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Introduction 

 

It is generally accepted that imitation has a significant role in humans as a main drive 

of cognitive and social development of infants and children (Heyes 2009). Furthermore, it is 

an important mechanism of human cultural inheritance (Heyes 2009) and cumulative culture 

(Tomasello 1999). Human social learning is widely considered to possess unique 

characteristics (‘Human Behavioural Complex’ - Csányi 2000). One of these is the presence 

of ostensive-communicative and referential cues in certain knowledge transferring situations. 

The natural pedagogy theory of Csibra and Gergely (2009) suggests that these non-verbal 

communicative and referential cues have a special role to guide imitative learning of infants. 

According to the authors natural pedagogy is a unique “teaching-learning” context in humans 

which can facilitate knowledge transmission in a fast and efficient way between the 

knowledgeable ‘teacher’ and the naïve ‘learner’. There is a mutual capacity of both sides for 

the usage/understanding of these cues. Csibra and Gergely suggest that, furthermore, 

ostensive-communicative and referential cues can increase the tendency to copy cognitively 

opaque actions (Gergely and Csibra 2006) that can facilitate selective understanding of a 

situation (Király et al. 2004) and importantly transmit generic information (Csibra & Gergely 

2009). Infants – who are the most common learners considered under the natural pedagogy 

theory – have an early sensitivity to pay increased attention to ostensive-communicative cues 

expressed by a demonstrator toward them. By contrast, adults – who are the most common 

teachers – intuitively use such cues toward infants when they intend to teach something 

(Gergely & Csibra 2006). This ‘ritual’ can be important to make sure that the recipient is 

prepared well enough to get the message. The referential cues are appropriate to identify the 

referent of the demonstrated action. These inform the ‘learner’ what is new and relevant in the 

demonstration, thus what is worth to learn.  

Interestingly, family dogs that share the social environment with humans also proved 

to be sensitive for the ostensive-communicative and referential cues (Miklósi & Soproni 

2005; Topál et al. 2009a; Szetei et al. 2003; Erdıhegyi et al. 2007).  

The domestication theory of dogs (Miklósi et al. 2003) states that dogs evolved traits which 

increased their chance for survival in the anthropogenic environment. This led to behavioural 

changes; dogs accumulated new socio-cognitive skills that are similar to human socio-

cognitive behaviours (Miklósi & Topál 2012). Therefore the domesticated dog is a suitable 

subject for a convergent behavioural modelling with humans for at least three reasons (Topál 
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et al. 2009a): 1) dogs and humans share the same social environment with the same socio-

cognitive challenges, 2) dogs and humans show convergent evolutionary processes; they are 

phylogenetically distant species that developed similar behavioural traits due to adaptation to 

the same socio-cognitive environment, 3) they not only share similar behavioural traits but 

they show a complex level of behavioural similarities (‘Dog Behavioural Complex’ – Topál et 

al. 2009a).  

 

General objectives 

 

In my doctoral thesis I have two main aims; 1) to test predictions of the natural 

pedagogy theory experimentally and investigate factors or conditions that may influence 

pedagogical learning in infants, 2) to compare the reliance and interpretation of 

communicative cues of dogs and human infants to obtain a deeper understanding of the 

functions and mechanisms involved into these information transmitting systems.  

Through my studies I use two different approaches. First, I compare different age groups of 

human infants and dogs in identical experimental conditions related to natural pedagogy 

theory. In order to test the effect of the communicative cues on the behaviour of dogs and 

infants I vary communicative vs. non-communicative contexts through the demonstration 

situations of all studies. Second, I introduce  variables (such as the presence/absence of the 

demonstrator or the complexity of the task) which were previously reported to affect at least 

one of the subject groups’ behaviour related to these human communicative cues, however, 

they have been never tested systematically in both communicative and non-communicative 

situations.  

I carried out this comparative method through three levels by conducting three studies; 

1) the level of sensitivity and responsiveness (Study 1); 2) the level of interpretation of the 

cues (Study 2); 3) the level of interpretation of the transmitted information in dependence on 

the communicative cues (Study 3).  

