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Abstract 

This thesis explores whether the signature-testing approach is effective for investigating dogs’ 

social cognition. I begin by examining whether dogs show a similar ‘watching-eye’ effect as 

humans and take longer to steal food when in the presence of pictures of eyes. I then 

demonstrate whether scaffolding behaviour improves dogs’ performance on an A-not-B detour 

task as it does for infants. Next, I test whether dogs engage in contagious yawning by re-

analysing data from six previous studies. I test also whether this contagious yawning is reliable 

indicator of empathy by examining whether dogs show any of the familiarity, gender, or 

sociality biases in their propensity to contagiously yawn. Finally, I examine whether dogs show 

a ‘justification of effort’ effect and whether this effect is better explained in terms of cognitive 

dissonance or a within-trial contrast effect by seeing how hard dogs pull to reach toy vary 

depending on the effort required to obtain the toy or how they had to wait for the toy.  

My results show that dogs do not show the ‘watching-eye’ effect as humans, nor do they 

respond to scaffolding behaviour in a similar way to infants. Dogs do contagiously yawn but it 

is not a reliable signal of empathy as they do not exhibit any of the three predicted biases. 

Finally, dogs do show cognitive dissonance, pulling harder for high effort toys but not long 

delay toys. Together, my results provide support for the Evolved-Potential hypothesis for the 

evolution of dog cognition: dogs have a specific suite of cognitive mechanisms adapted for 

living humans but that these cognitive mechanisms did not necessarily result from the same 

selection pressures shaping human social cognition.  

I conclude by assessing how useful the signature-testing approach was for exploring dogs’ 

social cognition and whether there are any conclusions that can be drawn about the 

usefulness or the limitations of the signature-testing more generally. The resulting general 

principals can be applied to a wide range of cognitive domains. 
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Chapter One: Introduction 

The lives of dogs and humans have been intertwined for a considerable period of time. 

Reliable archaeological evidence shows that dogs have lived closely with humans for at least 

15,000 years (Marshall-Pescini & Kaminski, 2014), and both genetic data (Thalmann et al., 

2013) and more putative archaeological evidence (Morey, 2017) suggests that dogs may have 

been first domesticated at least 30,000 years ago. Since evidence emerged that dogs are 

better at following human pointing gestures than chimpanzees (Hare, Brown, Williamson, 

& Tomasello, 2002; Hare, Call, & Tomasello, 1998), there has been much interest in whether 

selection pressure to live more harmoniously with humans has led to the evolution of 

complex socio-cognitive abilities in dogs.  

1.1 What do (we think) we know about dogs’ social cognition?  

In the almost twenty years since the original studies looking at dogs’ ability to follow 

pointing gestures, there have been a wealth of studies investigating dogs’ social behaviour. 

As well as being highly sensitive to human pointing gestures (for review see Kaminski & 

Nitzschner, 2013), dogs appear to be generally sensitive to what human see. Dogs track 

humans’ visual attention (Call, Bräuer, Kaminski, & Tomasello, 2003; Virányi, Topál, Gácsi, 

Miklósi, & Csányi, 2004), seem to have some understanding of human perspective taking 

(Kaminski, Bräuer, Call, & Tomasello, 2009; Kaminski, Pitsch, & Tomasello, 2013), and use 

ostensive-communication cues such as eye contact as means to establish whether a human 

is communicating with them (Kaminski, Schulz, & Tomasello, 2012; Téglás, Gergely, Kupán, 

Miklósi, & Topál, 2012). Dogs also appear to be able to recognize human emotions (Müller, 

Schmitt, Barber, & Huber, 2015; Natalia et al., 2016) and can use human’s emotional displays 

to guide their behaviour in approaching novel objects (Merola, Prato-Previde, & Marshall-

Pescini, 2012) , choosing between objects to explore (Buttelmann & Tomasello, 2013), and 

determining which object a human wants retrieved (Turcsán, Szánthó, Miklósi, & Kubinyi, 

2015). Finally, while the evidence is more mixed (Nitzschner, Melis, Kaminski, & Tomasello, 

2012), there is also evidence that dogs make reputation-like inferences based on a strangers’ 

behaviour towards a third party (Chijiiwa, Kuroshima, Hori, Anderson, & Fujita, 2015; 

Freidin, Putrino, D’Orazio, & Bentosela, 2013; Marshall-Pescini, Passalacqua, Ferrario, 

Valsecchi, & Prato-Previde, 2011).  

This is far from an exhaustive summary of research into dogs’ social behaviour, but it 

illustrates that dogs show a range of seemingly sophisticated social behaviour. As such, there 
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has been vigorous debate over how the cognitive mechanisms driving this behaviour have 

evolved. From this debate, three major viewpoints have emerged:  

1. The Domestication Hypothesis: Across a wide range of animal taxa, domestication 

appears to result in a consistent suite of morphological, hormonal, temperament, 

behavioural, and cognitive traits appearing in the domesticated species compared to 

their wild cousins (Larson & Fuller, 2014; Wilkins, Wrangham, & Fitch, 2014). This 

‘Domestication Syndrome’ is considered to be a by-product resulting from consistent 

selection for increased docility and social tolerance (Trut, Oskina, & Kharlamova, 

2009). The domestication hypothesis posits that humans have self-domesticated 

themselves (Leach, 2003; Sánchez-Villagra & van Schaik, 2019) and that this process 

of domestication in dogs and humans has resulted in the convergent evolution of a 

wide range of socio-cognitive abilities in both species (Call et al., 2010; Hare et al., 

2002; Hare & Tomasello, 2005). 

2. The Two-Stage Hypothesis: In contrast to the domestication hypothesis, proponents 

of the two-stage hypothesis argue that dogs’ socio-cognitive abilities , and their 

sensitivity to human communication cues in particular, are not the result of 

convergent evolution but instead reflects an increased tolerance for humans in dogs 

(stage 1) followed by extensive exposure to humans from a young age (stage 2) (Udell, 

2008; Udell, Dorey, & Wynne, 2008, 2010). Under this interpretation, dogs ability to 

comprehend pointing gestures and other communicative cues result from 

associative learning and dogs’ improved performance in this domain compared to 

other animals merely reflects unprecedented exposure to human actions (Udell et 

al., 2008).   

3. The Evolved-Potential Hypothesis: rather than arguing that dog’s shared socio-

cognitive abilities with humans are the result of either convergent evolution or 

simple exposure to humans, the evolved-potential hypothesis argues that while there 

is continuity between the socio-cognitive abilities of dogs and other canids (Range 

& Virányi, 2015), selection pressure to better co-exist with humans has resulted in 

the evolution of specific socio-cognitive abilities in dogs (Miklósi & Kubinyi, 2016; 

Miklósi & Topál, 2013). For example, it is often assumed that dogs’ sensitivity to 

human ostensive-communication cues is an adaptation for living with humans 

(Topál, Kis, & Oláh, 2014). While the Domestication Hypothesis posits that humans 

and dogs have arrived at the same broad suite of socio-cognitive mechanisms as by-

products from convergent selection pressure for increased docility, the Evolved-



3 
 

Potential Hypothesis instead argues that dogs have a narrower suite of socio-

cognitive mechanisms that are specific adaptations for living more harmoniously 

with humans (Miklósi & Topál, 2013). Additionally, some of these socio-cognitive 

mechanisms may be unique to dogs, resulting in humans and dogs solving the same 

problems with different cognitive mechanisms (Kaminski & Nitzschner, 2013).   

1.2 What do we actually know? (And why don’t we know more?) 

Testing between these theories typically involves comparing dogs’ performance in particular 

tasks with the performance of humans (Hertel, Kaminski, & Tomasello, 2014; Péter, Gergely, 

Topál, Miklósi, & Pongrácz, 2014), wolves (Miklósi et al., 2003; Topál, Gergely, Erdőhegyi, 

Csibra, & Miklósi, 2009; Udell et al., 2008), other domesticated species (Albiach-Serrano, 

Bräuer, Cacchione, Zickert, & Amici, 2012; Hare et al., 2005; Hernádi, Kis, Turcsán, & Topál, 

2012), and wild species such as chimpanzees (Kaminski, Riedel, Call, & Tomasello, 2006; 

Kirchhofer, Zimmermann, Kaminski, & Tomasello, 2012). However, despite an array of 

interesting results, the cognitive mechanisms regulating dogs’ social behaviour has 

remained frustratingly opaque. There are two main reasons for this lack of clarity. Firstly, 

comparisons between dogs and other species have been confounded by questions about 

whether there have been systematic between-species biases in experimental methodology 

(Mulcahy & Hedge, 2012) or how to adequately control for differences in the amount of 

training required prior to experiments (Call et al., 2010). Secondly, alongside these 

procedural issues, there is a fundamental problem with the experimental philosophy 

underpinning these comparisons. Such comparisons have tended to use task-focused 

experimental designs, where animals’ performances on a particular task are compared and 

used to infer the cognitive mechanisms responsible for producing the behaviour. However, 

if several cognitive mechanisms could plausibly explain an animal’s success or failure on a 

task, this task-focused approach cannot elucidate whether two species are using the same 

or different cognitive mechanisms to solve a particular problem (Taylor, 2014; Taylor & 

Neilands, 2018).  

In light of this limitation, there has been considerable interest in moving beyond task-

focused experimental paradigms to process-driven paradigms. With a process-driven 

approach, there is greater emphasis on probing the cognitive processes responsible rather 

than merely cataloguing what experimental tasks various animals can solve or not (Kacelnik, 

2009; Seed, Seddon, Greene, & Call, 2012; Taylor, 2014; Taylor & Gray, 2009; Taylor & 

Neilands, 2018). One potentially powerful approach is the signature-testing approach. 
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Signatures are patterns of behaviour that are associated with particular cognitive 

mechanisms. If an animal is using a particular cognitive mechanism to solve a problem, then 

it should display these signatures whilst doing so. The famous Turing test (Turing, 1950) can 

be thought of as a form of signature testing (Taylor, 2014). If an agent was asked a long list 

of maths questions and it responded instantly and without any errors, it would be difficult 

to convince the questionnaire that this agent was human. In that sense, fallibility and the 

need for computing time can be thought of as two signatures that distinguish humans from 

machines. In animals, the presence or absence of similar signatures both constrain the 

potential cognitive mechanisms responsible for driving a behaviour, and allow for easier 

comparison between species, as species which are using the same cognitive mechanisms to 

solve analogous problems should display similar behavioural signatures (Gruber et al., 2019; 

Neilands, Jelbert, Breen, Schiestl, & Taylor, 2016; Taylor, 2014; Taylor & Neilands, 2018). The 

signature-testing approach has been successful in helping to unpick the cognitive 

mechanisms behind corvid physical problem-solving behaviour (Gruber et al., 2019; Jelbert 

et al., 2019; Neilands et al., 2016; Taylor, Knaebe, & Gray, 2012) and the aim of this thesis is 

to determine whether the signature-testing approach would be suitable for exploring the 

cognitive mechanisms behind dogs’ social behaviour. 

1.3 Structure of the thesis 

Since it was first shown that dogs outperform chimpanzees at following human pointing 

gestures (Hare et al., 2002, 1998), there has been a keen interest in how dogs interpret 

pointing (Kaminski & Nitzschner, 2013). Research has suggested that dogs’ understanding of 

pointing cannot be explained by low level explanations such as location or stimulus 

enhancement. Dogs will move towards the object being pointed at even if the experimenter 

is standing beside the other object (Hare et al., 1998) or moving away from the location that 

they are pointing towards (Mckinley & Sambrook, 2000). It also has been suggested that 

dogs simply learn to associate approaching objects that humans are pointing at with 

obtaining food rewards (Bentosela, Barrera, Jakovcevic, Elgier, & Mustaca, 2008; Elgier, 

Jakovcevic, Barrera, Mustaca, & Bentosela, 2009). However, as mentioned above, dogs are 

sensitive to human ostensive-communication cues such as name-calling or eye contact when 

deciding to follow pointing gestures or not (Kaminski et al., 2012; Soproni, Miklósi, Topál, & 

Csányi, 2001; Téglás et al., 2012). Similarly to infants (Atsushi Senju & Csibra, 2008), dogs 

were more likely to follow a either human’s gaze (Téglás et al., 2012) or pointing gesture 

(Kaminski et al., 2012) when the experimenter’s head turning or gesture was preceded by the 

experimenter addressing the dog and making eyes contact. Given that other animals such as 
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chimpanzees (Kano et al., 2018; Kirchhofer et al., 2012) and wolves (Topál et al., 2009) do not 

appear to be sensitive to these ostensive-communication cues, some authors have argued 

that this apparent understanding of the referential nature of the gestures and the 

communicative intent behind these gestures suggests that dogs are not simply learning to 

associate pointing gestures with rewards but instead are specifically adapted to follow 

human communication cues (Kaminski & Nitzschner, 2013; Topál et al., 2009, 2014).   

 Reflecting its historical importance in the field, the first two chapters of this thesis will 

investigate whether the cognitive signature approach can help determine whether dogs’ and 

humans’ sensitivity to ostensive-communication cues are the result of convergent evolution 

(Topál et al., 2014). There has also been interest in whether dogs show similar socio-cognitive 

abilities in non-communicative contexts. Indeed, the domestication hypothesis predicts that 

dogs and humans should share a wide range of cognitive abilities across social domains 

(Hare & Tomasello, 2005; Wilkins et al., 2014). Therefore, chapters three and four are focused 

on dogs’ cognitive abilities in other social domains.  

 1.4 Exploring Ostensive-Communication Cues Using the Cognitive Signature Approach 

In Chapter Two, I investigated whether dogs’ and humans’ sensitivity to eye gaze are 

underpinned by the same cognitive mechanisms. Sensitivity to eye contact is a crucial 

component of ostensive-communication cues and both dogs and humans are highly 

sensitive to cues of being watched. Evidence from the lab and the field shows that humans 

are more likely to donate more when they know others can watch the amount they are giving 

(Satow, 1975; Soetevent, 2005). Being watched also makes it more likely that individuals will 

make prosocial choices; both in real-life situations (Bereczkei, Birkas, & Kerekes, 2007; 

Cañigueral & Hamilton, 2019) and when playing economic games (Burton-Chellew, El 

Mouden, & West, 2017; D. Engelmann & Fischbacher, 2009; Filiz-Ozbay & Ozbay, 2014). 

Dogs are possibly unique among other animals in the extent to which they flexibly attend to 

human eye gaze (Kaminski & Nitzschner, 2013). As well as using eye contact as a means of 

establishing referential communication (Kaminski et al., 2012; Téglás et al., 2012), dogs are 

quicker to steal food and slower to obey commands (Call et al., 2003; Virányi et al., 2004) 

when an experimenters’ eyes are covered, follow human gaze around barriers (Bräuer, Call, 

& Tomasello, 2004) and use eye contact to decide which experimenter to approach in a 

begging paradigm (Gácsi, Miklósi, Varga, Topál, & Csányi, 2004; Virányi et al., 2004). 

However, despite dogs’ and humans’ sharing unparalleled sensitivity to cues of being 
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watched, little is known about whether this sensitivity is underpinned by the same cognitive 

mechanisms.  

In order to test this, I explored whether dogs show the ‘watching-eye’ effect; a key signature 

associated with sensitivity to being watched in humans. Human’s sensitivity to being 

watched extends to behaving better when in the presence of images of eyes (Dear, Dutton, 

& Fox, 2019). For example, people tend to act more prosocially both when taking part in 

economic games (Burnham & Hare, 2007; Haley & Fessler, 2005; Oda, Niwa, Honma, & 

Hiraishi, 2011) and in real-world settings (Bateson, Callow, Holmes, Redmond Roche, & 

Nettle, 2013; Bateson, Nettle, & Roberts, 2006; Ekström, 2011; Ernest-Jones, Nettle, & Bateson, 

2011; Krupka & Croson, 2016). If dogs’ and humans’ sensitivity to cues of being watched are 

underpinned by similar cognitive mechanisms, I predicted that dogs would be slower to steal 

food in the presence of pictures of eyes compared to pictures of flowers. On the other hand, 

if humans’ sensitivity to being watched is an adaptation relating to reputation-management 

(Vaish, Kelsey, Tripathi, & Grossmann, 2017) then dogs should not show the ‘watching-eye’ 

effect as dogs do not appear to engage in reputation-management (Hertel et al., 2014).  

In Chapter Three, I investigated whether dogs performed better at an inhibitory task in 

response to an experimenter’s scaffolding behaviour. Scaffolding behaviour is a form of 

“autonomy support” where an adult uses ostensive-communication cues to focus a child on 

relevant parts of a task (Bernier, Carlson, & Whipple, 2010; Hammond, Müller, Carpendale, 

Bibok, & Liebermann-Finestone, 2012). Scaffolding behaviour leads to improved 

performance in executive function tasks in children (Hammond et al., 2012; S. E. Miller & 

Marcovitch, 2011) and the extent to which parents engage in scaffolding behaviour can 

predict children’s future executive control (Bernier et al., 2010; Conway & Stifter, 2012; 

Hammond et al., 2012; Hopkins, Lavigne, Gouze, Lebailly, & Bryant, 2013; Hughes & Ensor, 

2009; Matte-Gagné & Bernier, 2011; Roskam, Stievenart, Meunier, & Noël, 2014; Valcan, 

Davis, & Pino-Pasternak, 2018). The mechanisms behind scaffolding behaviour remain 

poorly understood (Mermelshtine, 2017). One possibility is that such behaviour merely uses 

ostensive-communication cues to direct children’s attention to relevant parts of the problem 

via simple social learning mechanisms such as social facilitation or stimulus enhancement 

(Galef, 2012; Kirkham, Cruess, & Diamond, 2003). Alternatively, Natural Pedagogy theory 

posits that for children, ostensive-communicative cues do not simply elicit attention but 

function as signals that an individual is communicating meaningful, relevant information 

(Csibra & Gergely, 2009, 2011). A Natural Pedagogy account of scaffolding behaviour posits 

that the expectation that adults are communicating relevant information is crucial for 
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enabling children to ignore their previous experience on tasks and so re-direct their focus 

towards salient aspects of the task. Dogs are an ideal species to test between these two 

accounts because while both infants and dogs are sensitive to ostensive-communication 

cues (Kaminski et al., 2012; Téglás et al., 2012), they appear to interpret these cues very 

differently. Children interpret these cues as informative: using pointing to obtain 

(Liszkowski, Carpenter, Striano, & Tomasello, 2006) and share (Kovács, Tauzin, Téglás, 

Gergely, & Csibra, 2014) information and prioritizing ostensive-communicative cues from an 

early age (Butler & Markman, 2014; Topál, Gergely, Miklósi, Erdőhegyi, & Csibra, 2008). In 

contrast, dogs appear to interpret ostensive-communicative cues as primarily a means to 

request (Kaminski, Neumann, Bräuer, Call, & Tomasello, 2011) or command (Scheider, 

Kaminski, Call, & Tomasello, 2013). Rather than viewing these cues as truly informative, dogs 

appear to consider them to be “lightly imperative”: cues that are relevant in novel contexts 

but that will be often ignored if they conflict with previous experience (Scheider et al., 2013). 

Therefore, if scaffolding depends upon an expectation that these cues are informative, dogs 

should not be responsive to scaffolding behaviour.  

