721.2007.00527.x 

Tauzin, T., Csík, A., Kis, A., & Topál, J. (2015). What or where? The meaning of referential human 

pointing for dogs (Canis familiaris). Journal of Comparative Psychology, 129(4), 334–338. 

https://doi.org/10.1037/a0039462 

Tavassoli, T., Miller, L. J., Schoen, S. A., Nielsen, D. M., & Baron-Cohen, S. (2014). Sensory 

over-responsivity in adults with autism spectrum conditions. Autism, 18(4), 428–432. 

https://doi.org/10.1177/1362361313477246 

Téglás, E., Gergely, A., Kupán, K., Miklósi, Á., & Topál, J. (2012). Dogs’ gaze following is tuned 



205 
 

to human communicative signals. Current Biology, 22(3), 209–212. 

https://doi.org/10.1016/j.cub.2011.12.018 

Thalmann, O., Shapiro, B., Cui, P., Schuenemann, V. J., Sawyer, S. K., Greenfield, D. L., … 

Wayne, R. K. (2013). Complete mitochondrial genomes of ancient canids suggest a European 

origin of domestic dogs. Science, 342(6160), 871–874. 

https://doi.org/10.1126/science.1243650 

Tomasello, M., Carpenter, M., Call, J., Behne, T., & Moll, H. (2005). Understanding and sharing 

intentions: The origins of cultural cognition. Behavioral and Brain Sciences, 28(5), 675–691. 

https://doi.org/10.1017/S0140525X05000129 

Tomasello, M., & Vaish, A. (2013). Origins of Human Cooperation and Morality. Annual Review 

of Psychology, 64(1), 231–255. https://doi.org/10.1146/annurev-psych-113011-143812 

Topál, J., & Gácsi, M. (2012). Lessons we should learn from our uni que relationship with dogs : 

An ethological approach. In Human-Animal Studies (Vol. 14, pp. 163–186). Brill Academic 

Publishers. https://doi.org/10.1163/9789004233041_010 

Topál, J., Gergely, G., Erdöhegyi, Á., Csibra, G., & Miklósi, Á. (2009). Differential sensitivity to 

human communication in dogs, wolves, and human infants. Science, 325(5945), 1269–1272. 

https://doi.org/10.1126/science.1176960 

Topál, J., Gergely, G., Miklósi, Á., Erdohegyi, Á., & Csibra, G. (2008). Infants’ perseverative 

search errors are induced by pragmatic misinterpretation. Science, 321(5897), 1831–1834. 

https://doi.org/10.1126/science.1161437 

Topál, J., Kis, A., & Oláh, K. (2014). Dogs’ Sensitivity to Human Ostensive Cues: A Unique 

Adaptation? A Unique Adaptation? In The Social Dog: Behavior and Cognition (pp. 319–

346). Elsevier Inc. https://doi.org/10.1016/B978-0-12-407818-5.00011-5 

Topál, J., Miklósi, Á., Csányi, V., & Dóka, A. (1998). Attachment Behavior in Dogs (Canis 

familiaris): A New Application of Ainsworth’s (1969) Strange Situation Test. Journal of 

Comparative Psychology, 112(3), 219–229. https://doi.org/10.1037/0735-7036.112.3.219 

Topál, J., Miklósi, Á., Gácsi, M., Dóka, A., Pongrácz, P., Kubinyi, E., … Csányi, V. (2009). 



206 
 

Chapter 3 The Dog as a Model for Understanding Human Social Behavior. Advances in the 

Study of Behavior. Academic Press. https://doi.org/10.1016/S0065-3454(09)39003-8 

Topál, J., Román, V., & Turcsán, B. (2019). The dog (Canis familiaris) as a translational model of 

autism: It is high time we move from promise to reality. Wiley Interdisciplinary Reviews: 

Cognitive Science, 10(4), e1495. https://doi.org/10.1002/wcs.1495 

Travis, L. L., & Sigman, M. (1998). Social deficits and interpersonal relationships in autism. 

Mental Retardation and Developmental Disabilities Research Reviews, 4(2), 65–72. 

https://doi.org/10.1002/(SICI)1098-2779(1998)4:2<65::AID-MRDD2>3.0.CO;2-W 

Triplett, N. (1898). The Dynamogenic Factors in Pacemaking and Competition. The American 

Journal of Psychology, 9(4), 507. https://doi.org/10.2307/1412188 

Tsilioni, I., Dodman, N., Petra, A. I., Taliou, A., Francis, K., Moon-Fanelli, A., … Theoharides, 

T. C. (2014). Elevated serum neurotensin and CRH levels in children with autistic spectrum 

disorders and tail-chasing Bull Terriers with a phenotype similar to autism. Translational 

Psychiatry, 4(10), e466. https://doi.org/10.1038/tp.2014.106 

Turcsán, B., Szánthó, F., Miklósi, Á., & Kubinyi, E. (2015). Fetching what the owner prefers? 