 

Study 1: Dogs’ gaze following behaviour depends on the communicative context of the 

demonstration 

 

Téglás, E., Gergely, A., Kupán, K., Miklósi, Á., Topál, J. (2012). Dogs’ gaze following is tuned to human 

communicative signals. Current Biology, 22, 1-4. 
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On the first level I compare dogs’ sensitivity and responsiveness on the 

communicative cues to human infants. It is essential to test whether dogs and infants are 

similarly receptive and responsive using the same methodology for detecting deeper mental 

processes. This study examines the sensitivity of dogs to ostensive-communicative and 

referential cues with an eye tracker technique (Tobii X50 Eye Tracker; Stockholm, Sweden). 

The protocol of this study follows the methodology and set up previously used in human 

infants by Senju and Csibra (2008). This makes it possible to compare the reactions of dogs 

and infants in an indirect way. The study of Senju and Csibra (2008) on 6.5-month-old infants 

revealed that their gaze following behaviour is demonstration sensitive; they were more likely 

to follow the gaze direction in a communicative, than in a non-communicative situation 

(Senju & Csibra 2008). Since dogs – similarly to human infants – turned out to be sensitive on 

the human communicative cues (see Introduction) we presume that they will show parallel 

behaviour to human infants in this situation. 

Eye-gaze data of dogs (N = 15) in the ‘experimental group’ were considered for 

analysis. They received two blocks of six trials in both communicative and non-

communicative conditions. Each trial presented video recordings contained: 

I. an introductory phase: the model had two pots on each side and faced down in a still 

position, 

II. an “addressing phase”:  

a.) in the communicative condition the model raised her head, looked straight at 

the dog, and addressed the subject (‘‘Hi dog!’’) in a high-pitched voice and 

b.) in the non-communicative condition with her head facing down, the model 

addressed the dog using low-pitched voice (‘‘Hi dog!’’) while a salient moving 

image was overlaid on the head, 

III. a cueing phase: the model turned her head toward one of the two containers and 

remained motionless while showing neutral facial expression. 

 

Results: 

• In the addressing phase, dogs spent similar amounts of time gazing toward the human 

actor in the two conditions. 

• Subjects looked longer to the gaze-congruent area than to the gaze-incongruent area 

after having seen communicative addressing but not after the non-communicative 

condition where they spent similar length of time watching the gaze-congruent and the 

gaze-incongruent areas. 
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• A similar analysis on dogs’ first look did not reveal any significant bias toward the 

gaze-congruent area in communicative or in the non-communicative conditions. 

• A within subject analysis of the cumulative looking time in the two experimental 

conditions was run on the 11 subjects that gave valid data in both conditions. This 

analysis shows that dogs were more likely to follow the model’s gaze in a gaze-

congruent manner in the communicative than in the non-communicative condition. 

However, no difference was found between conditions for the first look. 

 

Study 2: The effects of human demonstrator and communicative cues on the choice 

behaviour of dogs and infants: a comparative study 

 

Kupán, K., Miklósi, Á., Gergely, G., Topál, J. (2011). Why do dogs (Canis familiaris) select the empty container 

in an observational learning task? Animal Cognition, 14, 259-268. 

 

The second level is to compare directly the interpretation of the communicative cues 

in dogs and infants. The natural pedagogy suggests that communicatively presented 

information evokes long lasting learning in infants; they interpret this situation as a teaching 

context (Király et al. 2004; Csibra & Gergely 2009). Dogs also tend to follow 

communicatively presented demonstrations; similarly to infants they even copy a seemingly 

less effective solution when it was demonstrated in a communicative context (Király et al. 

2004; Erdıhegyi et al. 2007). However, there is little information whether (similarly to human 

infants) they interpret these situations as an intention of teaching from the demonstrator’s side 

or as a command of the demonstrator which ordains a specific behaviour in that concrete 

situation. In case of learning it is presumable that copying the demonstrator’s solution is 

independent from the demonstrator and the context of the demonstration, while in case of 

obeying a command the copying behaviour is demonstrator- and context-dependent. 

Therefore two independent variables were tested in this study; a) the communicative nature of 

the demonstration (‘communicative’ vs. ‘non-communicative’) and b) the presence/absence of 

the demonstrator during the test phase. 