In this chapter, I presented dogs with a A-not-B detour task (Osthaus, Marlow, & Ducat, 

2010). After four learning trials, where dogs learnt to enter through gap A in a barrier to 

obtain food, dogs took part in four test trials where they now had to enter through gap B on 

the opposite side of the barrier to obtain the food. How likely dogs in a control condition 

were to commit the perseveration error (initially moving towards the side of the original 

gap) was compared to the performance of dogs in two scaffolding conditions: the 

experimenter either pointed at the gap or demonstrated the new route. If dogs did not show 

the scaffolding effect, it suggests that responding to scaffolding behaviour requires some 

expectation that such signals are informative. There has been vigorous debate over whether 

the suite of cognitive adaptions that children possess that predispose them to prioritize and 

learn from communicated information innate, human-specific adaptations (Csibra & 

Gergely, 2009, 2011) or whether these traits result from the interaction between general 

social learning mechanisms and a socio-cultural environment where children are regularly 

exposed to communicative cues (Gredebäck, Astor, & Fawcett, 2018; Heyes, 2016b). Given 

the similarity between dogs’ and humans’ sensitivity to ostensive-communication cues, a 

lack of scaffolding effect in dogs would suggest these cognitive traits are indeed unique 

human-specific adaptations. In contrast, if dogs do show the scaffolding effect, it would 

suggest that these pedological traits in infants are built upon a shared sensitivity to 

ostensive-communication cues.  
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1.5 Exploring Other Socio-Cognitive Domains Using the Signature Approach  

In Chapter Four, I investigated whether contagious yawning is a reliable cognitive signature 

of empathy in dogs. Empathy can be defined as having the capacity to a) be affected and 

share the same emotional state with another, b) assess the reasons for the other’s state, and 

c) identify with the other and adopt their perspective (de Waal, 2008; de Waal & Preston, 

2017). It has been proposed that the key feature underpinning empathy is a perception-

action mechanism, which allows individuals access to another’s emotions via state matching 

(de Waal, 2008; de Waal & Preston, 2017; Preston & de Waal, 2002). State matching occurs 

whenever observing a particular state in another individuals activates neural representations 

of that state in the observer; leading to the observer experiencing the same state. It has been 

theorized that the roots of this perception action mechanism lie deep within the mammalian 

lineage and thus all mammals experience at least some kind of empathy (de Waal & Preston, 

2017). Indeed, many owners report believing that their dogs are capable of empathy (Howell, 

Toukhsati, Conduit, & Bennett, 2013; Vitulli, 2006) and dogs display several helping 

behaviours that look tantalizing like empathetic helping (Custance & Mayer, 2012; Quervel-

Chaumette, Faerber, Faragó, Marshall-Pescini, & Range, 2016; Sanford, Burt, & Meyers-

Manor, 2018). However, it is difficult to disentangle empathetic explanations for this 

behaviour from simpler explanations such as associatively learnt responses (Custance & 

Mayer, 2012; Vasconcelos, Hollis, Nowbahari, & Kacelnik, 2012) or alternative motivations 

such as a desire for social contact (Hachiga et al., 2018; Schwartz, Silberberg, Casey, Kearns, 

& Slotnick, 2017). As such, the cognitive signature approach may potentially be very powerful 

at helping to distinguish between these competing explanations for dogs’ (and other 

mammals’) helping behaviour. 

One potential signal for empathy may be contagious yawning. Contagious yawning is the 

phenomena where seeing another individual yawn induces yawning in the observer 

(Guggisberg, Mathis, Schnider, & Hess, 2010). Evidence in humans suggests that empathy 

and contagious yawning may be underpinned by the same perception-action mechanism 

(de Waal & Preston, 2017; Norscia & Palagi, 2011; Platek, Critton, Myers, & Gallup, 2003; 

Platek, Mohamed, & Gallup, 2005). Therefore, it has been suggested that the presence of 

contagious yawning in other mammals is evidence of a shared perception-action mechanism 

underpinning empathy (de Waal & Preston, 2017; Demuru & Palagi, 2012; Romero, Konno, & 

Hasegawa, 2013). However, this argument depends on the assumption that contagious 

yawning is mediated by the same mechanism in both humans and other mammals. In 

humans, both contagious yawning and empathy show both a familiarity bias and gender 
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bias. That is, individuals report feeling greater empathy for familiar people and are also more 

likely to yawn if a familiar person yawns compared to a stranger (Norscia & Palagi, 2011); and 

women are both more likely to contagiously yawn (Norscia, Demuru, & Palagi, 2016) and 

report greater levels of empathy than men (Christov-Moore et al., 2014). As such, the 

presence of both of these biases would represent strong signatures that contagious yawning 

in dogs is mediated by the same perception-action mechanisms as in humans and therefore 

that contagious yawning is reliable signal that dogs possess the capacity for at least 

rudimentary empathy.  

In this chapter, we investigated whether contagious yawning is a reliable signal of empathy 

in dogs using two approaches. Firstly, there is mixed evidence that dogs contagiously yawn, 

with some studies showing evidence for contagious yawning (Joly-Mascheroni, Senju, & 

Shepherd, 2008; Madsen & Persson, 2013; Romero et al., 2013; Silva, Bessa, & de Sousa, 2012) 

and other studies finding no evidence (Buttner & Strasser, 2014; Harr, Gilbert, & Phillips, 

2009; O’Hara & Reeve, 2011). I constructed a new dataset from data from six of these studies 

(Buttner & Strasser, 2014; Joly-Mascheroni et al., 2008; Madsen & Persson, 2013; O’Hara & 

Reeve, 2011; Romero et al., 2013; Silva et al., 2012) and carried out a Bayesian multi-level 

analysis to answer the question of whether dogs contagiously yawn, and if so, did they show 

either of the familiarity or gender biases. Additionally, we carried out an experiment to 

search for a novel contagious signature for a perception-action mechanism underpinning 

both contagious yawning and empathy. In humans, people report feeling greater empathy 

for those who behave fairly and prosocially towards them (Bernhardt & Singer, 2012; Singer 

et al., 2006). As dogs show a similar preference for those who act prosocially towards them 

(Nitzschner et al., 2012), we carried out an experiment testing for this sociality bias. Dogs 

interacted with two experimenters. One experimenter acted prosocially towards the dogs, 

giving them positive attention and playing with them, whilst the second experimenter acted 

antisocially towards the dogs by ignoring them during the interaction phase. After 

interacting with the experimenter, dogs watched them yawn for five minutes. If dogs show 

the sociality bias, we predicted that they would yawn more in response to the prosocial 

experimenter’s yawn.  

In chapter four, I investigated what decision-making biases may influence dogs’ social 

cognition. In recent years, there has been increasing acknowledgement of the biases that 

influence human decision making (Danziger, Levav, & Avnaim-Pesso, 2011; Johnson, 

Blumstein, Fowler, & Haselton, 2013; Kahneman & Egan, 2011; Murata, Nakamura, & 

Karwowski, 2015). Investigating whether these biases are also present in non-human animals 



10 
 

is crucial to obtaining a better understanding of the evolution of these biases and this can 

lead to more effective mitigation of the negative impacts of these biases on human decisions 

(Santos & Rosati, 2015). One of the first cognitive biases to be discovered in humans was 

cognitive dissonance (Festinger & Carlsmith, 1959). Cognitive dissonance occurs whenever 

people recognize inconsistences in their beliefs and behaviours and subtly manipulate their 

mental representations to reduce this inconsistency (Aronson, 1992; Cooper, 2011; Harmon-

Jones & Harmon-Jones, 2019; Harmon-Jones, Harmon-Jones, & Levy, 2015).  

Two experimental paradigms have been used to search for cognitive dissonance in non-

human animals. One, the choice-induced preference change paradigm, suggests that 

primates but not bears show cognitive dissonance behaviour (Egan, Bloom, & Santos, 2010; 

Egan, Santos, & Bloom, 2007; West, Jett, Beckman, & Vonk, 2010). However, a more widely 

used experimental paradigm is the ‘justification of effort’ paradigm. In humans, even when 

two options are intrinsically equally valuable, individuals tend to show a preference for the 

option that was more costly to obtain (Harmon-Jones, Harmon-Jones, et al., 2015). For 

example, people tend to value group membership more when the cost of initiation was 

greater (Aronson & Mills, 1959; Gerard & Mathewson, 1966) or show greater enjoyment for 

a boring task when completing the task for an unpleasant person compared to a pleasant 

person (Shaffer & Hendrick, 1971). When pigeons, starlings, and rats were tested using a 

justification-of-effort paradigm, where subjects were presented with two equally valuable 

rewards but had to work harder to obtain one, they appear to show cognitive dissonance by 

showing a preference for the high-effort target (Friedrich & Zentall, 2004; Kacelnik & Marsh, 

2002; Lydall, Gilmour, & Dwyer, 2010). However, rather than being produced by cognitive 

dissonance, this behaviour seems to be produced by a within-trial-contrast effect instead 

(Zentall, 2016). Instead of their preference-change resulting from a drive to reduce 

inconsistency, their behaviour appears to be the result of simple associative learning where 

the greater relative reduction in frustration is paired with the high effort target leading it to 

acquire more positive valence. Crucially, as well as showing a preference for objects they 

work harder to get, these species also show preference for objects which they have to wait 

longer to obtain (DiGian, Friedrich, & Zentall, 2004; Lydall et al., 2010; Marsh, Schuck-Paim, 

& Kacelnik, 2004). If the bias for the high effort object was driven by cognitive dissonance, 

external factors such as time delays shouldn’t affect animals’ preference. As such, current 

evidence suggests that cognitive dissonance arose within the primate lineage (Eisenreich & 

Hayden, 2017). However, cognitive dissonance behaviour has been studied in few species so 

such conclusions are tentative.  
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In this chapter, we investigated whether dogs showed true justification of effort effects using 

a novel experimental paradigm. Dogs are an important species to test for cognitive 

dissonance, as it has been claimed that humans are particularly motivated to reduce 

inconsistency between socially-relevant cognitions (Bargh, 2018; Cooper, 2011). As such, if 

dogs have convergently evolved similar socio-cognitive abilities as humans during their 

domestication (Hare & Tomasello, 2005; Wilkins et al., 2014), it is possible that they too 

experience cognitive dissonance. We allowed dogs to play with two stuffed toys. After 

playing with the toys, dogs either had to obey four ‘shake-paw’ commands (high effort) or 

one ‘shake paw’ command (low effort). After obeying the paw commands, the dogs were 

attached to a force gauge and the experimenter called the dogs’ names and squeaked the 

toy. How hard the dog pulled was taken as a measure of preference for the toy. To control 

for the within-trial contrast hypothesis, we ran a second experimenter where instead of 

obeying ‘shake-paw’ commands, the dogs had to wait for either 15s (long delay) or 5s (short 

delay) before being attached to the force gauge. If dogs experience cognitive dissonance, 

they should display a reliable cognitive signature where they pull harder for the high effort 

condition but not the long delay condition. However, if their pulling behaviour is the result 

of within-trial contrast effects, they should pull harder for both the high effort and long 

delay conditions.   

1.6 Is the Cognitive Signature Approach Suitable for Exploring Dog’s Social Intelligence? 

In the final chapter for this thesis, I discuss the findings from chapters two to four. In 

particular, I consider what the signature-testing approach has revealed about dog’s social 

intelligence, the advantages of and limitations of the signature-testing approach, and the 

two main ways that it can be used to explore animal cognition: searching for differences in 

the signatures that different species display while solving particular tasks or by testing for 

the presence or absence of  signatures predicted by a particular cognitive mechanism.  
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Chapter Two 

Watching eyes do not stop dogs stealing food: evidence against a general 

risk-aversion hypothesis for the watching-eye effect1 

2.1 Introduction: 

Recent work has suggested that humans alter their behaviour when they know they are 

being observed (Bereczkei et al., 2007; Burton-Chellew et al., 2017; Cañigueral & Hamilton, 

2019; D. Engelmann & Fischbacher, 2009; Filiz-Ozbay & Ozbay, 2014; Satow, 1975; Soetevent, 

2005; Sylwester & Roberts, 2010). Strikingly, this tendency appears to extend to humans’ 

behaviour when merely being in the presence of eye images. For example, in lab studies 

where participants play economic games, people appear to donate more generously in the 

presence of images of eyes (Burnham & Hare, 2007; Haley & Fessler, 2005; Oda et al., 2011), 

even when the images are as minimal as three dots arranged as an inverted triangle (Rigdon, 

Ishii, Watabe, & Kitayama, 2009). This watching-eye effect also appears to generalize to the 

field. People display a tendency to donate more money to charity or an honesty box when 

there is an image of eyes on the boxes or solicitation materials compared to control images 

(Bateson et al., 2006; Ekström, 2011; Krupka & Croson, 2016), and they appear to be less likely 

to litter when there are posters with eyes on them in the surrounding environment (Bateson 

et al., 2013; Ernest-Jones et al., 2011).  

While there have been concerns about the effect not being robust (Fehr & Schneider, 2010; 

Northover, Pedersen, Cohen, & Andrews, 2017), a recent meta-analysis showed that 

watching-eyes results in a robust reduction in anti-social behaviour (Dear et al., 2019). 

Variation in effect size between studies appears to be dependent on the degree to which 

subjects attend to eyes (Vaish et al., 2017), and on subjects being in situations where being 

watched might have real-world consequences (e.g. when subjects are not in environments 

where there is already a high chance they are being watched (Powell, Roberts, & Nettle, 

2012), or where they are likely to be anonymous (Fehr & Schneider, 2010; Raihani & Bshary, 

2012; Saunders, Taylor, & Atkinson, 2016; Tane & Takezawa, 2011)). This research has led to 

the claim that the watching-eye effect is the result of species-specific adaptations in humans 

relating to reputation-management (Burnham & Hare, 2007; Dear et al., 2019; Nettle, Cronin, 

& Bateson, 2013; Vaish et al., 2017). Crucially, if the watching-eye effect was simply due to 

 
1 Based on the paper: Neilands et al, 2020. “Watching eyes do not stop dogs stealing food: evidence 
against a general risk-aversion hypothesis for the watching-eye effect” Scientific Reports 10:1153.  
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human-related images reinforcing social norms or making people feel guilty, any images 

relating to the human body should produce the same effect and the magnitude of the effect 

would be the same whether the subject’s actions are public or not. However, instead, it has 

been shown that images of other body parts do not induce the watching-eye effect and the 

magnitude of the effect is reduced when subjects’ actions are anonymous (Vaish et al., 2017). 

This suggests that the monitoring aspect of eyes is crucial for explaining the watching-eye 

effect.  

Whilst the extent to which societies engage in punishment varies, the universality of 

punishment in humans (Henrich et al., 2006; Marlowe et al., 2008) is striking in comparison 

to its rarity in other animals (Raihani, Thornton, & Bshary, 2012; Riedl, Jensen, Call, & 

Tomasello, 2012; Riehl & Frederickson, 2016). It has been argued that third-party 

punishment, where an observer punishes an individual for actions directed towards another 

person, has evolved in humans to enable large-scale cooperation (Buckholtz & Marois, 2012; 

Fehr & Fischbacher, 2004b; Hauser, McAuliffe, & Blake, 2009; Jensen, 2010; Melis & 

Semmann, 2010; Turcsán et al., 2015). This has led to the claim that the watching-eye effect 

is a by-product of species-specific adaptations in humans relating to reputation-

management (Burnham & Hare, 2007; Dear et al., 2019; Nettle et al., 2013; Vaish et al., 2017) 

This hypothesis posits that humans are highly sensitive to any cues of being watched in 

order to avoid being observed breaking social rules and so preserve their good reputation 

and avoid punishment.   

However, while wide-scale third-party punishment might be unique to humans, reputation 

management is not the only context in which being watched matters. Rather than being 

related to reputation management per se, the watching-eye effect may reflect a more general 

risk-aversion strategy: individuals simply act more cautiously when they feel they are being 

watched because many actions, including breaking social rules, are riskier when being 

observed. In support of this hypothesis, a tendency to act more cautiously in the presence 

of eyes is prevalent across the animal kingdom. For example, the eye spots on caterpillars 

and other prey species exploit their would-be predators’ sensitivity to cues of being observed 

(De Bona, Valkonen, López-Sepulcre, & Mappes, 2015; Janzen, Hallwachs, & Burns, 2010; 

Kjernsmo & Merilaita, 2017), and birds such as herring gulls are slower to approach food 

when a human is looking at them (Goumas, Burns, Kelley, & Boogert, 2019). Animals may 

also engage in tactical deception by altering their behaviour when being watched by more 

dominant individuals so as to avoid being attacked for taking food or engaging in 

reproductive activity (Bugnyar & Heinrich, 2006; Hall & Brosnan, 2017; Holekamp, Sakai, & 
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Lundrigan, 2007; Whiten & Byrne, 1988). Support for this ‘risk-aversion’ hypothesis also 

comes from work on the watching-eye effect in humans, as people who score highly on risk-

aversion measures tend to show greater susceptibility to the watching-eye effect (Keller & 

Pfattheicher, 2011). In contrast, inter-personal sensitivity, which relates to reputation-

management, does not predict such susceptibility (Keller & Pfattheicher, 2011). Rather than 

simply assuming that the watching-eye effect reflects human-specific adaptation, it is 

important to rule out alternative evolutionary explanations such as it being a by-product of 

general gaze aversion (Lloyd, 2015). 

Cross-species comparisons are potentially a powerful way to distinguish between the 

reputation-management and risk-aversion hypotheses. If this effect is the result of a general 

tendency to act more cautiously while being watched, we would predict that other animal 

species should also show this effect. In contrast, if the watching-eye effect is the result of 

human-specific adaptations relating to reputation management, we would predict that the 

watching-eye effect should be unique to humans. To date, outside of humans, the watching-

eye effect has only been explored in chimpanzees, who do not react to images of eyes (Nettle 

et al., 2013). However, chimpanzees may be a poor model species for testing between these 

hypotheses because they do not attend specifically to eyes as cues of visual attention 

(Tomasello, Hare, Lehmann, & Call, 2007). While they can engage in gaze-following, where 

they follow gazes round barriers, and preferentially beg from humans visually attending to 

them, they primarily rely on head and body orientation over eye orientation to do so (Bräuer, 

Call, & Tomasello, 2005; Kaminski, Call, & Tomasello, 2004). This reliance on body and head 

orientation reflects the fact that, like most primates, the sclera of chimpanzees’ eyes are dark 

and “camouflaged”, making eyes less salient as cues of visual attention (Kobayashi & 

Hashiya, 2011). Humans differ from other primates in being highly sensitive to eyes as cues 

of visual attention and the “cooperative eye” hypothesis posits that this is because eye 

contact plays a key role in facilitating cooperative interactions amongst humans (Tomasello 

et al., 2007). As such, rather than refuting the risk-aversion hypothesis, the lack of watching-

eye effect in chimpanzees may simply be a result of eyes not being salient cues of visual 

attention to chimpanzees.  

This lack of sensitivity towards eyes as cues of visual attention may not be restricted to 

chimpanzees. While other animals (Davidson & Clayton, 2016), particularly birds, have been 

shown to use eye direction as a cue of visual attention (Carter, Lyons, Cole, & Goldsmith, 

2008; Clucas, Marzluff, Mackovjak, & Palmquist, 2013; Garland, Low, Armstrong, & Burns, 

2014; von Bayern & Emery, 2009), they appear to use this cue in limited contexts. For 
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example, ravens appear to follow human gazes around barriers (Bugnyar, Stöwe, & Heinrich, 

2004) but do not use the gaze of either humans (Schloegl, Kotrschal, & Bugnyar, 2008a) or 

informed conspecifics (Schloegl, Kotrschal, & Bugnyar, 2008b) to locate hidden food. 

Similarly, monkeys are more likely to steal from an experimenter whose eyes are covered 

compared to an experimenter whose eyes are visible (Flombaum & Santos, 2005) but do not 

appear to use eye gaze as cues in either object-choice tasks (Anderson, Montant, & Schmitt, 

1996) or for choosing which experimenter to approach in order to beg for food (Maille, 

Engelhart, Bourjade, & Blois-Heulin, 2012). As such, refuting the risk-aversion hypothesis is 

not trivial because the absence of the watching-eye effect in other animals may simply reflect 

that many species appear not to find eyes to be highly salient cues of visual attention 

compared to other cues such as head or body orientation.  