Dogs recognize disgust and happiness in human behaviour. Animal Cognition, 18(1), 83–94. 

https://doi.org/10.1007/s10071-014-0779-3 

Turner, J. C., Oakes, P. J., Haslam, S. A., & McGarty, C. (1994). Self and Collective: Cognition 

and Social Context. Personality and Social Psychology Bulletin, 20(5), 454–463. 

https://doi.org/10.1177/0146167294205002 

Twenge, J. M., Ciarocco, N. J., Baumeister, R. F., DeWall, C. N., & Bartels, J. M. (2007). Social 

exclusion decreases prosocial behavior. Journal of Personality and Social Psychology, 92(1), 

56–66. https://doi.org/10.1037/0022-3514.92.1.56 

Udell, M. A. R., Dorey, N. R., & Wynne, C. D. L. (2010). What did domestication do to dogs? A 

new account of dogs’ sensitivity to human actions. Biological Reviews, 85(2), 327–345. 

https://doi.org/10.1111/j.1469-185X.2009.00104.x 

Van de Cruys, S., de-Wit, L., Evers, K., Boets, B., & Wagemans, J. (2013). Weak priors versus 



207 
 

overfitting of predictions in autism: Reply to Pellicano and Burr (TICS, 2012). I-Perception, 

4(2), 95–97. https://doi.org/10.1068/i0580ic 

van de Cruys, S., Evers, K., van der Hallen, R., van Eylen, L., Boets, B., de-Wit, L., & Wagemans, 

J. (2014). Precise minds in uncertain worlds: Predictive coding in autism. Psychological 

Review, 121(4), 649–675. https://doi.org/10.1037/a0037665 

Vas, J., Topál, J., Péch, É., & Miklósi, Á. (2007). Measuring attention deficit and activity in dogs: 

A new application and validation of a human ADHD questionnaire. Applied Animal 

Behaviour Science, 103(1–2), 105–117. https://doi.org/10.1016/j.applanim.2006.03.017 

Vignal, C., Mathevon, N., & Mottin, S. (2008). Mate recognition by female zebra finch: Analysis 

of individuality in male call and first investigations on female decoding process. Behavioural 

Processes, 77(2), 191–198. https://doi.org/10.1016/j.beproc.2007.09.003 

Vivanti, G., & Nuske, H. J. (2017). Autism, attachment, and social learning: Three challenges and 

a way forward. Behavioural Brain Research, 325, 251–259. 

https://doi.org/10.1016/j.bbr.2016.10.025 

Waller, B. M., Caeiro, C. C., & Davila-Ross, M. (2015). Orangutans modify facial displays 

depending on recipient attention. PeerJ, 2015(3), e827. https://doi.org/10.7717/peerj.827 

Wang, A. T., Lee, S. S., Sigman, M., & Dapretto, M. (2006). Neural basis of irony comprehension 

in children with autism: the role of prosody and context. Brain : A Journal of Neurology, 

129(Pt 4), 932–943. https://doi.org/10.1093/brain/awl032 

Watanabe, T., Yahata, N., Abe, O., Kuwabara, H., Inoue, H., Takano, Y., … Yamasue, H. (2012). 

Diminished medial prefrontal activity behind autistic social judgments of incongruent 

information. PLoS ONE, 7(6). https://doi.org/10.1371/journal.pone.0039561 

Webb, S. J., Jones, E. J. H., Merkle, K., Namkung, J., Toth, K., Greenson, J., … Dawson, G. 

(2010). Toddlers with elevated autism symptoms show slowed habituation to faces. Child 

Neuropsychology, 16(3), 255–278. https://doi.org/10.1080/09297041003601454 

West, S. A., & Gardner, A. (2010). Altruism, spite, and greenbeards. Science. 

https://doi.org/10.1126/science.1178332 



208 
 

Wheeler, S. C., & DeMarree, K. G. (2009). Multiple Mechanisms of Prime-to-Behavior Effects. 

Social and Personality Psychology Compass, 3(4), 566–581. https://doi.org/10.1111/j.1751-

9004.2009.00187.x 

Williams, J. H.G., Whiten, A., Suddendorf, T., & Perrett, D. I. (2001). Imitation, mirror neurons 

and autism. Neuroscience and Biobehavioral Reviews. Elsevier Ltd. 

https://doi.org/10.1016/S0149-7634(01)00014-8 

Williams, Justin H.G., Whiten, A., & Singh, T. (2004). A systematic review of action imitation in 

autistic spectrum disorder. Journal of Autism and Developmental Disorders. 

https://doi.org/10.1023/B:JADD.0000029551.56735.3a 

Worsley, H. K., & O’Hara, S. J. (2018). Cross-species referential signalling events in domestic 

dogs (Canis familiaris). Animal Cognition, 21(4), 457–465. https://doi.org/10.1007/s10071-

018-1181-3 

Yamada, R., Kuze-Arata, S., Kiyokawa, Y., & Takeuchi, Y. (2019). Prevalence of 25 canine 

behavioral problems and relevant factors of each behavior in japan. Journal of Veterinary 

Medical Science, 81(8), 1090–1096. https://doi.org/10.1292/jvms.18-0705 

Younger, B. A. (2003). Parsing objects into categories: Infants’ perception and use of correlated 

attributes. In Early category and concept development:  Making sense of the blooming, 

buzzing confusion. (pp. 77–102). Younger, Barbara A.: Dept of Psychological Services, 

Purdue U, West Lafayette, IN, US, 47907-1364, younger@psych.purdue.edu: Oxford 

University Press. 