In this study the behaviour of three subject groups were compared: adult dogs (N = 

62), 14- (N = 49) and 18-month-old infants (N = 55). Subjects could repeatedly see how a toy 

object can be retrieved from under an opaque container by the manipulation of a distant and 

apparently empty and transparent one (the two containers were invisibly connected by a 

pulley system therefore when the demonstrator pulled the empty one the baited one rose up). 
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This less efficient and causally opaque solution to the problem was presented by a 

demonstrator who either manifested her communicative intent during demonstration or 

avoided to use any ostensive communicative referential signals. During the re-enactment 

phase subjects were allowed to manipulate the experimental set up either in the presence or in 

the absence of the demonstrator. Their choice behaviour was analysed; whether they prefer 

the demonstrated solution (choosing the empty container) or the individual solution (choosing 

directly the baited container).  

 

Results: 

• Analyses of the 18-month-old group showed significant interaction between the effect 

‘demonstrator condition’ and ‘presence/absence of the demonstrator’ variables; 

a) more infants chose the empty container (the demonstrated solution) in the 

‘communicative / not present’ group than in the ‘non-communicative / not 

present’ group, 

b) higher number of infants chose the empty container (the demonstrated 

solution) in the non-communicative  ‘present’ than in the  ‘not present’ group, 

c) there was no difference between the communicative ‘present’ vs. ‘not present’ 

groups, they rather preferred the empty container in both cases. 

• Analyses of the 14-month-old group showed no effect of the ‘demonstrator condition’ 

and ‘presence/absence of the demonstrator’ variables on their choice behaviour. Their 

behaviour appeared to be random in all four experimental situations. 

• Dogs’ choice behaviour turned out to be affected by the ‘demonstrator condition’ 

variable but not by the ‘presence/absence of the demonstrator’; they were more likely 

to choose the empty container (the demonstrated solution) after a communicative 

demonstration than after a non-communicative one independently from the 

presence/absence of the demonstrator during the choice.  

• The choice behaviour of dogs and 18-month-old infants was comparable in the 

‘communicative / present’ situation where both of them rather chose the empty 

container. Furthermore, in the ‘non-communicative / not present’ situation where they 

all preferred the individual solution and chose directly the baited container. In the 

other two situations (‘communicative / not present’ and ‘non-communicative / present’ 

lower number of dogs than 18-month-old infants chose the empty container. 
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Study 3: Feature or location? Effects of the ostensive-communicative and referential 

cues on the learning and searching strategy of infants and dogs 

 

The third level proposed to examine how different subject groups interpret the 

information they received in the communicative situation based on the generalization 

hypothesis of natural pedagogy theory (Csibra & Gergely 2009). The generalisation 

hypothesis suggests that communicative cues transfer generic knowledge; they emphasize the 

general properties of a certain object which can be transmitted for all objects of the same kind. 

Therefore, they teach about the featural attributes of the object as the generalizable property 

of them (Csibra & Gergely 2009). When infants observe a communicative demonstration 

where an object is involved they attend to learn about the featural attributes (e.g. colour or 

shape) as a permanent property of the certain object. In contrast, non-communicative 

demonstration triggers learning about the location of the object. The purpose of the study is to 

reveal whether the subjects follow the feature or the location of the object depending on the 

communicative nature of the demonstration.  

In order to test this hypothesis we created a ‘Container transfer’ experiment (see Haun 

et al. 2006); we used two containers of different in their colours or transparency and after 

demonstrating a bait of (or a retrieve from) one of them we invisibly switched the locations of 

the two containers. In this way we had possibility to test whether subjects search for the 

hidden object based on the colour of the baited container (which was in a different location at 

the time of the choice – feature-based search) or based on the location where the baited 

container was seen at the time of the hiding event (location-based search).  In Experiment 1 

we tested dogs (N = 35) and infants (12mo.: N = 10 and 18mo.: N = 12) understanding of a 

simple switch event between a transparent and an opaque container after they observed a 

direct bait of the opaque one. In Experiment 2 we tested whether 19-month-old infants (N = 

28) can generalize a tool-use task (the same task as in Study 2). The subjects observed a 

demonstration where manipulation on the empty and transparent container resulted in the 

appearance of the reward object from the baited and opaque container – when the locations of 

the containers were invisibly switched after the demonstration. In order to see the effect of the 

switch event on the subjects’ behaviour we compared this group to the ‘communicative / 

present’ and ‘non-communicative / present’ groups of 18-month-olds in Study 2. In 

Experiment 3 we used two opaque containers painted with different colours. The main 

question was which strategy the subjects (13mo.: N = 30; 19mo.: N = 34; 5yo.: N = 26 and 

adults: N = 41) use to find the hidden reward in a situation: feature-based or location-base 
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strategy. In all three experiments we varied the presence / absence of the ostensive-

communicative and referential cues.  