In contrast, dogs are an excellent model species for testing between the risk-aversion and 

reputation-management hypotheses. Similarly to chimpanzees (Hare, Call, & Tomasello, 

2001), dogs appear to alter their behaviour in order to avoid direct punishment when being 

observed (Call et al., 2003; Virányi et al., 2004) but, unlike chimpanzees, are highly sensitive 

to eyes as cues of visual attention (Kaminski & Nitzschner, 2013). Dogs use eye contact as a 

cue of visual attention in a range of contexts including assessing whether to steal food (Call 

et al., 2003; Virányi et al., 2004), gaze-following around barriers (Bräuer et al., 2004), and 

deciding which human to approach in begging paradigms (Gácsi et al., 2004; Virányi et al., 

2004). Additionally, dogs use eye contact as a means to establish both communicative intent 

(Kaminski et al., 2012; Téglás et al., 2012), and social bonds (Nagasawa et al., 2015). In 

contrast, chimpanzees do not successfully use eye contact as a means of establishing 

communicative intent (Kano et al., 2018), and while mutual gaze does play a role in mother-

infant bonding in chimpanzees, gazes tend to be shorter in duration and mutual gaze is rare 

outside of the mother-infant pairing (Bard et al., 2005; Kobayashi & Hashiya, 2011). A similar 

reliance on eye contact is not found in wolves (Gácsi et al., 2009; Miklósi et al., 2003; 

Nagasawa et al., 2015), underlining dogs’ unparalleled sensitivity to eyes as a means of 

communication (Kaminski & Nitzschner, 2013; Kobayashi & Hashiya, 2011; Téglás et al., 2012; 

Tomasello et al., 2007). These findings mean that any failure to find the watching-eye effect 

in dogs cannot be attributed to dogs not attending specifically to eyes. As such, dogs are an 

ideal model species for testing whether risk-aversion or reputation management generates 

the watching eye effect. If this effect is the result of a general tendency to reduce risk-taking 

behaviour when an individual feels watched, dogs should also behave less anti-socially in 

the presence of pictures of eyes. In contrast, if the watching-eye effect is the result of human-
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specific adaptations for reputation management, images of eyes should have no effect on 

dog behaviour. 

To test between these hypotheses, we presented dogs with a food-stealing experiment 

consisting of two trials: a baseline ‘Go’ trial, where the owner encouraged the dog to take 

food which had been placed on the ground, and a test ‘Leave’ trial, where the owner forbade 

the dog from taking the food. In both trials, the owner turned their back after giving the 

command and a photo was revealed above the food. For half of the dogs, the revealed photo 

was of eyes and for the other half, it was of flowers. We then compared the approach speed 

to the food when dogs had been commanded to either take the food or leave it. If dogs 

experience the watching-eye effect, we predicted dogs in the Eye condition would approach 

the food slower in the ‘Leave’ trial than dogs in the Flower condition. In contrast, if eyes 

were a generally aversive stimulus for dogs, we predicted dogs in the Eye condition would 

approach the food slower in both the ‘Go’ trial and the ‘Leave’ trial. 

2.2 Material & Methods:  

Ethics Statement:  

The present study was approved by the University of Auckland Animal Ethics Committee 

R001826 and the University of Auckland Human Ethics Committee R018410. All work with 

the dogs was in accordance with the guidelines of the New Zealand National Animals Ethics 

Advisory Committee. Dogs were recruited through owners’ responses to online applications. 

Written informed consent for participating in this study was obtained from the owners. 

 Participants:  

A total of 58 dogs were recruited. Our sample size was determined by a stopping rule where 

we included dogs until we obtained a Bayes Factor of >3 or <0.333 and had at least 15 dogs in 

each condition. All dogs were pet dogs (aged 2-10 years old) which were accompanied to the 

lab by their owners. In order to participate in the study, dogs had to meet two criteria: i) 

they had to leave food for at least 5s after their owner had told them to do so before turning 

their back, and ii) after three attempts, they had to be willing to approach the food within 

5s of the owner telling the dog to take the food and then turning their back. This excluded 

dogs that that were not trained to leave food or were too cautious to approach food in a 

novel environment. Participants took part either in the eye condition or the flower 

condition.  
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Set up of Room: 

The experiment took part in a dedicated testing room (3.6 m x 3.4m). Dogs were settled on 

a dog bed opposite a cardboard barrier 3.4m away from the dog. After the owner turned their 

back, the cardboard was slid to one side by a hidden experimenter pulling a fishing line 

attached to the cardboard, revealing the  photo (see Fig.1 for set up). Two sets of ‘eyes’  

photos and ‘flower’  photos were used. 

 

Fig 1: Set up of experimental room. After the dog was settled in the room (3.4 x 3.6m), the 

owner took the dog off the lead, instructed it to either take or leave the food (depending on 

trial type) and then turned to face the wall. After the owner turned around, an experimenter 

in an adjacent room moved a cardboard barrier across, revealing a photo of either eyes or 

flowers.  

Protocol:  

Dogs took part in two trials. In both trials, the owner would give the dog a command before 

turning their back. After the owner had turned their back, the cardboard barrier was slid 

across to reveal the  photo behind it. A trial lasted until either the dog had taken the food or 

after three minutes had elapsed. At the end of each trial, the experimenter would re-enter 

the room and slide the cardboard over the photo again. Only at that point would owners be 
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asked to turn back around. The first trial was a baseline ‘Go’ trial where the owner 

encouraged the dog to take the food and the second trial was the test ‘Leave’ trial where the 

owner commanded the dog to leave the food. Owners were told to use the same release and 

leave commands as they would at home. Dogs were exposed to either a  photo of eyes or a  

photo of flowers. Ideally, dogs would have been exposed to both images. However, when 

this study was piloted with a within-study design, dogs had learnt that they could approach 

the food with impunity by the fourth trial and so the large order effects outweighed the 

benefits of increased statistical power. As such, we used a between-subjects design for this 

current study.  

Analysis:  

The latency to approach the food was recorded in both the ‘Go’ and ‘Leave’ trials. Latency 

was timed from the point that the owner gave the command until the dog had eaten the 

food. An additional coder, blind to condition, coded the approach latency for 40% of the 

sample. The high intra-class correlation (ICC=0.99) indicates excellent levels of agreement 

between coders. To analyse the data, we constructed several mixed-effects Bayesian ANOVA 

models. The factors included in these models were Trial Type (Leave vs Go), Condition (Eye 

vs Flower), and a Trial Type*Condition interaction. Due to the repeated-measures aspect of 

the design (all dogs took part in both a ‘Go’ and ‘Leave’ trial), participant was included as a 

random effect in all models. Each model was compared to a null model, which only 

contained participant as a random effect. Additionally, an analysis of effects was carried out 

to determine the inclusion BF for each individual factor. Inclusion BFs are calculated by 

comparing the fit of models containing the factor against the fit of models not containing 

that factor. BFincl>3 indicate that including a factor substantially increases model fit while 

BFincl<0.333 indicates a factor substantially decreases model fit. Each model was constructed 

with objective priors of prior width (r) =1 for fixed effects and r =0.5 for random effects.  

Additionally, in order to specifically get at our comparison of interest, we compared the 

‘Leave’ latency in both conditions after adjusting for differences in individual dogs’ approach 

speed. This adjustment was made by subtracting the ‘Go’ latency from the ‘Leave’ latency. If 

the dogs display the watching-eye effect, we would predict that the adjusted latency would 

be higher in the eyes condition than in the flowers condition. Comparisons between the 

adjusted ‘Leave’ latencies were analysed using a Bayesian independent-samples t-test. The 

prior distribution for the alternative hypothesis was a Cauchy half-distribution, centred on 

an effect size of 0, with r = 0.707. All analyses were carried out using JASP 0.10.0.0 (JASP 
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team, 2019.) This study design was pre-registered 

(http://aspredicted.org/blind.php?x=j6er8v). It should be noted that using the ‘Go’ trial as a 

baseline to adjust the dogs’ Leave latencies meant it was necessary to have the owners give 

the ‘Go’ command on the same trial. Whilst this means that it is impossible to fully 

disentangle the effect of the command on the dogs’ latency to approach food from order 

effect, we concluded that, given the extreme implausibility that dogs would approach food 

slower on a 2nd trial after being able to take it without punishment in the previous trial, this 

was a worthwhile trade-off.  

2.3 Results: 

Using Trial Type (‘Go’ trial vs ‘Leave’ trial) and Condition (Eyes condition vs Flowers 

condition) as fixed effects, and participant as a random effect, we constructed several mixed-

effects Bayesian ANOVA models. The best fitting model was the Trial Type-only model 

(Bayesian Mixed Effect model: BF=6.41x108) and including Trial Type overwhelmingly 

increases the model fit (BFincl= 6.44x108). This suggests that dogs understood the command, 

taking much longer to steal food in the ‘Leave’ trials than in the ‘Go’ trials. If dogs found the 

images of eyes more aversive in general, including condition in the model should improve 

model fit but instead including it substantially reduced model fit (BFincl=0.230). Crucially, 

including the Condition*Trial Type interaction also substantially decreased model fit 

(BFincl=0.271), suggesting that dogs in the Eyes condition did not take longer to steal food 

during ‘Leave’ trials compared to dogs in the Flower condition.  

Additionally, in order to specifically get at our comparison of interest, we compared the 

‘Leave’ latency in both conditions after adjusting for differences in individual dogs’ approach 

speed. This adjustment was made by subtracting the ‘Go’ latency from the ‘Leave’ latency. If 

the dogs display the watching-eye effect, we would predict that the adjusted latency would 

be higher in the Eyes condition than in the Flowers condition. However, when comparing 

the adjusted latencies in the ‘Leave’ trials, we continue to find substantial support for the 

null hypothesis: there was no difference (Bayesian Independent-Samples t-test, BF=0.316) in 

the adjusted latency with which the dogs in the Eye condition (x±95% CI: 70.01±19.70s) stole 

food compared to the dogs in the Flower condition (65.61±18.56s). Both sets of analyses, 

therefore, suggest that images of eyes have no effect on how quickly dogs approach 

forbidden food, despite the dogs clearly understanding the command to leave the food (Fig 

2).  

http://aspredicted.org/blind.php?x=j6er8v
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Fig 2: Dogs are sensitive to their owners’ commands but do not show the watching-

eye effect. Dogs were slower to approach the food (Bayesian Mixed Effect ANOVA: Trial 

Type BFincl=6.44X108) in the leave trials (Leave Eye trials: x±95% CI: 72.94±20.34s; Leave 

Flower trials x±95% CI: 67.97±17.49s) than in the go trials (Go Eye trials x±95% CI: 

2.93±0.723s; Go Flower trials x±95% CI: 2.36±0.507s), suggesting that they understood the 

command. However, in the leave trials, dogs in the eyes condition were no slower to 

approach the food than dogs in the flowers condition (Bayesian Mixed Effect ANOVA: Trial 

Type*Condition BFincl=0.271) and as such did not demonstrate the watching-eyes effect.  

 

2.4 Discussion: 

Our results show that dogs were no slower to approach forbidden food in the presence of 

images of eyes compared to images of flowers. Thus, unlike humans (Dear et al., 2019), but 

like chimpanzees (Nettle et al., 2013),  images of eyes do not reduce the frequency of anti-

social behaviour in dogs. This lack of effect cannot be explained simply as being the result 

of the dogs not understanding that they were forbidden from taking the food. Dogs showed 

a clear understanding of the social rule given by their owner, being substantially slower to 

take food in the ‘Leave’ trials than in the ‘Go’ trials. Furthermore, as noted in the 

introduction (section 2.1), dogs attend closely to eyes across a range of contexts. Therefore, 
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unlike in chimpanzees, this lack of effect cannot be attributed to the lack of salience of eyes 

as cues of visual attention in dogs. Additionally, this lack of effect cannot be attributed to 

dogs not recognizing photos of eyes. Dogs recognize photos of human faces (Amadei, Guo, 

Meints, & Mills, 2007; Somppi, Törnqvist, Hänninen, Krause, & Vainio, 2012) and appear to 

use similar neural mechanisms to process these images as humans (Cuaya, Hernández-

Pérez, & Concha, 2016; Guo, Meints, Hall, Hall, & Mills, 2009). Furthermore, dogs show a 

preference for attending to eyes in these photos (Somppi, Törnqvist, Hänninen, Krause, & 

Vainio, 2014) and can discriminate between faces and emotions even when presented with 

partial images of faces (Huber, Racca, Scaf, Virányi, & Range, 2013; Müller et al., 2015; Pitteri, 

Mongillo, Carnier, Marinelli, & Huber, 2014) As such, the fact that dogs do not show the 

watching-eye effect is not consistent with the risk-aversion hypothesis. Despite the fact that 

dogs show risk aversion when being watched by actual humans in similar forbidden food 

paradigms (Call et al., 2003), the presence of photos of eyes has no effect on how cautiously 

dogs approach food after being commanded to leave it. 

This suggests that the watching-eye effect cannot be explained in terms of the general 

tendency of animals to act more cautiously when being observed. Otherwise, we would 

predict that dogs in our study and chimpanzees in a previous study (Nettle et al., 2013) 

should also show the watching-eye effect. Similarly, these results suggest that the watching-

eye effect is not the result of social living, where there may be pressure to be sensitive to 

gaze to avoid competition with, and potential aggression, from dominant group members 

(Whiten & Byrne, 1988). Again, if this was the case, we would predict that dogs and 

chimpanzees, both social species, would show the watching-eye effect. Rather, while much 

work remains to be done to rule out non-adaptive explanations (Lloyd, 2015), these result 

are consistent with the hypothesis that the watching-eye effect is a by-product of 

adaptations relating to reputation and the need to avoid punishment in humans (Jensen, 

2010; Nettle et al., 2013; Vaish et al., 2017).  

Crucially, while dogs understand social rules, such as being slower to steal food when 

commanded to leave it in our study, this understanding appears to be specific to the person 

giving the rule and does not generalize to novel observers. For example, dogs are more likely 

to steal forbidden food when a novel observer replaces the person giving the command 

(Hertel et al., 2014). As such, in our study, dogs may not have generalised the social rule of 

not taking food established by their owner to other observers, and so did not react to the 

watching-eye stimulus. In contrast, generalizing a rule from a specific situation to novel 

situations is an important precursor for the development of social norms in children 
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(Rakoczy & Schmidt, 2013). Such social norms play a key role in cooperation and reputation-

management (Fehr & Schurtenberger, 2018) and following these norms is crucial to avoid 

punishment (Fehr & Fischbacher, 2004a). Therefore, a tendency to generalize social rules 

across individuals (i.e. develop social norms) as a means to avoid costly punishment (Nettle 

et al., 2013) may have created the selection pressure for the watching-eye effect. In contrast, 

dogs’ tendency to anchor social rules to specific people (Hertel et al., 2014) could be a key 

explanation as to why dogs appear to be sensitive to social rules but do not show the 

watching-eye effect. Strikingly, chimpanzees also do not generalize social rules; being no 

less likely to steal food when a third-party is watching (J. M. Engelmann, Herrmann, & 

Tomasello, 2012). While it is possible that this selection pressure lead to the evolution of 

cognitive mechanisms specific to reputation-management, it seems more plausible instead 

that humans share the same mechanisms regulating gaze sensitivity as other animals 

(Buckholtz & Marois, 2012) but that this sensitivity has been increased so that humans react 

as if being watched even when in the presence of artificial eye cues.  

Although it has been widely assumed that the watching-eye effect is evidence of the key role 

reputation-management plays in explaining the complexity of human social structures 

(Burton-Chellew et al., 2017; Milinski, 2016; Nettle et al., 2013; Rand & Nowak, 2013; Vaish et 

al., 2017), this has been left largely untested. Our findings caution against general risk 

aversion as a key driver of the watching eye effect and are consistent with the claims that 

the effect is indeed the result of adaptations relating to reputation-management. However, 

there are some limitations that mean that these findings should be considered a starting 

point for exploring the watching-eye effect in other animals rather than a definite 

conclusion.  

Firstly, by having their owners either tell the dog to take or leave food, we tested dogs in 

analogous situation to previous studies where humans had to decide to conform to either 

explicit (Burnham & Hare, 2007; Haley & Fessler, 2005; Oda et al., 2011; Rigdon et al., 2009) 

or implicit (Bateson et al., 2013, 2006; Ekström, 2011; Ernest-Jones et al., 2011; Krupka & 

Croson, 2016) social rules while in the presence or absence of eye cues. Although this is a 

crucial first step, it is possible that the command from the owners essentially over-powered 

any effect of the images. Repeating this experiment but without any commands from the 

owner would be an excellent way to test whether dogs show sensitivity to images of eyes in 

the absence of instruction. Similarly, while dogs appear to be sensitive to photos of eyes in 

general, it is possible that this sensitivity simply does not extend to gaze aversion. Many of 

the studies (Dear et al., 2019; Northover et al., 2017) on the watching-eye effect have taken 
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place in WEIRD human populations (Henrich, Heine, & Norenzayan, 2010), where 

participants are regularly exposed to watching humans interacting on screens in TV 

programmes and movies. It is possible that this exposure to humans on a screen is what 

drives the watching-eye effect rather than innate adaptations relating to reputation 

management. Cross-culture studies comparing the likelihood of populations showing the 

watching-eye effect and their exposure to screens would be an ideal way to test between 

these explanations.  

Secondly, the ontogeny of the watching-eye effect in humans remains underexplored and 

this makes it more difficult to assess the role of the development of social norm sensitivity 

in producing the watching-eye effect. Two studies have found no evidence for the watching-

eye effect in children (Fujii, Takagishi, Koizumi, & Okada, 2015; Vogt, Efferson, Berger, & 

Fehr, 2015). However, a third study, which used real photos of eyes rather than stylized 

images and primed children with the test stimuli prior to the experiment, did find evidence 

of the watching-eye effect in pre-schoolers (Kelsey, Grossmann, & Vaish, 2018). As well 

leaving the picture of the ontogeny of the watching-eye effect unclear, these results leave 

open the possibility that while dogs may show the watching-eye effect under a modified 

experimental paradigm even if they do not show it with the standard procedure. While we 

used photos rather than stylized pictures of our stimuli, testing dogs after prior exposure to 

the test stimulus is an important next step in light of the children studies.  

 Finally, while it has been assumed that the watching-eye effect is unique to human (Izuma, 

2012; Milinski, 2016; Vaish et al., 2017), there has been a paucity of research into the 

watching-eye effect outside of humans. This lack of cross-species comparisons has 

hampered abilities to draw conclusions about the specificity of the watching-eye effect. 

Testing for the watching-eye effect in animals, such as cleaner wrasse, which engage in 

rudimentary reputation management through techniques such as image scoring (Bshary & 

Grutter, 2006), would be a useful way to determine whether this effect is indeed unique to 

humans or whether it also generalizes to other animals which engage in more basic forms 

of reputation-management.. 