Younger, B. A., & Fearing, D. D. (2000). A Global-to-Basic Trend in Early Categorization: 

Evidence From a Dual-Category Habituation Task. Infancy, 1(1), 47–58. 

https://doi.org/10.1207/S15327078IN0101_05 

Zajonc, R. B. (1965). Social facilitation. Science, 149(3681), 269–274. 

https://doi.org/10.1126/science.149.3681.269 

Zajonc, R. B., & Sales, S. M. (1966). Social Facilitation of Dominant and Subordinate Responses’. 

Journal of experimental social psychology (Vol. 2). 



209 
 

Zeder, M. A. (2016). Domestication as a model system for niche construction theory. Evolutionary 

Ecology, 30(2), 325–348. https://doi.org/10.1007/s10682-015-9801-8 

LIST OF PUBLICATIONS 

Oláh K, Elekes F, Turcsán B, Kiss O, Topál J. (2016). Social Pre-treatment Modulates Attention 

Allocation to Transient and Stable Object Properties FRONTIERS IN PSYCHOLOGY 7: Paper 

1619.  https://doi.org/10.3389/fpsyg.2016.01619 

Galambos, Á., Gergely, A., Kovács A. B., Kiss, O. and Topál, J. (2020). Affect matters: positive 

and negative social stimulation influences dogs’ behaviour in an instrumental helping situation, 

APPLIED ANIMAL BEHAVIOUR SCIENCE. Submitted manuscript. 

Kiss, O., Oláh, K., Fehér, L. J., Topál, J. (2020). Social categorization based on permanent vs 

transient visual traits in neurotypical children and children with autism spectrum disorder. 

SCIENTIFIC REPORTS. Submitted manuscript. 

Kiss O, Kovács K, Szánthó F, Topál J. (2018). Similarity between an unfamiliar human and the 

owner affects dogs’ preference for human partner when responding to an unsolvable problem. 

LEARNING & BEHAVIOR, doi: 10.3758/s13420-018-0337-y. 

Kiss, O., Topál, J (2019). How do dogs monitor the human’s attentional state after challenged by 

the presence of forbidden food? BIOLOGICA FUTURA 70:2, 

https://doi.org/10.1556/019.70.2019.13 

Kiss, O., Kis, A., Topál, J. (2020) Behavioral and neurophysiological correlates of dogs’ 

individual sensitivity to being observed by their owners while performing a repetitive fetching 

task. FRONTIERS IN PSYCHOLOGY, https://doi.org/10.3389/fpsyg.2020.01461 

Gergely, A., Kiss, O., Reicher, V., Iotchev, I., Kovács, E., Gombos, F., Benczúr, A., Topál, J., 

Kis, A. (2020). Reliability of Family Dogs’ Sleep Structure Scoring Based on Manual and 

Automated Sleep Stage Identification. ANIMALS. https://doi.org/10.3390/ani10060927 

Topál J, Kiss O (2017). Hogyan és miért vált a kutya a kognitív viselkedéstudomány 

csimpánzává? MAGYAR PSZICHOLÓGIAI SZEMLE 72:(4) pp. 591-607. 

https://doi.org/10.1556/0016.2017.72.4.8 

Presentations related to the thesis points 

Kiss, O., Kis, A., and Topál, J. (2019) Audience effect in dogs: behavioral measures and sleep 

EEG monitoring. ESCOP,  2019, Tenerife. 

Kiss, O., Topál, J.  (2018). Owner’s visual attention increases task performance in dogs – Donders 

Discussion 2018, Nijmegen 

https://doi.org/10.3389/fpsyg.2016.01619
https://doi.org/10.1556/019.70.2019.13
https://doi.org/10.3389/fpsyg.2020.01461
https://doi.org/10.3390/ani10060927


210 
 

Kiss, O., Topál, J. (2018). Similarity between an unfamiliar human and the owner affects dogs’ 

preference for human partner when responding to an unsolvable problem.– CSF2018, Budapest 

Kiss, O., Topál, J.  (2018). Owner’s visual attention affects monotonous task performance in dogs 

- CSF2018, Budapest 

Kiss, O., Topál, J.  (2018). Audience effect in dogs – BCCCD2018, Budapest 

Kiss, O., Topál, J. (2018). The effect of an audience on dog’s performance – DUCOG2018, 

Budapest 

Kiss, O., Topál, J. (2017). Társas érzékenység és kategorizációs képesség vizsgálata kutyákon. 

Fiatal kutatók félidőben – 2017, Budapest 

Kiss, O. Kovács, K., Szántó, F., Topál, J. (2017). Discrimination between ingroup and outgroup 

human partners in dogs. BCCCD2017 - Budapest  

Kiss, O., Gergely, A., Topál, J. (2017). Audience effect in dogs. Donders Discussion 2017, 

Nijmegen 

Kiss O., Kovács K., Szántó F. és Topál J. (2016) Szociális kategorizáció kutyáknál – MET2016 

 