 

Results: 

• Experiment 1: Infants chose the baited container more often independently from the 

demonstration context; whereas dogs’ choice behaviour was random in both 

communicative and non-communicative situations. 

• Experiment 2: We found no significant effect of the demonstration condition on the 

side choice of infants but we found marginally significant effect of the ‘switch / no 

switch’ factor. Infants were more likely to go to the ‘non-demonstrated side’ after the 

containers were switched invisibly. 

• Experiment 3: Analysis of the subjects’ first choices revealed a significant effect of 

the demonstration context; subjects chose based on the location more often in the non-

communicative context than in the communicative one. However, there was no 

difference between the age groups in their searching strategy. 

• Analyses of the container choices within each groups revealed that none of the groups 

in any demonstration conditions showed preference toward any of the containers, the 

choices of subject groups in both communicative and non-communicative situations 

were not different from the random expectation.  

 

Discussion 

 

On the level of sensitivity and responsiveness (Study 1) using indirect comparative 

analysis I found high level of similarities between dogs and infants in line with earlier studies 

(Lakatos et al. 2009, Topál et al. 2009b). The result confirms that 1) communicative cues 

evoke selective attention in dogs as in human infants; dogs are more likely to follow 

referential cues when those were introduced with communicative cues (see also Kaminski et 

al. 2012); 2) this selective responsiveness based on the presence/absence of the 

communicative cues might be interpreted as evidence that dogs – similarly to infants - 

comprehend them as communicating intentions (see also Senju & Csibra 2008; Lakatos et al. 

2009). This supports the hypothesis that during the socialization process infant-analogue 

communicative system developed in dogs as a result of sharing the same socio-cognitive 

environment.  
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On the level of interpretation of the cues (Study 2) the results suggested that there can 

be different motives behind similar reactions in case of dogs and infants (see also Topál et al. 

2009b). The results of the older infant groups are in line with the suggestion of the natural 

pedagogy theory as they have strong expectation that communicative demonstration teaches 

something new and relevant for them, and they copy the demonstrated action in order to learn 

from it independently from the presence of the human demonstrator (Király et al. 2004; 

Király 2009; Csibra & Gergely 2009). In contrast, in case of dogs copying the demonstrator’s 

behaviour is probably driven by the motivation to synchronise behaviour or to fulfil a higher 

imperative given by the demonstrator which appears only in communicative situation when 

the demonstrator is present (Topál et al. 2009a, b). This motive can suppress the urge to attain 

the reward in the easiest way. In contrast, infants copy the observed solution in order to 

reproduce the same goal. This form of social influence by humans on the behaviour of dogs 

may be advantageous to avoid conflicts and strengthen cooperation between dogs and owners.  

On the level of the ability for generalization (Study 3) the results did not provide clear 

support for the hypothesis of the theory neither in dogs nor in infants. Dogs failed to follow 

the container switch and did not find the hidden object neither in communicative nor in non-

communicative situations (Experiment 1). This might be the result of their incapability for 

generalization; however, it may also be attributed to their perceptual difficulties to notice the 

switch between the containers. In the complex tool-use task (Experiment 2) where infants 

had to adapt their previously learnt knowledge into a changed situation (switched containers), 

they managed to follow the switch between the containers, however, this was independent 

from the presence/absence of the communicative cues. In Experiment 3 communicative cues 

might influence the subjects’ searching strategy as I found general effect of the 

communicative cues on their behaviour; however, I did not find either clear feature or location 

preference in any of the groups. Possibly individual preferences for a certain strategy may 

modulate the effect of the communicative cues. It is possible furthermore that colour (which 

was the only discriminative feature in this experiment) might not be a generalizable feature.  

The results of the infant studies suggest that infants rely on the ostensive-

communicative and referential cues flexibly and selectively, based on their existing cognitive 

abilities and their understanding of the demonstrated action. I propose that the negative results 

I found do not refute the theory as a whole. They rather suggest that some conditions (such as 

the developmental stage of the subject or the complexity of the task) constrain the 

effectiveness of information transfer by the means suggested by the natural pedagogy model. 
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