In conclusions, our findings are strong evidence that dogs, despite being highly sensitive to 

human eyes, do not show the watching-eye effect in a testing paradigm analogous to the 

standard paradigm used to investigate the watching eye effect in humans. Alongside 

previous research in chimpanzees (Nettle et al., 2013), our findings suggest that the 

watching-eye effect cannot be explained in terms of the general gaze aversion found across 



24 
 

the animal kingdom (Davidson & Clayton, 2016). However, further research is required to 

explore whether the watching-eye effect can be found under alternative testing conditions 

and with a wider range of species before any conclusion can be strongly drawn that the 

watching-eye effect is a human-specific phenomenon related to reputation-management.  
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Chapter Three 

Dogs do not respond to scaffolding behaviour in an A-not-B task: evidence 

that natural pedagogy is an innate species-specific adaptation in humans2 

3.1 Introduction 

Patiently waiting your turn, flexibly switching between two different tasks, and being able 

to learn a novel approach to solving an old problem; all these behaviours rely heavily on 

executive function, otherwise known as executive control. Executive functions are an 

important suite of cognitive mechanisms that are central to regulating behaviour and are 

crucial for problem-solving and task-completion (Diamond, 2013). Executive function takes 

many years to develop (Diamond, 2006) and there can be substantial individual differences 

in children’s performance in executive function tasks (Miyake & Friedman, 2012). In humans, 

executive functions appear to be closely associated with the prefrontal cortex (PFC) (Zelazo, 

Carlson, & Kesek, 2008). Similarly, the ability to flexibly regulate and control behaviour in 

other mammals appears to be mediated by the PFC (Domenech & Koechlin, 2015; Koechlin 

& Summerfield, 2007; E. K. Miller & Cohen, 2001) and homologous regions of the brain in 

birds (Rose & Colombo, 2005), suggesting that executive function has deep evolutionary 

roots. 

In humans, given that strong executive function ability correlates with stronger performance 

in school (Borella, Carretti, & Pelegrina, 2010; Gathercole, Pickering, Knight, & Stegmann, 

2004), better health outcomes (Crescioni et al., 2011; H. V. Miller, Barnes, & Beaver, 2011; 

Riggs, Spruijt-Metz, Sakuma, Chou, & Pentz, 2010), and reductions in anti-social behaviour 

(Denson, Pedersen, Friese, Hahm, & Roberts, 2011) amongst many other benefits (Diamond, 

2013), there has been much interest in what factors may predict better executive control. 

While early research emphasized the importance of genetic influences on individual 

differences in executive function (Friedman et al., 2008), more recent research has 

recognized the impact that the socio-cultural environment can have on executive function 

development, particularly the social interactions between young children and adults such as 

their parents and teachers (Fay-Stammbach, Hawes, & Meredith, 2014). When interacting 

with children while they are completing a task or solving a problem, parents and teachers 

 
2 Based on the manuscript “Dogs do not respond to scaffolding behaviour in an A-not-B task: evidence that 
natural pedagogy is an innate species-specific adaptation in humans” under review at Nature Scientific 
Reports 
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often exhibit a range of scaffolding behaviours. These behaviours, such as directing the 

child’s attention to salient parts of the task, encouraging them if they are on the right track, 

and redirecting their attention if they are on the wrong track, are a form of “autonomy 

support” (Bernier et al., 2010; Hammond et al., 2012). Such behaviour enable children to 

better solve problems by themselves, and include both verbal and non-verbal actions (Fay-

Stammbach et al., 2014). For example, when young children have had experience of 

retrieving an object from location A several times and this object is subsequently removed 

from location A and placed at location B, they struggle to inhibit their learned response to 

search at location A (Marcovitch & Zelazo, 2009). However, in A-not-B tasks where an 

experimenter points at location B before allowing the participant to search for the object, 

children are less likely to commit this perseveration error (S. E. Miller & Marcovitch, 2011). 

Such scaffolding appears to play a key role in the development of executive function as the 

extent to which parents engage in both verbal and non-verbal scaffolding behaviour predicts 

children’s degree of future executive control and their competency in skills such as maths 

and language (Bernier et al., 2010; Conway & Stifter, 2012; Hammond et al., 2012; Hopkins et 

al., 2013; Hughes & Ensor, 2009; Matte-Gagné & Bernier, 2011; Roskam et al., 2014; Valcan et 

al., 2018). 

While, there is robust evidence that scaffolding improves both children’s executive function 

and learning outcomes, there is still considerable debate regarding the mechanisms 

underpinning scaffolding behaviour (Mermelshtine, 2017). Attentional accounts suggest 

that the main role of scaffolding behaviour is to help children overcome attentional inertia 

(Kirkham et al., 2003) and focus on relevant parts of the task. In these accounts, successful 

responding to scaffolding only requires a redirection of attention (S. E. Miller & Marcovitch, 

2011) and thus even simple social learning mechanisms such as social facilitation or stimulus 

enhancement (Galef, 2012) may be sufficient to respond successfully to scaffolding 

behaviour. In contrast, natural pedagogy theory argues that human infants are uniquely 

adapted to interpret ostensive-communication cues as informative from a young age 

(Csibra, 2010; Csibra & Gergely, 2009, 2011; Király, Csibra, & Gergely, 2013). That is, rather 

than ostensive-communication cues merely eliciting the infants’ attention, infants have an 

expectation that these cues will provide relevant and generalizable information (Gergely, 

Egyed, & Király, 2007; Yoon, Johnson, & Csibra, 2008) that refers to a specific object or 

location (Csibra & Volein, 2008; Gliga & Csibra, 2009; Moll & Tomasello, 2004).  

Dogs are an ideal species to test between the attentional accounts and the natural pedagogy 

accounts of scaffolding behaviour. Dogs are capable of learning socially via social facilitation 
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(Christiansen, Bakken, & Braastad, 2001) and stimulus enhancement (Kubinyi, Miklósi, 

Topál, & Csányi, 2003), as well as more complex mechanisms such as imitation (H. C. Miller, 

Rayburn-Reeves, & Zentall, 2009; Topál, Byrne, Miklósi, & Csányi, 2006) and similarly to 

humans, appear to be sensitive to ostensive-communication cues (Kaminski et al., 2012; 

Téglás et al., 2012). However, there appears to be stark contrasts in how infants and dogs 

interpret these gestures. For infants, such gestures are declarative: a means with which to 

convey information about the world (Tomasello & Carpenter, 2007; Tomasello, Carpenter, 

Call, Behne, & Moll, 2005). Correspondingly, infants use pointing gestures to both share 

(Liszkowski et al., 2006) and obtain (Kovács et al., 2014) information from an early age and 

prioritize ostensive-communication cues (Topál et al., 2008) to the extent that they will 

reorganize their own knowledge on the assumption that such cues signal meaningful 

information (Butler & Markman, 2014). In contrast, dogs appear to interpret ostensive-

communication cues as a means to either request (Kaminski et al., 2011) or command 

(Scheider et al., 2013) but show little evidence of interpreting such cues as truly informative 

(Marshall-Pescini, Passalacqua, Miletto Petrazzini, Valsecchi, & Prato-Previde, 2012; 

Scheider et al., 2013; Tauzin, Csík, Kis, & Topál, 2015). Instead, dogs appear to view such cues 

as being lightly imperative (Scheider et al., 2013): following these cues in novel contexts but 

tending to prioritize their own prior experience (Pongrácz, Miklósi, Kubinyi, Topál, & 

Csányi, 2003; Scheider, Grassmann, Kaminski, & Tomasello, 2011). Therefore, if scaffolding 

functions by simply re-directing infant attention, we would predict that scaffolding 

behaviour should lead to a similar improvement in dogs’ performance in an inhibitory 

control task due to their sensitivity to human ostensive-communication cues. However, if 

infants’ response to scaffolding behaviour is built upon a uniquely human expectation that 

ostensive-communication cues are consistently and meaningfully informative, we would 

predict that scaffolding should not improve dogs’ performance in an inhibitory control task.  

We tested how dogs respond to scaffolding behaviour by presenting them with an executive 

function problem, the A-not-B barrier task (Osthaus et al., 2010). In this task dogs are 

presented with a barrier with a gap at one end and food on the other side. After having four 

trials to learn to go through the gap in order to obtain the food, dogs are presented with four 

test trials where the barrier is slid across so that the gap is now on the opposite side. In order 

to retrieve the reward, the dogs must inhibit their learnt response to approach the original 

gap, and instead approach the new gap. However, both dogs (Osthaus et al., 2010) and 

children (McKenzie & Bigelow, 1986) have a tendency to initially move towards the original 

gap, and so exhibit a perseveration error. In order to investigate whether scaffolding 
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behaviour improves dogs’ performance in an executive function task, we had dogs take part 

in either a control condition or one of two scaffolding conditions. In the control condition, 

dog took part in four control trials where they received no scaffolding behaviour. In the 

pointing condition, dogs took part in four pointing trials where an experimenter pointed 

towards the new gap before the dog was released, and finally, in the demonstration trials, 

dogs took part in four demonstration trials where the experimenter walked through the new 

gap before the dog was released. Such behaviour are forms of scaffolding behaviour as the 

experimenter uses ostensive-communication cues to gain the dogs attention before 

directing that attention towards salient parts to the task, either through pointing or 

demonstrating the route. If dogs are sensitive to scaffolding behaviour, we predict that dogs 

in the control condition would be substantially more likely to show the perseveration error 

than dogs in either the pointing or demonstration conditions. 

3.2 Material & Methods: 

Ethics Statement: 

The present study was approved by the University of Auckland Animal Ethics Committee 

R001826 and the University of Auckland Human Ethics Committee R018410. Dogs were 

recruited through owners’ responses to online applications. Written informed consent for 

participating in this study was obtained from the owners. 

Participants: 

A total of 30 dogs were recruited, with ten dogs in each condition. To determine sample size, 

we used a Bayesian stopping rule where we collected data until we had at least 10 dogs in 

each condition and Bayes Factors of >3 or <0.333 in our contingency tests. All dogs were pet 

dogs (aged 2-10 years old) which were accompanied to the lab by their owners.  

Experimental Set-up: 

The experiment took place in a 3.6m x 3.4m testing room. A 2.9m barrier was placed across 

the middle of the room, with a 0.5m gap between either the left or right end of the barrier 

(gap A) and the wall. The side of the original gap was counterbalanced across dogs (see Fig 

3 for set up.) 
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Fig 3: Set up of experimental room. The subject was placed on the starting position 

opposite the experimenter. In the learning trials, the experimenter would get the dog’s 

attention, show it the treat, place the treat in a bowl, and place the bowl on the target. After 

the experimenter gave the release command, the owner would release the dog and the dog 

would have enter through the gap in the barrier to reach the treat. The test trials were the 

same as the learning trials, but the gap was moved to the other side. The experimental 

procedure was the same except that in the scaffolding conditions, the experimenter would 

either point to the gap or demonstrate the route before giving the release command.  

Protocol 

Dogs took part in four initial learning trials. Using the same approach as previous research 

(Osthaus et al., 2010), the experimenter entered the room first and positioned themselves in 

the middle of the room, directly behind the barrier. The dog was then positioned on a mark 

opposite the experimenter, 1.6m away from the barrier. After the dog was settled and facing 

the experimenter, the experimenter would show the dog a treat before placing it in a bowl 

and putting the bowl on the ground on the experimenter’s side of the barrier. Once the bowl 

was placed on the ground, the experimenter called the dog’s name and gave the release 

command “ok, go!”. After the dog was released, the trial ended after the dog. Dogs received 

four learning trials before moving onto the test trials. 

Dogs took part in four test trials in one of three conditions. In all conditions, the barrier 

would be slid across the room so that the gap was now at the opposite end of the barrier 

(gap B). In all conditions, the dog would be brought back into the testing room and 

positioned on the mark as before. In the Control condition, the test trials were carried out 
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in the same manner as the learning trials. In the Pointing condition, the experimenter would 

bait the bowl as before but after placing the bowl on the ground, the experimenter would 

call the dog’s name, look it in the eyes, point to the new gap, and then call the dog’s name 

again whilst alternating their gaze between the gap and the dog. After calling the dog’s 

name, the experimenter gave the release cue as in the learning trials and maintained the 

pointing gesture until the dog had retrieved the reward. In the Demonstration condition, 

the dog would enter the room and be placed on the mark as before, but the experimenter 

would be standing, opposite gap B, on the same side of the barrier as the dog. Once the dog 

was settled, the experimenter would show the dog the treat, call its name and make eye 

contact with the dog twice. Once the dog was attending to the experimenter, the 

experimenter would walk through the new gap to their original position facing the dog. 

Afterwards, the experimenter would place the food down and give the release cue as in the 

leaving trials. 

Analysis 

The initial movement that the dogs made was coded (either towards the original location of 

gap A or the new gap B). Bayesian binomial tests were used to determine whether dogs were 

more likely than chance to commit the perseveration error and move towards the original 

location of gap A in each condition, and Bayesian contingency tests were used to test 

whether the number of dogs committing the perseveration error differed between the 

Control condition and the two scaffolding conditions. Bayes Factors >3 indicate substantial 

support for the alternative hypothesis, while Bayes Factors <0.333 indicate substantial 

support for the null hypothesis. As dogs tend to show learning effect over the course of 

detour trials (Kabadayi, Bobrowicz, & Osvath, 2018), we primarily focused on dogs’ 

performance in the first trial for our analyses. The Bayesian binomials had Beta priors of 1 

for both parameter a and parameter b. The Bayesian contingency test was an independent 

multinomial with rows fixed and had a prior concentration of 1. All analyses were carried out 

in Jasp 0.10 (Jasp Team, 2019). 

3.3 Results: 

Dogs in all three conditions were substantially more likely than chance to commit the 

perseveration error on the first trial (Control Condition: 9/10 dogs Bayesian Binomial test: 

BF=18.5; Pointing Condition: 9/10 dogs, Bayesian Binomial test: BF=18.5; Demonstration 

Condition: 9/10 dogs, Bayesian Binomial test: BF=18.5; Fig 3) and whether the experimenter 

engaged in scaffolding behaviour or not had no effect on how likely the dogs were to initially 
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move toward gap A (Pointing vs Control Bayesian contingency test: BF=0.329; 

Demonstration vs Control Bayesian contingency test: BF=0.329). 

Across all four trials (Fig 1), the 10 dogs in each condition were substantially less likely than 

chance to commit the perseveration error (Control Condition: 11/40 trials, Bayesian Binomial 

Test: BF=0.050; Pointing Condition: 10/40 trials, Bayesian Binomial Test: BF=0.046; 

Demonstration Condition: 13/40 trials, Bayesian Binomial Test: BF=0.061), suggesting that, 

over the course of the test trials, the dogs learnt to inhibit their initial response to move 

towards the original gap’s location. Dogs in either the Pointing (Pointing vs Control Bayesian 

contingency test: BF=0.299) or Demonstration conditions (Demonstration vs Control 

Bayesian contingency test: BF=0.176) were no less likely to commit the perseveration error 

than dogs in the Control condition. As such, the scaffolding behaviour directed towards the 

dogs appeared to have no effect on whether they initially showed the perseveration error on 

the first trial or how likely they were to learn to avoid making the error across all four trials.  

 

 

 

Fig 4: Dogs were equally likely to commit the perseveration error on the first trial 

and as likely to learn to avoid committing it over all four trials. Each separate block 

represents a condition (with 10 dogs in each condition.) Each row represents an individual 

dog and each column represents an individual trial. 9/10 dogs in each condition showed the 

perseveration error on the first trial. 
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3.4 Discussion: 

Our results demonstrate that scaffolding behaviour such as pointing to a gap or 

demonstrating a route had no effect on how likely dogs were to commit the perseveration 

error in an A-not-B detour task. These results cannot be explained in terms of a floor effect, 

where there is no difference between the conditions simply because the task was too difficult 

for the dogs to solve regardless of human intervention. Firstly, dogs clearly understood the 

contingencies of the task as, in the learning phase, all subjects were readily approaching the 

treat through the original gap by trial four. Secondly, in the test trials, all dogs were 

successfully inhibiting the learned response to approach the original location of gap A by 

the final trial. Similarly, a ceiling effect, where there was no difference between conditions 

because the task was too easy for the dogs, also cannot account for this result. Across all 

three conditions, dogs were substantially more likely than chance to commit the 

perseveration error on the first trial, suggesting that inhibiting the initial movement towards 

the original gap was challenging for the dogs. Furthermore, dogs’ failure to use the actions 

of the experimenter to improve performance in the pointing and demonstration conditions 

does not appear to be attributable to a lack of sensitivity to these actions. Past research has 

shown that dogs are highly sensitive to pointing gestures from humans (Kirchhofer et al., 

2012; Miklósi & Soproni, 2006; Soproni, Miklósi, Topál, & Csányi, 2002), including when 

humans point towards locations rather than objects (Scheider et al., 2011), and are able to 

learn from the routes taken by humans to solve detour tasks (Pongrácz et al., 2001; Pongrácz, 

Miklósi, Vida, & Csányi, 2005). Therefore, our results strongly suggest that, despite 

sensitivity to referential communication from humans (Kaminski et al., 2012; Téglás et al., 

2012), dogs do not respond to scaffolding behaviour by showing better inhibitory control in 

an A-not-B detour task.  

Dog’s lack of sensitivity to an experimenter’s scaffolding behaviour in this current study 

contrasts sharply with the improvement in children’s performance in an A-not-B task after 

an experimenter points at the correct location (S. E. Miller & Marcovitch, 2011). This 

difference in responsiveness may appear surprising, considering that simple social learning 

mechanisms such as social facilitation or stimulus enhancement seem to be sufficient to 

explain the effectiveness of scaffolding behaviour. However, our results suggest that 

responding to scaffolding takes more than simple social learning mechanisms and a 

sensitivity to ostensive-communicative cues. In humans, this scaffolding behaviour is 
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embedded within a context where infants have an expectation that these cues will provide 

relevant and generalizable information (Gergely et al., 2007; Yoon et al., 2008) that refers to 

a specific object or location (Csibra & Volein, 2008; Gliga & Csibra, 2009; Moll & Tomasello, 

2004). Without that expectation (Kaminski et al., 2011), it seems dogs’ personal experience 

of having previously completed the task in the learning trials resulted in the dogs regarding 

the experimenter’s ostensive-communication gestures as not relevant, leading to the dogs 

not attending to the salient part of the task and thus being less able to inhibit their learned 

response to approach the original location of the gap.  

In sum, while it has been suggested that children’s attentiveness to ostensive-

communication cues is merely the by-product of general social learning mechanisms and 

children’s particular socio-cultural environment (Gredebäck et al., 2018; Heyes, 2016b; 

Skerry, Lambert, Powell, & Mcauliffe, 2013), our results support the claim made by natural 

pedagogy theory, that children’s responsiveness to ostensive-communication cues is an 

innate, species-specific adaptation (Csibra & Gergely, 2009, 2011). These natural pedagogy 

adaptations do not only help with the learning of complex information but also play a role 

in the development of executive function in young children.   
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Chapter Four 

Contagious yawning is not a signal of empathy: no evidence of familiarity, 

gender, or prosociality biases in dogs3 

4.1 Introduction:  

Empathy, broadly defined as emotional and mental sensitivity to another’s state (de Waal & 

Preston, 2017), appears to play a key role in humans’ prosocial and cooperative behaviour 

(Batson, Duncan, Ackerman, Buckley, & Birch, 1981; Eisenberg & Miller, 1987; Morelli, 

Rameson, & Lieberman, 2014). While there are many aspects of empathy, all empathetic 

responses are ultimately predicated upon an observer having some form of access to another 

individual’s emotional state (de Waal & Preston, 2017). Perception-action mechanism 

accounts argue that this access is granted by state-matching: when an observer perceives a 

particular state in another individual, neural representations of that state are activated in 

the observer; resulting in the experience of a similar state (de Waal, 2008; de Waal & Preston, 

2017; Preston & de Waal, 2002). It has been suggested that this perception-action mechanism 

evolved early in mammals (de Waal, 2008; de Waal & Preston, 2017; Preston & de Waal, 

2002) and underpins the helping behaviour seen in many non-human mammals (Church, 

1959; Custance & Mayer, 2012; de Waal & van Roosmalen, 1979; Langford et al., 2006; 

Masserman, Wechkin, & Terris, 1964; Quervel-Chaumette et al., 2016; Sanford et al., 2018; 

Wechkin, Masserman, & Terris, 1964). However, it is difficult to rule out simpler 

explanations for helping behaviour that do not require empathy, such as associative learning 

(Custance & Mayer, 2012; Vasconcelos et al., 2012) or alternative motivations such as a desire 

to seek social contact (Hachiga et al., 2018; Schwartz et al., 2017; Silberberg et al., 2014) or 

explore novel objects (Ueno et al., 2019). 

Contagious yawning has emerged as a potentially powerful tool to help resolve this impasse. 

Contagious yawning occurs when observing another individual yawn induces yawning in the 

observer (Guggisberg et al., 2010). The contagious yawning-empathy hypothesis posits that 

both contagious yawning and empathy are mediated by the same perception-action 

mechanism (de Waal, 2008; de Waal & Preston, 2017; Norscia & Palagi, 2011; Platek et al., 

2003, 2005). Several strands of evidence supporting this hypothesis can be found in humans. 

Firstly, sub-populations reporting lower levels of empathy, such as children with ASD (A. 

 
3 Based upon the paper: Neilands et al, 2020 “Contagious yawning is not a signal of empathy: no evidence 
of familiarity, gender, or prosociality biases in dogs” Proceedings of the Royal Society B, 280: 20192236 
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Senju et al., 2007) or adults who score highly in psychopathic traits (Rundle, Vaughn, & 

Stanford, 2015), are less likely to engage in contagious yawning. Secondly, both empathy and 

contagious yawning appear to share a familiarity bias: people experience more empathy for 

friends and family than strangers and are more likely to contagiously yawn when familiar 

people yawn (Norscia & Palagi, 2011). Finally, there is some evidence of a gender bias, with 

men both reporting lower levels of empathy (Christov-Moore et al., 2014) and being less 

likely to contagiously yawn than women (Norscia et al., 2016).  

Based on this evidence from humans, it has been suggested that the widespread presence of 

contagious yawning across mammals demonstrates that the perception-action mechanism 

underpinning empathy is phylogenetically ancient and thus that the helping behaviours 

seen in mammals are driven by at least a rudimentary form of empathy (de Waal & Preston, 

2017; Demuru & Palagi, 2012; Romero et al., 2013). This conclusion rests on two key premises. 

First, it assumes that contagious yawning is indeed widespread across mammals. Second, it 

assumes that contagious yawning in animals is underpinned by the same cognitive 

mechanisms as contagious yawning in humans. However, there is currently a lack of robust 

evidence for either of these assumptions (Massen & Gallup, 2017).  

Firstly, there is a lack of conclusive evidence that contagious yawning is widespread across 

mammals. Chimpanzees are the only species to have consistently shown contagious yawning 

across multiple studies (Amici, Aureli, & Call, 2014; Anderson, Myowa-Yamakoshi, & 

Matsuzawa, 2004; Campbell, Carter, Proctor, Eisenberg, & De Waal, 2009; Campbell & Cox, 

2019; Campbell & de Waal, 2011, 2014; Madsen, Persson, Sayehli, Lenninger, & Sonesson, 2013; 

Massen, Vermunt, & Sterck, 2012). When several studies have been carried out on other 

species, such as with bonobos (Amici et al., 2014; Demuru & Palagi, 2012; Palagi, Norscia, & 

Demuru, 2014; J. M. . Stevens, Daem, & Verspeek, 2017; Tan, Ariely, & Hare, 2017) and dogs 

(Buttner & Strasser, 2014; Harr et al., 2009; Joly-Mascheroni et al., 2008; Madsen & Persson, 

2013; O’Hara & Reeve, 2011; Romero et al., 2013; Silva et al., 2012), a consistent pattern of 

evidence for the presence or absence of contagious yawning has not been found. This lack 

of consistency in replication brings into question claims for contagious yawning in other 

species that are based on a single study (Amici et al., 2014; Baenninger, 1987; Buttner & 

Strasser, 2014; Demuru & Palagi, 2012; Deputte, 1994; Harr et al., 2009; Joly-Mascheroni et 

al., 2008; Madsen & Persson, 2013; Massen, Šlipogor, & Gallup, 2016; Moyaho, Rivas-

Zamudio, Ugarte, Eguibar, & Valencia, 2015; O’Hara & Reeve, 2011; Palagi, Leone, Mancini, & 

Ferrari, 2009; Palagi et al., 2014; Paukner & Anderson, 2006; Reddy, Krupenye, Maclean, & 

Hare, 2016; Romero, Ito, Saito, & Hasegawa, 2014; Romero et al., 2013; Rossman et al., 2017; 
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Silva et al., 2012; J. M. . Stevens et al., 2017; Yonezawa, Sato, Uchida, Matsuki, & Yamazaki, 

2017), particularly when many of these studies have relied on small sample sizes (J. R. 

Stevens, 2017). As such, it is difficult to say with certainty that there is evidence for 

contagious yawning in non-human mammals outside of chimpanzees, let alone discern the 

phylogenetic pattern of contagious yawning across all mammals.   

Secondly, contagious yawning may not be mediated by the same cognitive mechanisms as 

in humans. Contagious yawning in animals may be the result of stress (Buttner & Strasser, 

2014; Paukner & Anderson, 2006), an affiliation strategy (Yoon & Tennie, 2010), or a means 

of communication (Moyaho et al., 2015), rather than being related to empathy via a 

perception-action mechanism. One possible way to test between these hypotheses is to 

examine if the patterns of behaviour around humans’ contagious yawning and empathy, 

such as the familiarity bias and the gender bias, are also seen in animals. Such biases can be 

thought of as signatures; behaviour that should be seen if contagious yawning is mediated 

by a perception-action mechanism but not if it is mediated by another cognitive mechanism 

(Taylor, 2014). Evidence for the familiarity bias has been found in studies on chimpanzees 

(Campbell & de Waal, 2011, 2014), dogs (Romero et al., 2014; Silva et al., 2012), bonobos 

(Demuru & Palagi, 2012), gelada baboons (Palagi et al., 2009), and wolves (Romero et al., 

2014), but other studies on chimpanzees (Madsen et al., 2013; Massen et al., 2012) and dogs 

(Madsen & Persson, 2013; O’Hara & Reeve, 2011) have not found evidence for this bias, and 

one study on rats has even found the opposite pattern (Moyaho et al., 2015). In terms of the 

gender bias, there is currently no consistent support for the prediction that females are more 

likely to contagiously yawn than males across mammals (Massen & Gallup, 2017). Instead of 

females being more likely to engage in contagious yawning, there appears to be some 

evidence of an interaction between the gender of the observed yawner and the subject, but 

this pattern is not consistent. Bonobos yawn more when an individual of the opposite gender 

yawns and yawn more in general when the observed yawner is female (Demuru & Palagi, 

2012). Female geladas also are more likely to engage in contagious yawning than males but 

only when the observed yawner is female (Palagi et al., 2009). In contrast, in chimpanzees, 

male yawning is more contagious for other males than female yawning is for other females 

(Massen et al., 2012), while there is no evidence of any gender bias in dogs (Romero et al., 

2013). As such, there is currently no conclusive evidence for either signature across 

mammals, which brings into question whether contagious yawning is mediated by the same 

mechanisms underpinning contagious yawning in humans.  
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Here, we tested if contagious yawning is mediated by empathy in dogs by re-analysing past 

data and also employing a novel experimental paradigm. First, we established that there is 

robust evidence for contagious yawning outside of chimpanzees and humans by conducting 

a Bayesian multi-level reanalysis of a combined dataset from six studies of contagious 

yawning in dogs. We then examined our combined dataset for evidence of the familiarity 

bias and the gender bias. Finally, we ran a study to search for a novel signature predicted by 

the contagious yawning-empathy hypothesis: the prosociality bias. In humans, empathy is 

modulated by social experience: people experience greater empathy for people who interact 

with them in a fair or prosocial manner (Bernhardt & Singer, 2012; Singer et al., 2006). 

Similarly, dogs show a preference for those who interact with them in a positive manner 

rather than a negative manner (Nitzschner et al., 2012). Therefore, we carried out an 

experiment to test whether dogs show a prosociality bias (i.e. yawn more when in the 

presence of a human who has been nice to them rather than one who has ignored them). 

We predicted that, if contagious yawning is mediated by empathic processes in dogs, we 

would find evidence for the familiarity, gender, and prosociality biases in our study.  

4.2 Materials & Methods 

Reanalysis: 

The aim of this reanalysis was to answer three questions relating to the contagious yawning-

empathy hypothesis. Firstly, do dogs show contagious yawning? Secondly, if dogs do 

contagiously yawn, do they demonstrate a familiarity bias or gender bias as predicted by the 

contagious yawning-empathy hypothesis? Thirdly, do any aspects of study design affect how 

likely dogs are to show contagious yawning? As the only non-primate species of mammal 

where contagious yawning has been studied multiple times, dogs are an ideal species to 

determine whether there is robust evidence for contagious yawning outside of chimpanzees 

and humans. Unfortunately the methodological and analytical differences between these 

studies (Campbell & de Waal, 2010; Romero et al., 2013) limits the use of traditional meta-

analytic techniques to assess the totality of the evidence (Borenstein, Hedges, Higgins, & 

Rothstein, 2009). Therefore, to explore these three questions, we constructed a database 

containing all the trials from six studies (Buttner & Strasser, 2014; Joly-Mascheroni et al., 

2008; Madsen & Persson, 2013; O’Hara & Reeve, 2011; Romero et al., 2013; Silva et al., 2012) of 

contagious yawning in dogs and conducted a Bayesian multi-level analysis on the resulting 

dataset. Unfortunately, the original dataset of the seventh study was not available for 
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reanalysis (Harr et al., 2009). Despite this, the available dataset of 257 dogs is the largest 

database constructed for investigating contagious yawning.  

In this analysis, the dependent variable of interest was the number of recorded yawns. To 

model this dependent variable, we conducted multi-level zero-inflated Poisson models with 

random intercepts for subjects nested within studies. Such zero-inflated Poisson models are 

ideal for modelling count data with a high number for zeros. We also included an exposure 

offset to account for the fact that subjects were exposed to demonstrators for differing 

lengths of time across studies. We used regularizing and weakly informative priors (Bürkner, 

2017; McElreath, 2018). Our prior choice was based on the objective approach, which aims 

to make as few assumptions about the data as possible (Rouder, Speckman, Sun, Morey, & 

Iverson, 2009; Wagenmakers et al., 2018). 

Model construction and comparison occurred in two phases. Firstly, we constructed a null 

(intercept-only) model, a Condition-only model, a Familiarity-only model, a 

Condition+Familiarity model, a Condition*Familiarity model, a Gender-only model, a 

Condition+Gender model, and a Condition*Gender model. The Condition factor had two 

levels: a yawning level where participants were exposed to a demonstrator yawning and a 

control level where the participants were exposed to a demonstrator either gaping or making 

a non-yawning sound. The Familiarity factor also had two levels: a familiar level where the 

dog’s owner was the demonstrator and an unfamiliar level where an unknown experimenter 

was the demonstrator. Finally, the Gender factor had two levels: whether the dog was male 

or female. Condition was included as a random slope grouped by subjects nested within 

studies, as each study followed a within-subjects design, and familiarity and gender were 

included as fixed effects. These models were used to test whether dogs exhibited contagious 

yawning and, if so, whether this contagious yawning was affected by the familiarity of the 

demonstrator or the gender of the dogs. Secondly, after determining that the Condition-

only model was the most parsimonious model, we compared the Condition-only model to 

models including one of four study design aspects as fixed effects as well as a full model 

including all these factors. The four study design aspects were presentation type (whether 

the dogs were presented with visual and auditory demonstrations or just auditory 

demonstrations), demonstrator type (whether dogs saw a live or recorded demonstration), 

demonstrator species (whether the demonstrator was a human or dog), and observer type 

(whether the subject was a pet or shelter dog). These models were used to determine 

whether the effect of condition persisted after controlling for various aspects of study design. 
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This allowed us to assess whether study design had an effect on the dogs’ propensity to 

contagiously yawn. 

Rather than engage in null-hypothesis testing, we focused on model estimation in order to 

assess the evidence for contagious yawning-empathy hypothesis in dogs (Kruschke & 

Liddell, 2018). Model estimation allows for better accounting for uncertainty in our results 

and a greater focus on the size of the effect of interest and is therefore the more informative 

approach (Cumming, 2014; Kruschke & Liddell, 2018). We used two main methods for model 

estimation. Firstly, we used the Widely Applicable Information Criterion (WAIC) to 

compare models. The lower a model’s WAIC score, the better that model’s out-of-sample 

prediction (McElreath, 2018). This allows us to determine which model makes the best 

predictions. Secondly, for individual models, we directly compared different model-

estimated yawning rates by calculating posterior differences (McElreath, 2018). Directly 

comparing yawning rates allowed us to estimate the size and uncertainty of the effect.  

All statistical analyses were conducted in R v3.4.1 (R Core Team, 2018) using the brms 

package (Bürkner, 2017). Hamiltonian Monte Carlo estimation was run with Stan (Stan 

Development Team, 2018). Figures were produced with the ggplot2 package (Wickham, 

2009). Data, code, full model fits, details about prior distributions, and MCMC chain 

diagnostics are accessible at https://osf.io/c2f3k/ 

Experiment Methodology:  

Participants:  

A total of 32 dogs (17 females) were recruited for this study. All dogs were pet dogs (aged 2-

10 years old) which were accompanied to the lab by their owners.  

Protocol:  

Dogs took part in two conditions: a prosocial condition and an antisocial condition. Each 

condition consisted of an interaction phase and a yawning phase. The interaction phase was 

modified from an earlier study (Nitzschner et al., 2012) where dogs showed a preference for 

a prosocial over an antisocial experimenter. In the prosocial interaction phase, the dog and 

experimenter would enter the testing room (3.6m x 3.4m) and the experimenter would 

interact with the dog in a positive way for two minutes. Depending on the preferences of the 

dog, this interaction involved either playing with the dog or simply petting and stroking it. 

In the antisocial interaction phase, the experimenter and dog entered the same testing room 

and the experimenter walked around the room, ignoring the dog and avoiding eye contact 

https://osf.io/c2f3k/
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for two minutes. The only interaction that the experimenter had with the dog was to take 

out a piece of food and ask the dog to sit. After the dog obeyed, the experimenter ate the 

treat. This occurred a total of three times. To control for the presence of food, in the 

prosocial phase, the experimenter also stood up three times and took out a piece of food. 

After holding the food for five seconds, the experimenter ate it and resumed their positive 

interactions with the dog. 

The yawning phase was the same in both conditions. After the interaction phase, the owner 

entered the room and settled the dog on a dog bed and the experimenter sat opposite the 

dog, leaving a 1.5m gap between them. After the dog settled, the experimenter began to 

yawn. Each yawn consisted of the experimenter calling the dog’s name and then yawning by 

stretching their hands above their heads and making an audible yawn. Yawns were repeated 

every 30 seconds for five minutes. A tone was played through headphones to the 

experimenter to ensure that experimenters were consistent in the number of yawns they 

produced.  

The dog took part in both conditions in the same session with an approximately 10-minute 

break between each condition. The order in which the prosocial and antisocial conditions 

were presented, as well as which experimenter was prosocial or antisocial, was 

counterbalanced across dogs.  

Data Analysis: 

The number of times that the dogs yawned was coded by an experimenter blind to condition. 

A yawn was coded when a dog opened their mouth and inhaled, followed by a brief period 

of apnea where the mouth remained open before the dog exhaled (Guggisberg et al., 2010). 

Using the same zero-inflated Poisson multi-level models as in the previous analyses, we 

constructed a null (intercept-only) model, a Sociality-only model (prosocial demonstrator 

vs antisocial demonstrator), a Trial-only model (first vs second trial), a Sociality+Trial 

model, and a Sociality*Trial model. Similarly to the previous analysis, we used WAIC 

comparison to determine which models would best predict out-of-sample data. For 

individual models, we looked at the posterior differences between conditions.  

4.3 Results:  

Dogs contagiously yawn and this effect is robust to variation in study design. 

WAIC comparison suggests that the Condition-only model outperforms the null model 

(WAIC difference ± 95% credible interval = -69.58 ± 28.22). The Condition-only model 
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provides additional support for an effect of condition of yawning rate (results are 

qualitatively similar regardless of model chosen). The model-estimated median yawning 

rate in the yawning condition (0.17 yawns per minute) is roughly double the model-

estimated median yawning rate in the control condition (0.07 yawns per minute; Fig. 4a). 

To formally compare these conditions, we calculated the proportion of the posterior 

difference mass above zero, which is the proportion of MCMC samples in our posterior 

distribution where the yawning rate is higher in the yawning condition than the control 

condition (positive posterior mass; PPM; see Fig 4a inset). As predicted, for the large 

majority of MCMC samples, the yawning rate is greater in the yawning condition than in the 

control condition (PPM=0.95). The random intercept and slope in this model also allowed 

us to repeat this comparison for each individual study (Fig 4b). For five of the six studies, 

the PPM is high (PPM>0.98) with only one study failing to cluster with the other studies 

(PPM=0.49). This suggests that our conclusions are not being unduly driven by any single 

study in our sample. Taken together, model comparison and estimation suggest that 

contagious yawning is present in dogs. 
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Fig 5: Dogs yawn more often in the yawning condition than in the control condition. 

a) Density plots of posterior predicted yawning rates in the control and yawning conditions 

in the Condition-only model. The median estimated yawning rate of dogs is higher in the 

yawning condition than in the control condition. Similarly, dogs yawn more frequently in 

the yawning condition than the control condition in the large majority of MCMC samples 

(PPM=0.95). b) Density plots showing posterior differences between control and yawning 

conditions, split by study. Five of six studies show similar differences in contagious yawning 

rates (PPM: 0.98-0.99), with only one study not showing this pattern (PPM=0.49). c) Density 

plots showing posterior differences between control and yawning conditions across models 

controlling for various aspects of study design. Across all models, differences in contagious 

yawning rates stay consistent (PPM: 0.94-0.96) Code to reproduce this plot at 

https://osf.io/c2f3k/. 

https://osf.io/c2f3k/
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This finding is robust to variation in study design. WAIC comparisons suggest that 

controlling for the species of the demonstrator (Condition+Demonstrator), whether the 

demonstration is live or recorded (Condition+Live), visual or auditory presentation 

(Condition+Presentation), and whether the dog was a pet or shelter dog (Condition+Type) 

do little to affect out-of-sample prediction. Regardless of which factors were being 

controlled for, the effect of Condition remains stable across all the models, including a full 

model controlling for all these factors (Figure 4c). This suggests that differences in study 

design between studies do not have a large impact on dogs’ contagious yawning.  

Dogs do not show the familiarity bias when contagiously yawning.  

Including familiarity as a factor has very little impact on the model’s out-of-sample 

prediction. While both the Condition+Familiarity and Condition*Familiarity models 

outperform the null model (Fig 5b), including familiarity does not improve model 

performance compared to the Condition-Only model (Fig 5c). If dogs display the familiarity 

bias, they should yawn more in the yawning condition than in the control condition for 

familiar demonstrators only. However, looking at the Condition*Familiarity model, we 

found no evidence of this. The differences between conditions are similar regardless of 

familiarity (Familiar PPM=0.95; Unfamiliar PPM=0.94; Fig 5a). Furthermore, the difference 

between these differences (i.e. the interaction effect) is not consistent with the familiarity 

bias hypothesis, as dogs yawn more often for the unfamiliar yawner compared to the familiar 

yawner in almost 20% of MCMC samples (PPM=0.83). 
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Fig 6: Dogs do not yawn more often for a familiar yawner than an unfamiliar yawner. 

a) Density plots of posterior predicted yawning rates in the control and yawning conditions, 

split by the familiarity of the demonstrator, in the Condition*Familiarity model. The 

proportion of MCMC samples where dogs yawn more often in the yawning condition than 

the control condition is equal for familiar and unfamiliar demonstrators (Familiar 

PPM=0.95; Unfamiliar PPM=0.94). b) Out-of-sample predictive ability was quantified by 

looking at the WAIC. Black dots represent the difference between models compared to the 

null model and the lines represent 95% credible intervals. Negative scores reflect stronger 

performance and models where the 95% CIs do not cross zero differ substantially in 

performance from the null model. Including Condition as a factor substantially improves 

model fit compared to the null model. c) In contrast, including Familiarity as a factor does 

not substantially improve performance in comparison to a Condition-only model. Code to 

reproduce this plot at https://osf.io/c2f3k/. 

 

https://osf.io/c2f3k/
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Dogs do not show a gender bias when contagiously yawning.  

Including subject’s gender as a factor does not affect the model’s out-of-sample prediction 

(Fig 6b & Fig 6c). If dogs displayed the gender bias predicted by the contagious yawning-

empathy hypothesis, female dogs should yawn more often than males in the yawning 

condition. However, looking at the Condition*Gender model, there is no evidence of this. 

The differences between conditions are similar regardless of gender (Male PPM=0.93; 

Female PPM=0.94; Fig. 6a). Furthermore, the difference between these differences is not 

consistent with the gender bias hypothesis, with male dogs showing a greater difference in 

yawning rates between conditions than females in roughly half of the MCMC samples 

(PPM=0.46).  
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Fig 7: Female dogs do not yawn more often than male dogs in response to a yawning 

demonstrator. a) Density plots of posterior predicted yawning rates in the control and 

yawning conditions in the Condition*Gender model. The proportion of MCMC samples 

where female dogs and male dogs yawn more often for the yawning demonstrator compared 

to the control demonstrator is equal (Female PPM=0.94; Male PPM=0.93). b.) Out-of-

sample predictive ability was quantified by looking at the WAIC. Black dots represent the 

difference between models compared to the null model and the lines represent 95% credible 

intervals. Negative scores reflect stronger performance and models where the 95% CIs do 

not cross zero differ substantially in performance from the null model. Including Condition 

as a factor substantially improves model fit compared to the null model. c) In contrast, 

including Gender as a factor does not substantially improve performance in comparison to 

a Condition-only model. Code to reproduce this plot at https://osf.io/c2f3k/. 

 

https://osf.io/c2f3k/
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Dogs do not show a prosociality bias when contagiously yawning.  

Looking at our experimental data, introducing additional factors to the null model does not 

substantially improve model fit as 95% CIs for all WAIC differences cross zero (Figure 7b). 

As including additional factors does not result in increased explanatory power, the null 

model was most parsimonious model. This suggests that whether the demonstrator behaved 

prosocially or antisocially towards the dogs had little effect on their propensity to yawn. The 

Sociality-only model tells a similar story. The model-estimated median yawning rate in the 

prosocial condition (0.18 yawns per minute) was slightly lower than in the antisocial 

condition (0.24 yawns per minute), the opposite direction to our predictions. This lack of 

effect can be further quantified by considering the positive posterior mass. If dogs yawned 

more for prosocial demonstrators, we would predict that the yawning rate should be higher 

in the prosocial condition than in the antisocial condition in a large proportion of MCMC 

samples. However, dogs yawn more for the prosocial demonstrator in a minority of samples 

(PPM=0.18); with dogs yawning more often in the antisocial condition in approximately 80% 

of samples (Fig 7a). Taken together, both model comparison and estimation suggests that 

there is no evidence that dogs yawn more in the prosocial condition than in the antisocial 

condition, as would be predicted by the contagious yawning-empathy hypothesis. 
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Fig 8: Dogs do not yawn more for prosocial yawners than antisocial yawners. a) 

Density plots of posterior predicted yawning rates in the prosocial and antisocial conditions 

in the Sociality-only model. Dogs yawn marginally more in the antisocial condition than in 

the prosocial condition. However, this difference probably does not reflect a true effect 

because while dogs are more likely to yawn more for the antisocial demonstrator than the 

prosocial demonstrator in a majority of MCMC samples, this is not consistent as almost 20% 

of dogs yawned more for the pro-social demonstrator (Antisocial PPM: 0.82). b) Out-of-

sample predictive ability was quantified by looking at the WAIC. Black dots represent the 

difference between models compared to the null model and the lines represent 95% credible 

intervals. Negative values imply stronger model performance and models where the 95% CIs 

do not cross zero differ substantially in performance from the null model. Including either 

Sociality or Trial as factors into the model does not substantially improve performance in 

comparison to the null model. Code to reproduce this plot at https://osf.io/c2f3k/. 

4.4 Discussion: 

By combining the data from six different studies, the resulting dataset is the largest used to 

date to examine the presence of contagious yawning in a non-human mammal. This allowed 

us to draw conclusions about the presence and absence of contagious yawning and the 

signatures predicted by contagious yawning-empathy hypothesis with a greater level of 

certainty than by relying on individual studies alone. Our reanalysis shows that dogs do 

exhibit contagious yawning, showing higher rates of yawning for yawning demonstrators 

compared to control demonstrators. This provides robust support for the claims that 

contagious yawning is present in dogs (Joly-Mascheroni et al., 2008; Madsen & Persson, 2013; 

Romero et al., 2013; Silva et al., 2012). In order to test whether this contagious yawning is 

https://osf.io/c2f3k/
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related to mechanisms underpinning empathy, we examined this dataset for evidence of the 

familiarity bias and gender bias. However, dogs in our reanalysis showed no evidence of 

either of these biases. Similarly, when we ran a novel experiment to look for a prosociality 

bias, we found that the dogs in our experiment were no more likely to yawn for prosocial 

demonstrators than antisocial demonstrators. Dogs, therefore, show no evidence for any of 

the familiarity, gender, or prosociality biases predicted by the contagious yawning-empathy 

hypothesis. This suggests that contagious yawning in dogs is not mediated by an empathy-

related perception-action mechanism (Buttner & Strasser, 2014; Harr et al., 2009; O’Hara & 

Reeve, 2011). The presence of contagious yawning in non-human animals therefore cannot 

be assumed to be evidence for a perception-action mechanism shared between humans and 

other mammals, as has been previously proposed (Campbell & de Waal, 2014; de Waal & 

Preston, 2017; Palagi et al., 2009; Romero et al., 2013). That is not to say that some non-

human animals do not necessarily experience some form of empathy but that contagious 

yawning cannot be taken as a diagnostic signal for the presence of these empathetic 

processes. 

Research into contagious yawning has been dominated by the contagious yawning-empathy 

debate (Massen & Gallup, 2017). However, contagious yawning is an interesting 

phenomenon in its own right as its evolutionary roots and ultimate function remain a 

mystery (Guggisberg et al., 2010). Several alternative explanations have been put forward to 

explain contagious yawning. These include the hypothesis that contagious yawning results 

from increased stress (Buttner & Strasser, 2014; Paukner & Anderson, 2006), or that it is a 

strategy for either affiliation (Yoon & Tennie, 2010) or communication (Moyaho et al., 2015). 

Future research into contagious yawning should include a greater focus on testing between 

these and other hypotheses. For example, the communication hypothesis would predict that 

contagious yawning would be more likely to be seen in social species compared to asocial 

species, whereas the stress hypothesis would not make such a prediction. Alternatively, the 

affiliation hypothesis might predict that contagious yawning should be seen more frequently 

during reconciliation periods after conflict. Additionally, an important next step is to 

consider evidence of contagious yawning outside of mammals. While there has been some 

work looking at contagious yawning in budgerigars (Gallup, Swartwood, Militello, & Sackett, 

2015; M. L. Miller, Gallup, Vogel, Vicario, & Clark, 2012) and tortoises (Wilkinson, Sebanz, 

Mandl, & Huber, 2011), research has otherwise been sparse outside of the mammalian class.  

Future research would benefit from systematically testing contagious yawning across 

multiple species. One barrier to such projects is that studying a range of different species 
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often requires different experimental set-ups to make such testing feasible. There is a 

concern that such a range of methodological approaches may make cross-species and cross-

study comparisons difficult, if not impossible (Campbell & de Waal, 2010; Romero et al., 

2013). However, our finding that the effect of condition on yawning rates remains stable 

when controlling for various aspects of study design suggests that the presence of contagious 

yawning is relatively robust to differences in experimental design. As such, while it is 

important to use broadly similar designs (for instance, comparing animals’ yawning rates 

when exposed to either a yawning demonstrator or control demonstrator), there could be 

considerable flexibility in other aspects of study design. For example, our results suggest that 

animals’ yawning rates to either live demonstrators or recorded demonstrators are 

comparable. Therefore, our findings suggest that more ambitious cross-species work can be 

carried out with confidence in the validity of the subsequent comparisons.  

To conclude, our results provide robust support for the hypothesis that contagious yawning 

is found in dogs, the first non-human species where it has been clearly shown outside of 

chimpanzees. However, we found no evidence that dogs yawn more in response to either 

familiar yawners compared to unfamiliar yawners, or to prosocial yawners compared to 

antisocial yawners. Additionally, we found no evidence that female dogs were more likely to 

yawn in response to a yawning demonstrator than male dogs. As such, these findings cast 

doubt on the assertion that contagious yawning is mediated by the same perception-action 

mechanism as empathy. However, while our results suggest that researchers cannot rely on 

contagious yawning as a diagnostic signal of empathy, our additional findings that the effect 

of contagious yawning appears to be robust to variations in experimental methods suggest 

that cross-species comparisons may be a powerful way to disentangle the evolutionary roots 

of this behaviour. 
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Chapter Five 

Dogs show effort justification: evidence of cognitive dissonance 

outside primates4
 

5.1 Introduction 

Benjamin Franklin famously managed to win over a potential opponent by asking to borrow 

a library book. This effect can be explained in terms of cognitive dissonance (Cooper, 2011; 

Harmon-Jones & Harmon-Jones, 2019; Harmon-Jones, Harmon-Jones, et al., 2015; Jecker & 

Landy, 1969) which occurs when humans note inconsistencies between their beliefs and 

their behaviour and then mentally manipulate their representations in order to reduce these 

inconsistencies (Aronson, 1992; Cooper, 2011). In the famous Franklin example, his opponent 

recognised an contradiction between his belief that he did not like Franklin and his 

behaviour in helping Franklin, and so changed his opinion of Franklin to a more favourable 

one, in order to reconcile his beliefs and behaviour (Festinger & Carlsmith, 1959).  

Cognitive dissonance has mainly been explored experimentally in humans using two 

experimental paradigms. The first is ‘choice-induced preference change’, which occurs when 

the act of choosing between two equally valued items causes an increase in the preference 

for the chosen item (Beasley & Joslyn, 2001; Brehm, 1956). The second is ‘justification of 

effort’, where individuals show a preference for objects which are more costly to obtain 

(Aronson & Mills, 1959; Gerard & Mathewson, 1966; Harmon-Jones, Price, & Harmon-Jones, 

2015; Inzlicht, Shenhav, & Olivola, 2018). That is, the more effort that people put into 

performing specific behaviours, the stronger the preference they will show for the rewards 

they are working for. While these behaviours may seem irrational, cognitive dissonance 

appears to have a benefit as inconsistent cognitions can produce conflicting behaviour, and 

thus impede the efficacy of an individual’s actions in the world (Aronson, 1992; Harmon-

Jones & Harmon-Jones, 2019; Harmon-Jones, Harmon-Jones, et al., 2015). However, cognitive 

dissonance can also lead to costly behaviour, as it can prevent rational decision making 

across a range of contexts, including diet (Rothgerber, 2014), political ideology (Acharya, 

Blackwell, & Sen, 2018; Frimer, Skitka, & Motyl, 2017), investing (Doukas, Antoniou, & 

Subrahmanyam, 2013), and even climate change denial (Gifford, 2011). As such, an 

 
4 Based upon the manuscript “Dogs show effort justification: evidence of cognitive dissonance outside 
primates” under review at PNAS.  
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understanding of the psychological mechanisms driving cognitive dissonance is crucial to 

help mitigate its negative effects on rational decision making (Gifford, 2011).  

In recent years, there has been a growing recognition that unpicking the evolutionary origins 

of decision-making biases, such as cognitive dissonance, can help elucidate these biases’ 

psychological mechanisms; an important step to mitigating their impact (Santos & Rosati, 

2015). There has, therefore, been widespread interest in whether cognitive dissonance is 

found in non-human animals (Santos & Rosati, 2015). To date, choice-induced preference 

change has been shown only in primates. When given the choice between a novel reward 

and either a previously-chosen or previously-rejected reward, primates, but not bears, were 

significantly less likely to pick the previously rejected reward and thus show choice-induced 

preference change (Egan et al., 2007; West et al., 2010). This effect persists even when the 

experimenters manipulated which of the two rewards the primates initially picked, ruling 

out that these results being due to prior, hidden preferences (Egan et al., 2010). 

There is also currently no conclusive evidence that animals show the justification of effort 

effect. While humans show a preference for options that are more costly to obtain (the 

justification of effort effect), work on rats, starlings, and pigeons (Clement, Feltus, Kaiser, & 

Zentall, 2000; DiGian et al., 2004; Friedrich & Zentall, 2004; Kacelnik & Marsh, 2002; Lydall 

et al., 2010; Marsh et al., 2004; Zentall, 2016) shows that mechanisms other than cognitive 

dissonance underpins these species’ preference for high cost objects. This is because these 

animals show increased preferences for a target not only if they have to work harder to 

obtain it, but also if they have to wait longer to obtain it. This sensitivity to external factors, 

such as time, shows that their shift in preference is not driven by the animals manipulating 

their mental representations to reduce cognitive inconsistency, but because the animals pair 

their general frustration levels with different targets, through associative learning (the 

within-trial contrast effect) (Zentall, 2016). Here, the observed preferences for high effort or 

delay targets are a result of the subjects i) experiencing a greater increase in their hedonic 

state in the high effort/delay condition, and ii) subsequently associatively pairing this 

greater relative hedonic shift with the high-effort/delay targets. Put more simply, when 

picking the high effort/delay target, by the time animals receive the reward, they feel more 

frustrated and hence they experience a greater increase in mood. This then leads to them 

learning to prefer the high effort/delay target.  

This pattern of results across mammals and birds has led to the claim that the roots of 

cognitive dissonance lie within the primate lineage (Eisenreich & Hayden, 2017). However, 
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the limited breadth of species used in cognitive dissonance research makes such a 

conclusion premature. If we are to understand how cognitive dissonance evolves and so 

potentially identify ways to mitigate this decision-making bias, we need to test for cognitive 

dissonance in a wide range of animal species. Dogs are an excellent candidate species for 

such testing, given claims that humans are particularly motivated to reduce inconsistency 

between socially-relevant cognitions (Bargh, 2018; Cooper, 2011) and the potential for dogs 

to have convergently evolved similar socio-cognitive abilities as humans during their 

domestication (Hare & Tomasello, 2005; Miklósi & Topál, 2013).  

Here, we tested for the key behavioural signature that can distinguish mental manipulation 

from associative learning, namely that an animal should value objects more if it works harder 

for them, but not value them more if it was longer for them. To do this we presented dogs 

with a novel justification of effort paradigm where we directly examined if object preferences 

were changed by either effort or time. In our first study, we tested two groups of dogs. The 

‘effort group’ played with two stuffed toys and then had to obey either one ‘shake paw’ 

command (low effort) or four ‘shake paw’ commands (high effort) before being offered one 

of the toys again. How hard the dogs pulled towards the toy indicated how strongly they 

preferred the toy. If dogs show a ‘justification of effort’ effect, we predicted they would pull 

harder in the high effort condition compared to the low effort condition. The ‘delay group’ 

took part in identical experiences to the effort group, save that instead of giving their paw, 

the dogs either had to wait for 5s (short delay) or 15s (long delay), a time period which 

matched how long in the effort experiment dogs took to do either one or four ‘shake paw’ 

commands. If the dogs’ behaviour was driven by cognitive dissonance, we predicted that this 

delay, due to it being an external difference, would not drive preference. In contrast, if 

behaviour was driven by the within-trial contrast effect, we predicted that the dogs would 

be sensitive to external differences and so would pull more in the high delay condition than 

in the short delay condition. In our second study, we repeated this study while controlling 

for any experimenter bias that might have resulted from a hand-held force gauge being used 

in Study 1. 

5.2 Material & Methods:  

Ethics Statement:  

The present study was conducted in accordance with the Animal Welfare Act 1999 and 

approved by the University of Auckland Animal Ethics Committee R001826 and the 

University of Auckland Human Ethics Committee R018410. Dogs were recruited through 
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owners’ responses to online applications. Written informed consent for participating in this 

study was obtained from the owners. 

Study 1 

Participants:  

A total of 20 dogs participated in this study. All dogs were pet dogs (aged 2-10) that were 

accompanied to the lab by their owners. 10 dogs took part in the effort experiment and 10 

dogs took part in the delay experiment. Sample size was determined by a Bayesian stopping 

rule (Rouder, 2014) where a minimum of 10 dogs were collected for each experiment. Under 

the stopping rule if, at 10 dogs, the Bayes factor for the paired Bayesian t-test was between 

0.333 and 3.00, pairs of dogs would be collected until i) the Bayes factor was either <0.333 or 

>3 or ii) 30 dogs were reached in each sample. For both experiments, the Bayes factor was 

either below 0.333 or above 3 after collecting data from 10 dogs. Dogs were included in the 

study if they were motivated to play with soft toys (which was assessed by presenting the 

dog with a soft toy at the start of the session) and whether they reliably gave paw (assessed 

by asking the dog to ‘shake paw’ at the start of the session).  

Effort Experiment Methodology:  

At the start of the experimental trial, Experimenter 1 stood with a tug toy 2m away from the 

dog (which was being held by Experimenter 2). The trial started when Experimenter 1 

squeaked the toy and called the dog’s name. At this point the dog was released by 

Experimenter 2 and played with the toy for 20s. After the 20s, the dog was positioned on its 

original mark and Experimenter 2 attached the digital force gauge to its collar and then held 

onto the collar (preventing the dog from pulling forward and thus exerting force.) 

Experimenter 1 approached the dog and would command it to ‘shake paw; either once (low 

effort) or four times (high effort). After the dog had obeyed the ‘shake paw’ commands, 

Experimenter 1 returned to their original mark, 2m away from the dog, squeaked the toy 

twice and call the dog’s name. Experimenter 2 released the dog’s collar and measured how 

hard the dog pulled towards the experimenter. The force gauge recorded the peak force that 

the dog had exerted to reach the toy. Dogs took part in both the high effort and low effort 

conditions and the order of presentation was counterbalanced across dogs. 

Delay Experiment Methodology:  

The delay experiment was the same as the effort experiment except that after the dog had 

played with the toy for 20s, instead of commanding the dog to ‘shake paw’, there was either 
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a 5s pause (short delay) or 15s pause (long delay) where Experimenter 1 walked back to the 

mark and waited before squeaking the toy twice and calling the dog’s name. This time period 

was equivalent to the time taken to run the low and high effort trials, respectively. To control 

for any motivational effects that the experimenter talking to the dog in the effort experiment 

might have, during the delay experiment, Experimenter 1 said “good dog” either once (short 

delay) or four times (long delay). The number of times the experimenter said “good dog” 

reflected the number of times that the experimenter asked the dog to ‘shake paw’ in the 

effort experiment. Dogs took part in both conditions and the order of presentation was 

counterbalanced across dogs.  

Study 2: 

Participants:  

A total of 24 dogs participated in this study. All dogs were pet dogs (aged 2-10) that were 

accompanied to the lab by their owners. 14 dogs took part in the effort experiment and 10 

dogs took part in the delay experiment. Sample size was determined by a Bayesian stopping 

rule (Rouder, 2014) where a minimum of 10 dogs were collected for each experiment. If at 10 

dogs, the Bayes factor for the paired Bayesian t-test was between 0.333 and 3.00, pairs of dogs 

would be collected until i) the Bayes factor was either <0.333 or >3 or ii) 30 dogs were reached 

in each sample. The differing sample sizes in our experiments resulted from the Bayes factor 

dropping below 0.333 after 10 dogs in the Delay experiment and rising above 3 in the Effort 

experiments after 14 dogs. Dogs were included in the study if they were motivated to play 

with soft toys (which was assessed by presenting the dog with a soft toy at the start of the 

session) and whether they reliably performed a ‘shake paw’ command (assessed by asking 

the dog to ‘shake paw’ at the start of the session.)  

Experimental Set Up & Methodology: 

The experiment took place in the same 16x8 m2 testing room as study 1. Both the set up and 

protocols of effort and delay experiment were identical to study 1 except that instead of 

Experimenter 2 holding onto the force gauge with their hands, it was attached to a lead 

which was tied to a metal door frame. After Experimenter 1 played with the dogs, 

Experimenter 1 returned to their original mark and Experimenter 2 repositioned the dog to 

the original mark before attaching the lead to the dog. Experimenter 2 then held the dog’s 

collar until Experimenter 1, called the dog’s name twice and squeaked the toy. At that point, 
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the collar was released and the force gauge recorded how hard the dog pulled to reach the 

toy. This study was pre-registered (http://aspredicted.org/blind.php?x=db6eb7).  

 

Analysis:  

In Study 1 and Study 2, both experiments were analysed separately, using Bayesian paired 

samples t-tests. We tested i) whether dogs pull harder in the High Effort condition compared 

to the Low Effort condition in the Effort experiment and ii) whether dogs pull harder in the 

Long Delay condition compared to the Short Delay condition. In both experiments, the prior 

distribution was a positive half-Cauchy distribution centred on a mean effect size of 0, with 

a width of 0.707. To test whether there was a difference between how hard the dogs pulled 

between experiments, a Bayesian independent samples t-test was carried out, comparing the 

average maximum force exerted by dogs in the effort and delay experiments. The prior 

distribution was a Cauchy distribution, centred on a mean effect size of 0 and with a width 

0.707. In a Bayesian statistics framework, Bayes factors> 1 are evidence for the alternative 

hypothesis whereas Bayes factors< 1 are evidence for the null hypothesis. In particular, Bayes 

factors >3 indicate substantial support for the alternative hypothesis, whereas Bayes factors 

<0.333 indicate substantial support for the null (Wagenmakers et al., 2018). All analyses were 

carried out in Jasp (vs 0.10).  

5.3 Results: 

In Study 1, in the effort experiment (N=10), there was substantial evidence (Bayesian paired 

t-test: BF=6.37) that dogs pulled harder in the high effort condition (mean ±95% Credible 

Interval=57.45±48.96N) than in the low effort condition (mean ±95% Credible 

Interval=18.92±24.85N). In contrast, in the delay experiment (N=10), there was substantial 

evidence (Paired Bayesian t-test: BF=0.183; Fig. 8) that dogs did not pull harder in the long 

delay condition (mean ±95% Credible Interval=11.16±9.89N) than in the short delay 

condition (mean ±95% Credible Interval=22.43±24.81N).  

 

http://aspredicted.org/blind.php?x=db6eb7
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Fig 9: Dogs show a preference for toy that they work harder for but not a toy that 

they wait longer for. In the effort experiments in Study One and Study Two, dogs pulled 

harder to reach a toy after giving four paw commands compared to one paw command. In 

the delay experiments, dogs showed no difference in how hard they pulled to reach a toy 

after waiting either 15s or 5s. The black squares show the means for each condition. 

Similar results were also found in Study 2. In the effort experiment (N=14), there was 

substantial evidence (Bayesian paired t-test: BF=3.53; Fig. 8) that dogs pulled harder in the 

high effort condition (mean ±95% Credible Interval=136.20±83.50N) than in the low effort 

condition (mean ±95% Credible Interval=59.09±59.88N). In contrast, in the delay 

experiment (N=10), there was substantial evidence (Bayesian paired t-test: BF=0.202) that 

dogs did not pull harder in the long delay condition (mean ±95% Credible 

Interval=170.45±105.87N) than the short delay condition (mean ±95% Credible 

Interval=191.62±95.77N). 

While these results suggest that dogs do experience the ‘justification-of-effort’ effect, an 

alternative explanation is that, rather than being a measure of preference, differences in the 

pulling patterns across the effort and delay experiments merely reflect differences in the 

dogs’ general arousal. In particular, the action of giving paw in the effort experiment may 

serve to maintain arousal and so lead to greater pulling in the high effort condition. In 

contrast, in the delay experiments, the dogs may lose motivation over time and thus pull 
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less in the long delay. However, a key prediction of this alternative explanation is that dogs 

should pull harder overall in the effort experiment compared to the delay experiment, due 

to the act of giving paw in the effort experiment generating increased arousal. However, 

across both studies, dogs did not consistently pull harder (Bayesian t-test: N=44, BF=0.185) 

in the effort experiments (mean ±95% Credible Interval=72.87±38.94N.) compared to the 

delay experiments (mean ±95% Credible Interval=98.81±58.51N).  

5.4 Discussion:  

Our results show that dogs had greater preference for a toy after putting in more effort to 

obtain it, pulling harder in the high effort condition than the low effort condition. In 

contrast, the dogs had no such preference for the toy after waiting longer for it, pulling as 

hard to reach the toy in the short delay as in the long delay condition. These results 

demonstrate that dogs did not simply learn to pair a greater reduction in frustration with a 

specific object, as predicted if they were sensitive to contrast (Aw, Holbrook, Burt de Perera, 

& Kacelnik, 2009; Clement et al., 2000; Czaczkes, Brandstetter, di Stefano, & Heinze, 2018; 

DiGian et al., 2004; Friedrich & Zentall, 2004; Kacelnik & Marsh, 2002; Lydall et al., 2010; 

Marsh et al., 2004; Zentall, 2016) but instead showed a true justification of effort effect. These 

results cannot be explained by an alternative explanation, that dogs simply pull harder in 

the high effort condition because of greater arousal, as there was no evidence that the act of 

giving paw in the effort experiment generated increased arousal compared to the delay 

experiment. Thus, these results provide strong support for the hypothesis that dogs show 

cognitive dissonance. This finding challenges the assertion that the roots of cognitive 

dissonance lie within the primate lineage (Eisenreich & Hayden, 2017) and shows dogs have 

the ability to identify inconsistencies between their behaviours and beliefs and then 

mentally manipulate representations to reduce this inconsistency. 

In this study, we used a novel measure of preference in dogs, namely measuring pulling force 

using a force gauge. We suggest that assessing dogs’ preferences for objects with this method 

offers a useful alternative to more traditional forced-object preference tests, where an 

individual chooses to approach one of two options, as it involves only a single trial and so 

avoids issues with side biasing, or reduced responding, across trials (Carballo et al., 2015; 

Mulcahy & Hedge, 2012; Nitzschner et al., 2012). The method may also be helpful in 

situations where dogs approaching the stimulus may be dangerous, such as in studies of dog 

reactiveness (Casey, Loftus, & Richards, 2012; Reid & Collins, 2012), or where it may 

invalidate the study design, such as jealousy studies using model dogs (Harris & Prouvost, 
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2014). It is notable that the force gauge was a robust measure when either tethered to the 

wall or held by an experiment. While there was a difference in how hard the dogs pulled in 

absolute terms between these two variants, there was no effect on the pattern of the force 

exerted across our experimental conditions. Dogs in both studies pulled harder for the toy 

in high effort condition than the low effort condition and showed no difference between the 

long and short delay conditions. This suggests that, even without the opportunity of wall 

mounting, force gauges are a useful means of measuring preference in dogs across a range 

of different contexts. 

The findings here have important implications for improving dog training and welfare. 

While many traditional training approaches have based on upon models such as the 

‘dominance’ model of dog sociality (Cafazzo, Valsecchi, Bonanni, & Natoli, 2010; Schilder, 

Vinke, & van der Borg, 2014) or positive reinforcement strategy (Deldalle & Gaunet, 2014; 

Yin, Fernandez, Pagan, Richardson, & Snyder, 2008), such approaches are not necessarily 

grounded in the cognitive mechanisms that guide dog behaviour in its entirety (Guilherme 

Fernandes, Olsson, & Vieira de Castro, 2017). A better understanding of biases, such as 

cognitive dissonance, in canine decision-making could help lead to the improvement of 

training methods. In humans, dissonance-based interventions have been shown to be 

effective in treating a range of mental health challenges such as eating disorders (Becker et 

al., 2010; Chithambo & Huey, 2017; Green, Scott, Diyankova, Gasser, & Pederson, 2005; 

Rodriguez, Marchand, Ng, & Stice, 2008; Stice, Marti, Spoor, Presnell, & Shaw, 2008; Stice, 

Shaw, Burton, & Wade, 2006), depression (Rhode, Brière, & Stice, 2018; Rohde, Stice, Shaw, 

& Gau, 2016), and schizophrenia (Jones et al., 2018; Levine, Barak, & Caspi, 1994, 1995; Levine, 

Barak, & Granek, 1998). In dogs, our results suggest that a key way to train dogs to develop 

strong preferences for specific objects in their environment is by making them put more 

effort into getting access to such objects. For example, toy engagement plays a key role in 

training working animals such as search dogs (Alexander, Friend, & Haug, 2011). Our current 

findings suggest that initially associating this toy with high effort may increase its value to 

the dog and thus generate much stronger desires to interact with toys for dogs that generally 

are only mildly interested in such objects. Similarly, even objects such as cars, leads, training 

crates, or even vet practises can often have negative associations for dogs. These results 

suggest that such objects can be made more positive for dogs if they are required to put 

effort into gaining access to such objects or locations. Cognitive dissonance-based training 

therefore offers a potential method for improving dog welfare by making aversive stimuli 

more positive.  
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As well as having practical implications, our results also shed light on the evolution of 

cognitive dissonance. While primates show choice-induced preference change, bears do not 

(West et al., 2010). Similarly, while humans show evidence of the justification of effort effect, 

the behaviour of pigeons, starlings, and rats (Clement et al., 2000; DiGian et al., 2004; 

Friedrich & Zentall, 2004; Kacelnik & Marsh, 2002; Lydall et al., 2010; Marsh et al., 2004; 

Zentall, 2016) appears to be driven by within trial contrast effects (25). These results, 

therefore, in combination with the findings here, suggest the presence of cognitive 

dissonance in both dogs and primates is a product of convergent evolution. Our research 

thus offers not only a route towards untangling the minimum cognitive requirements for 

cognitive dissonance (Bargh, 2018; Vaidis & Bran, 2019), but also suggests that dogs may 

prove to be an important model species for exploring how and why cognitive dissonance 

evolves.  
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Chapter Six: Discussion 

The aim of this thesis was to determine whether the signature-testing approach is suitable 

for exploring dogs’ social cognition. In this chapter, I will expand on what the results from 

our signature-testing experiments in the previous studies tell us about dogs’ social cognition 

and consider both the different ways that signature-testing can be used to answer questions 

about cognition, and possible limitations of the signature-testing approach.  

6.1 What has the signature-testing approach uncovered about dogs’ social cognition?  

Dogs (Kaminski et al., 2012; Téglás et al., 2012) and infants (Atsushi Senju & Csibra, 2008) 

both show high levels of sensitivity towards ostensive-communication cues such as eye 

contact and name-calling and these cues appear to help them better understand referential 

gestures such as pointing. It has been suggested that dogs have specific adaptations relating 

to attending to ostensive-communication cues (Topál et al., 2014) and that they might share 

these adaptations with humans (Johnston, McAuliffe, & Santos, 2015). Two adaptations that 

appear to underpin human understanding ostensive-communication cues are a high level of 

sensitivity to eye contact (Csibra, 2010), which makes it easier to detect such cues, and the 

expectations that individuals have about interpreting the referential gesture (Csibra & 

Gergely, 2011).  

Both humans and dogs show high levels of sensitivity to human eye contact (Kaminski & 

Nitzschner, 2013) but it isn’t clear whether this sensitivity to eye contact is underpinned by 

similar cognitive mechanisms. In Chapter Two, I tested whether dogs show the ‘watching-

eye’ effect and were slower to approach forbidden food when it was underneath a photo of 

eyes. If dogs’ sensitivity to eye gaze was shaped by the same selection pressure as humans’ 

sensitivity, dogs should show the ‘watching-eye’ effect. However, dogs’ latency to approach 

the food was similar in both the eyes and flowers condition. This suggests that humans’ high 

levels of sensitivity to eye contact is driven at least in part by selection pressure induced by 

reputation-management (Nettle et al., 2013). As dogs do not appear to engage in reputation 

management (Hertel et al., 2014), these results suggest that the selection pressure acting on 

gaze sensitivity in dogs and humans are different and reduces the likelihood that the high 

levels of sensitivity to eye contact in both species is the result of convergent evolution.  

Prior evidence suggests that dogs and infants have different expectations when it comes to 

interpreting ostensive-communication cues. While infants appear to have the expectancy 

that such cues are informative (Csibra & Gergely, 2009), dogs appear to view them as “lightly 
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imperative” (Scheider et al., 2013). However, it is not clear whether these difference in 

expectations are innate (Csibra & Gergely, 2009, 2011) or the result of interactions between 

simple learning mechanisms and the infants’ socio-cultural environment (Gredebäck et al., 

2018; Heyes, 2016b). In this cultural pedagogy argument, children’s expectation that 

ostensive-communication cues are informative is socially learnt and based upon initially 

simply being sensitive to ostensive-communication cues (Heyes, 2016b).  

In Chapter Three, I showed that, unlike infants (Hammond et al., 2012; S. E. Miller & 

Marcovitch, 2011), dogs’ performance in an A-not-B detour task did not improve in response 

to human scaffolding behaviour. Scaffolding behaviour occurs where an individual uses 

ostensive-communication cues to direct another individual’s attention towards relevant 

parts of a task. If merely being sensitive to ostensive-communication cues was sufficient for 

individuals to attend to such cues even if they conflicted with prior experience, infants could 

easily learn via associative learning that such cues are informative, as predicted by cultural 

pedagogy theory (Heyes, 2016b). However, even though dogs are highly sensitive to 

ostensive-communication cues, our results show that they appear to be unable to attend to 

these cues when they conflict with prior experience. This suggests that infants’ expectation 

that such cues are informative is crucial to explaining their responsiveness to scaffolding 

behaviour. Without prior expectations that ostensive-communication cues are informative, 

it appears difficult for individuals to ignore their prior experience and attend to the 

referential nature of the cue. Thus, our study does not provide evidence for the cultural 

pedagogy argument. Rather, dogs’ lack of responsiveness to scaffolding cues suggests that 

infants’ expectations that ostensive-communication cues are informative are innate as 

predicted by natural pedagogy theory (Csibra & Gergely, 2011).  

 Both the watching-eye effect and infants’ responsiveness to scaffolding behaviour can be 

viewed as two signatures produced by the cognitive mechanisms underpinning humans’ 

sensitivity to ostensive-communication cues. Strikingly, dogs displayed neither of these 

signatures. Taken together, these signatures in humans suggest that the cognitive 

mechanisms responsible for being responsive to being watched were shaped by selection 

pressure induced by reputation-management and that humans have an innate assumption 

that ostensive-communication cues are informative. Their absence in dogs, therefore, 

suggest that dogs did not experience the same selection pressure for sensitivity to eyes and 

that there are innate differences in the cognitive mechanisms responsible for how dogs and 

humans interpret ostensive-communication cues. Rather than dogs’ and humans’ 

responsiveness to ostensive communication cues being an example of convergent evolution 
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(Johnston et al., 2015), our results suggest that dogs’ sensitivity to ostensive-communication 

cues may reflect a more limited, unique suite of adaptations in dogs (Topál et al., 2014). For 

example, some evidence has linked individual differences in dogs’ tendency to make eye 

contact, an important prerequisite for ostensive-communication cues, with variations in 

dopamine receptor genes (Hori, Kishi, Inoue-Murayama, & Fujita, 2013). However, while it 

is widely assumed that dogs are much more sensitive to ostensive-communication cues than 

other animals (Kaminski & Nitzschner, 2013; Kano et al., 2018; Kirchhofer et al., 2012), it has 

been argued that such differences are instead an artefact of different methodology 

approaches (Krause et al., 2018; Mulcahy & Hedge, 2012). Establishing a set of signatures that 

dogs display whilst interpreting and following ostensive-communication cues would be 

powerful way to determine whether other animals are similarly sensitive to ostensive-

communication cues and, if so, whether they are using the same cognitive mechanisms to 

solve these problems.  

In Chapter Four, I moved on from ostensive-communication cues to consider whether 

contagious yawning is a reliable signal of empathy in dogs. Dogs engage in a range of helping 

behaviour (Custance & Mayer, 2012; Quervel-Chaumette et al., 2016; Sanford et al., 2018) but 

it is difficult to be sure whether such behaviour is motivated by empathy or other factors 

(Custance & Mayer, 2012; Ueno et al., 2019; Vasconcelos et al., 2012) However, the contagious 

yawning-empathy hypothesis argues that both contagious yawning and empathy are 

mediated by the same perception-action mechanism and, as such, the presence of 

contagious yawning is indirect evidence that a species possesses rudimentary empathy (de 

Waal & Preston, 2017). In order to test this hypothesis, I searched for three signatures 

predicted by the contagious yawning-empathy hypothesis: that dogs should yawn more 

when their owner yawns compared to a stranger; that female dogs should yawn more than 

male dogs; and that dogs should yawn more in response to a pro-social yawner than an anti-

social yawner. After re-analysing the data of six previous studies on contagious yawning in 

dogs, I demonstrated that, despite engaging in contagious yawning, dogs did show either 

the familiarity or gender bias. Similarly, after running an experiment where dogs interacted 

with a pro-social or anti-social demonstrator, I showed that dogs did not display the sociality 

bias either. 

These results suggest that contagious yawning is not a reliable signal of empathy in dogs. As 

such, claims that helping behaviour in dogs are motivated by empathy should be treated 

with caution. Furthermore, these results raise the possibility that contagious yawning is 

mediated by two different cognitive mechanisms in humans compared to dogs (and possibly 
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other mammals.) However, it should be noted that the link between empathy and 

contagious yawning in humans is not settled either (Massen & Gallup, 2017). For instance, it 

has been suggested that the familiarity bias seen in humans where people yawn more in 

response to friends and family (Norscia & Palagi, 2011) reflects differences in how much 

people attend to familiar individuals compared to unfamiliar individuals (Laidlaw, 

Foulsham, Kuhn, & Kingstone, 2011; Méary, Li, Li, Guo, & Pascalis, 2014) rather than being 

related to feeling more empathy for them. Similarly, the evidence of the gender bias (Norscia 

et al., 2016) seen in human contagious yawning is strongly contested (Gallup & Massen, 

2016). As such, while the results from Chapter Four demonstrate that contagious yawning is 

not mediated by empathetic processes in dogs, the picture is still unclear in humans.  

Finally, humans show many cognitive biases in their decision making (Kahneman & Egan, 

2011; Santos & Rosati, 2015) and these biases can have impact on their social lives (Jecker & 

Landy, 1969; Niiya, 2016). One such bias is cognitive dissonance, where, in situations where 

their beliefs or actions are inconsistent, people will manipulate their mental representation 

in order to maintain cognitive consistency (Aronson, 1992; Cooper, 2011). In Chapter Five, I 

explored whether dogs show evidence of cognitive dissonance in their pulling behaviour 

towards two toys. In a justification-of-effort paradigm, dogs displayed two key signatures 

associated with experiencing cognitive dissonance. Firstly, they pulled harder for a toy that 

they had to exert greater effort to obtain than a toy where they exerted less effort. However, 

they showed no preference between a toy where they experienced a long delay before 

obtaining it and a toy where they experienced a short delay before obtaining it. Crucially, 

both of these signatures are predicted by cognitive dissonance theory. In contrast, an 

alternative hypothesis, the within-trials contrast hypothesis, predicts that dogs should pull 

more in both the high effort and long delay conditions.  

These results suggest that both humans and dogs experience cognitive dissonance. Given 

that cognitive dissonance has only been found in primates previously (Egan et al., 2010, 2007; 

West et al., 2010), this suggests the possibility that the presence of cognitive dissonance in 

both dogs and primates is due to convergent evolution. Such a finding is consistent with the 

possibility that cognitive consistency is particular key in a social context (Bargh, 2018) as 

both dogs and primates are social species. Support for the importance of sociality comes 

from the lack of evidence for cognitive dissonance found in bears, solitary carnivores (West 

et al., 2010). However, rats, a social species, also do not show cognitive dissonance (Lydall et 

al., 2010). One possibility is that is not sociality per se that is importance but perhaps the 
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need to coordinate behaviour. Regardless, given the paucity of data across mammals, further 

research is required to more fully disentangle the roots of cognitive dissonance.  

6.2 How useful is the signature-testing approach in understanding dog social cognition? 

The signature testing approach has shed light on several key questions regarding similarity 

between human and dog social cognition. Firstly, although both dogs and humans are highly 

sensitive to eyes, dogs do not show an analogous watching-eye effect to humans. This 

suggests that human sensitivity to eyes is mediated by either different, or at least additional, 

cognitive mechanisms compared to dogs. Secondly, unlike infants, scaffolding behaviour 

does not appear to improve dogs’ performance in an inhibitory control task, supporting the 

assertion that there are innate differences between the expectations that dogs, and humans 

have in how to interpret ostensive-communication cues. Thirdly, the lack of the familiarity, 

gender, or sociality biases in dogs’ contagious yawning suggests that it is not mediated by 

the same perception-action mechanism underpinning empathy. This in turn suggests that 

contagious yawning is not a reliable signal of empathy. Finally, we showed that, in a 

justification-of-effort paradigm, dogs show two signatures predicted by the cognitive 

dissonance hypothesis but not the within-trial contrast hypothesis. This demonstrates that 

dogs experience cognitive dissonance and that this is possible an example of convergent 

evolution between dogs and primates.  

In this thesis, I have used the signature-testing approach in two main ways. In the first way, 

I have started with a behaviour and attempted to explore whether humans and dogs produce 

similar behavioural signatures while producing this behaviour. For example, in Chapter Two 

and Chapter Three, the behaviour I was ultimately interested in was dogs’ sensitivity to 

ostensive-communication cues and the signatures I investigated was whether dogs showed 

the watching-eye effect and if they responded to scaffolding behaviour. Crucially, while 

searching for those signatures, I had not specified the proposed cognitive mechanisms 

responsible for producing the behaviour. Rather, the question being asked is whether there 

is evidence that dogs and humans could be using similar cognitive mechanisms, without be 

sure what exactly these underlying cognitive mechanisms are. Such blackboxing can be 

problematic (Heyes, 2016a) and does not get at the ultimate question that we are interested 

in: namely what are the cognitive mechanisms that different species possess. However, in 

absence of plausible cognitive mechanisms to test, this approach can help explore the 

solution-space and elucidate differences in selection pressures that could be shaping 

different species’ cognitive mechanisms.  
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A more powerful application of the signature-testing approach is start with a specific 

cognitive mechanism, identify signatures associated with this cognitive mechanism and 

then search for these signatures in the target species. This was the approach used to test 

crows’ physical cognition (Jelbert et al., 2019; Neilands et al., 2016) and planning abilities 

(Gruber et al., 2019) and was the approach used in Chapter Four and Chapter Five in this 

thesis. In Chapter Four, I searched for three signatures that should be seen if contagious 

yawning was underpinned by empathetic mechanisms. In Chapter Five, I tested between the 

cognitive dissonance hypothesis and the within-trial contrast hypothesis for the 

justification-of-effort effect seen in dogs by searching for a signature predicted by the 

cognitive dissonance hypothesis: that dogs should not be sensitive to differences between 

the long and short delay. This approach avoids blackboxing and allows us to get directly at 

what cognitive mechanisms are being used. However, it does rely on there being a good 

understanding of possible cognitive mechanisms underpinning a particular behaviour.  

6.3 Limitations of the Cognitive Signature Approach:  

While the signature-testing approach has great scope to help improve our understanding of 

the evolution of cognition, there are some potential conceptual limitations that should be 

addressed. The main limitation is that the signature-testing approach requires the 

identification of robust signatures to test. This may seem like an obvious, even facile, point 

but addressing it requires considering several more subtle conceptual issues associated with 

the signature-testing approach.  

Firstly, the field of comparative cognition often relies on developmental psychology to 

provide it with conceptual and experimental paradigms. For example, the study of theory of 

mind in non-human animals has borrowed heavily from developmental psychology (Call & 

Tomasello, 2008). Similarly, the natural place to look for potential signatures to test is in 

fields such as developmental psychology and behavioural economics. Indeed, this approach 

has been fruitful for locating signatures for this thesis. However, not all topics are as fruitful 

for signature-hunting as others. Crucially, it is more difficult to find useful signatures in 

fields which do not involve substantial conceptual or methodological overlap with 

comparative cognition. For example, human studies into insight, that “ah-ha” moment 

where you happen upon the solution to a novel problem (Weisberg, 2014), have tended to 

rely on language problems such as being presented with two incomplete words and asking 

which single letter could complete both words (Sio & Ormerod, 2015). Such experimental 

methodologies do not translate well into studies with non-verbal animals and so 
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comparative cognition has not borrowed much from the study of human insight. This lack 

of conversation between these two fields is most dramatically demonstrated by the fact that 

the two different fields have hit upon diametrically opposed definitions of insight. In the 

animal literature, insight is thought to refer to the act of consciously planning a response to 

new problem (Huber & Gajdon, 2006). In contrast, in the human literature, insight is 

thought to be a process where individuals unconsciously make associations between 

previously unconnected concepts in their brain (Weisberg, 2014). As such, searching in the 

human insight literature for signatures to test for in animals represents something of a 

quixotic task. However, while a lack of cross-over may currently limited opportunities for 

signature-testing, the rise of computational cognition may present opportunities to more 

directly pinpoint potential signatures without having to hunt in the human literature 

(Griffiths, 2015).   

Secondly, it is not entirely clear what level of behaviour signature-testing acts upon. For 

example, contagious yawning itself could be considered a signature for the empathy-

yawning hypothesis but, in this thesis, I instead considered the familiarity, gender, and 

sociality biases as signatures that contagious yawning is mediated by the same cognitive 

mechanisms in humans. Are both contagious yawning and these biases signatures? Just 

contagious yawning itself? Or just the more granular biases? At the heart of these question 

is the bigger question of what patterns of behaviour should be considered signatures? 

Without a specific cause to think otherwise, it seems reasonable that behavioural signatures 

can be nested within each other; that is, it is signatures all the way down! However, this 

raises an additional question. Where exactly is the cut-off point at which animals share 

enough behavioural signatures that we accept that they also share the same cognitive 

mechanism? One possibility is that we can only accept two species as sharing the same 

cognitive mechanisms when all the related signatures match. However, this seems too 

strong a criterion. Even if two species share the same cognitive mechanisms, it seems 

reasonable that, with differences in ecological niche and interaction with other cognitive 

mechanisms, that their behaviour will diverge at some stage. Therefore, while it is 

reasonable that more signatures shared between two species, the more likely they share the 

same cognitive mechanism, there isn’t necessarily an objective standard that can be applied 

to this judgment.  

Thirdly, simply considering the absolute number of signatures is not be the best way to 

determine whether an animals’ behaviour is driven by a particular cognitive mechanism. 

That is, not all signatures should necessarily carry the same weight. For example, dogs 
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appear to show at least some limited ability to understand other’s visual perspectives 

(Kaminski et al., 2009). However, it isn’t clear if they use similar cognitive mechanisms to 

take other’s perspective-taking as humans. One signature seen in human perspective-taking 

is that it is an effortful process, with individuals who score higher on executive function 

batteries performing better in perspective-taking tasks (Lin, Keysar, & Epley, 2010). 

However, while this may be a consistent signature seen in human perspective-taking, it is a 

weak signature. Crucially, there are many putative effortful cognitive mechanisms that could 

be responsible for mediating perspective taking and so merely showing that perspective-

taking in dogs is effortful does little to narrow down the number of possible mechanisms. If 

absolute number of signatures is a poor way to determine what cognitive mechanism is 

responsible, another possibility is to distinguish between ‘weak’ and ‘strong’ signatures. 

Unlike weak signatures, strong signatures would be associated with a specific cognitive 

mechanism and so essentially diagnostic of the presence or absence of a particular cognitive 

mechanism. However, while appealing, this idea may be too simplistic. Crucially, the idea of 

looking for strong signatures ignores the interaction between multiple signatures. For 

instance, as the familiarity bias in contagious yawn can be predicted by both attentional 

(Massen & Gallup, 2017) and empathetic (Norscia & Palagi, 2011) accounts of contagious 

yawning, it could be considered a weak signature. Indeed, in Chapter Four, if dogs had 

shown the familiarity bias in contagious yawning but neither of the other two signatures, it 

would have been inconclusive evidence that dogs’ contagious yawning is mediated by a 

perception-action mechanism underpinning empathy. However, even though each bias may 

be a weak signature in itself, the presence of all three would have strong evidence for the 

contagious-yawning hypothesis. Rather than being concerned about how to classify 

signature, the key question appears to be how the presence or absence of a suite of signatures 

constrains the solution-space for possible cognitive mechanisms. In the justification-of-

effort experiment in Chapter Five, there are three possible explanations of the dogs’ pulling 

behaviour: standard operant conditioning, the within-contrast trial effect, or cognitive 

dissonance. In this study, two signatures were considered: whether dogs pulled more for the 

high effort toy than the low effort toy and whether dogs pulled more for the long delay toy 

than the short delay toy. Each explanation suggests a different pattern of signatures. The 

standard operant condition hypothesis predicts that dogs should not pull harder for either 

the high effort or the long delay toy (Skinner, 1963), the within-trial contrast effects predicts 

that dogs should pull harder for both the high effort and long delay toys (Zentall, 2016), 

whilst the cognitive dissonance explanation predicts that dogs should pull harder for the 
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high effort toy but not for the long delay toy (Aronson & Mills, 1959). What is relevant is not 

the absolute number of signatures, or which signature is diagnostic of a particular cognitive 

mechanism. Rather, what is important is the presence of the effort signature and the absence 

of the delay signature is consistent only with the cognitive dissonance hypothesis.  

Taken together, these limitations suggest that while the signature-testing approach 

functions well as a more systematic way to encourage designing experiments which 

explicitly try to drill down to the specific cognitive mechanisms driving behaviour, it may be 

particularly useful in a specific set of circumstances. Namely, these limitations suggest that 

signature-testing is most powerful for answering questions where there already have been 

efforts to sketch out potential signatures in humans; where more than one signature can be 

tested; and where these signatures can be used to test against distinct, competing cognitive 

mechanisms.  

While the challenge of identifying robust signature is a major challenge specific to the 

signature-testing approach, there are also some other potential limitations that are worth 

considering. Crucially, the absence of a signature can be as important as the presence of a 

signature when it comes to identifying a particular cognitive mechanism. As such, negative 

results play an important role in the signature-testing approach. Indeed, several of the key 

findings in this thesis were negative results. Such reliance on negative results could be 

considered problematic as null findings are often thought to be inherently uninformative in 

scientific research (Ferguson & Heene, 2012). 

While this aversion partly stems from difficulties in publishing such results in high impact 

journals (Fanelli, 2012), there are several difficulties in interpreting negative results. Firstly, 

there are challenges in interpreting such results in the context of the null hypothesis 

significance testing (NHST) framework; the prevailing statistical approach across the 

scientific disciplines (Cumming, 2014; Kruschke & Liddell, 2018). Secondly, in terms of 

experimental design, it can be difficult to rule out alternative explanations for null results.  

Under the Frequentist NHST framework, the only inference that can be drawn from 

statistical tests is whether to reject the null hypothesis (H0) or not (Kruschke & Liddell, 

2018). Conventionally, when rejecting H0, researchers choose to accept the alternative 

hypothesis (H1). For positive results, this is problematic because finding evidence against the 

null hypothesis is not equivalent to finding evidence for the alternative hypothesis. Indeed, 

this lack of equivalence is the key limitation of task-focused paradigms in comparative 

cognition (Taylor & Neilands, 2018). However, the inferences that can be drawn from 
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negative results under the Frequentist NHST paradigm are even more limited. Failing to 

reject the null hypothesis is not the same as accepting the null hypothesis (Cumming, 2014). 

As such, negative results can end up in a statistical quagmire: does a lack of significance 

signal a true lack of an effect or is it simply the result of insufficient sample size?  

However, this difficulty in interpretation is not an inherent property of negative results. 

Rather, it stems from the Frequentist NHST framework. In this thesis, rather than using 

Frequentist statistics, I used two Bayesian approaches to analyse my results: Bayes Factors 

(Dienes, 2016; Wagenmakers et al., 2018) and Bayesian model estimation (Kruschke & 

Liddell, 2018; McElreath, 2018). Both approaches require models to be constructed for both 

the null hypothesis and (at least one) alternative hypothesis. Therefore, rather than simply 

relying on rejection of the null hypothesis, it is possible to find positive evidence for both 

the null or alternative hypothesis (Dienes, 2016). As such, in a Bayesian framework, there is 

no asymmetry in the interpretation of positive and negative results.  

While a Bayesian framework allows researchers to be more confident that a negative result 

is “true” negative rather simply resulting from a lack of power, Bayesian analysis cannot rule 

out alternative explanations for this negative result. If negative results are to play an 

important role in the signature-testing approach, then being able to rule out such alternative 

explanation is vitally important. 

While ruling out alternative explanations is important for positive results as well as negative 

results, the issue of “systematic variation” (Bitterman, 1965) is particularly acute for negative 

results. Systematic variation is the process whereby altering seemingly incidental aspects of 

a task can result in animals solving the task when they had previously failed to do so 

(Bitterman, 1965; Prétôt, Bshary, & Brosnan, 2016). For example, apes often perform better 

on causal cognition tasks when tools are no longer required to solve the problem (Seed, Call, 

Emery, & Clayton, 2009) or they have to use one tool rather than choose between two tools 

(Girndt, Meier, & Call, 2008). Similarly New Caledonian crows are more successful with A-

not-B tasks when they received hand tracking training (Jelbert, Taylor, & Gray, 2016) and 

both capuchins and macaques show improved performance on a dichotomous choice test in 

a computerized set-up compared to having to interact with human experimenters (Prétôt et 

al., 2016). Given these examples, it is clear that careful consideration is required for ruling 

out alternative explanations for the predicted absence of particular signatures.  
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In this thesis, there are several contextual variables that could explain the negative results 

found in several of the studies. For example, while dogs appear to show similar sensitivity to 

pictures of  human faces as humans (Amadei et al., 2007),  there is still much work to be 

done on the cognitive mechanism underpinning face processing in non-primates (Leopold 

& Rhodes, 2010). As such, it is possible that dogs would show the watching-eye effect if 

presented with an image of a full face rather than a partial image of eyes. Similarly, dogs’ 

lack of sensitivity to scaffolding in chapter three may be particular to the A-not-B detour 

task and dogs may show such sensitivity when trying to solve other tests of executive 

functions. 

One approach to ruling out these alternative explanations is to systematically vary the 

parameters of the testing situation and track the subjects’ performance as the parameters 

vary (Bitterman, 1965). However, in many comparative cognition experiments, this is simply 

infeasible due to the larger numbers of parameters that may be varied and the low sample 

sizes available to researchers. Instead, researchers often attempt to “put failure into focus” 

(Seed et al., 2012) by reducing the task-demands of a particular experiment. Rather than 

varying all parameters of the task, researchers focus on inter-species differences in 

peripheral cognitive processes such as differences in executive control (Seed et al., 2012), 

propensity to spontaneously engage in particular behaviours (Jelbert et al., 2016), or 

perceptual biases (Prétôt et al., 2016) to account for performance on particular tasks. The 

bringing failure into focus approach is a crucial means by which to extend the work done on 

this thesis. For example, the watching-eye experiment could be re-run with full images of 

faces and dogs’ performance in scaffolding conditions could be explored in a range of 

inhibition tasks.  

However, while bringing failure into focus is a powerful approach, it can often be a reactive 

process, relying on post-hoc hypothesizing rather than making predictions based on theory. 

Such post-hoc hypothesizing makes it difficult to build strong research programs (Fletcher 

& Carruthers, 2013). In this regard, it stands in stark contrast to the signature-testing 

approach, which emphasizes generating predictions associated with particular cognitive 

mechanisms (Taylor, 2014). Indeed, the signature-testing approach has the potential to be a 

much more powerful paradigm for dealing with systematic variation than task-focused 

paradigms. While systematic variation is essentially noise that obscures success or failure in 

task-focused experiments, such variation could be a rich source of signatures in the 

signature-testing approach. As such, both approaches complement each other: being careful 

to consider alternative explanations for both negative and positive results ensures that the 
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absence of particular signatures can be a powerful means to test between competing 

cognitive mechanisms.  

6.4 Conclusion: 

This thesis has demonstrated that the signature-testing approach is a powerful way to 

attempt to explore the cognitive mechanisms underpinning dogs’ social behaviour. The 

results of Chapter Two and Chapter Three suggest that dogs’ and humans’ sensitivity to 

ostensive-communication cues are mediated by different cognitive mechanisms. Chapter 

Four shows that, contrary to some claims (Romero et al., 2013), the question of whether dogs 

experience empathy remains an open question as it demonstrates that contagious yawning 

is not a reliable signature for empathy. Finally, Chapter Five demonstrates evidence of 

cognitive dissonance in dogs; providing the first evidence of contagious yawning outside of 

primates (Eisenreich & Hayden, 2017) and possibly an example of convergent evolution 

between dogs and primates. As a whole, these findings support the evolved-potential 

hypothesis (Miklósi & Kubinyi, 2016) but more crucially shed light on the specific cognitive 

mechanisms mediated dog social behaviour.  

There are many ways that the work in this thesis could be extended. What signatures are 

specifically associated with dogs’ sensitivity to human gaze and do any other animals show 

similar signatures? If dogs do not respond to scaffolding behaviour, are they sensitive to any 

other interventions to improve performance on executive function tasks? Does contagious 

yawning have any adaptive function in dogs (and other mammals)? As well as showing the 

justification-of-effort effect, do dogs also show induced-choice preferences? However, while 

these are all interesting question, perhaps the most significant way this thesis could be 

extended would be to extend the signature-testing approach to other cognitive domains in 

other species.  

The signature-testing approach is not silver bullet, there are no short cuts when it comes to 

high quality experimental design. However, by focusing on more than just whether animals 

can pass or solve a task and instead asking what behavioural correlates animals produce 

when solving these tasks, careful application of the signature-testing approach can more 

effectively constrain the range of possible solutions being used by an animal. While other 

process-focused approaches such as bringing failure into focus (Seed et al., 2012) are also 

vital and crucial for interpreting results, the signature-testing approach has the advantage 

of being proactive in its predictions rather than reactive and thus makes it easier to establish 

a progressive research program (Fletcher & Carruthers, 2013). Therefore, applying the 
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signature-testing approach more broadly to comparative cognition could play a key role in 

moving the field forward.  
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