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Abstract 

The frequent and highly flexible use of communicative information transmission is a 

unique skill of the human species. Without it and without the underlying cognitive mechanisms 

it would be hard to cooperate, share information with others or teach new generations to acquire 

culturally relevant knowledge. Consequently, communication – again, with its whole cognitive 

machinery in the background – is a key to understand how humans became one of the most 

adaptive species that could spread across the world. 

Relying on this assumption, the theory of Natural Pedagogy proposes that 

communication has to have a presumably evolutionary ancient, innate basis to recognize 

communicative actions and to interpret them as conveying relevant and generic information. 

The present thesis applies these hypotheses, therefore investigates the communicative skills in 

humans and dogs in a comparative manner to identify what makes us able to recognize and 

interpret communicative information transfer. Particularly, the four studies described in this 

dissertation will address 1) whether dogs are also sensitive to social contingencies which can 

signal communicative information transmission, 2) whether for dogs – similarly to humans – 

ostensive cues can express communicative intention, 3) how dogs interpret human pointing, 

and 4) why human infants produce pointing. 

On the basis of these studies I conjecture that dogs might use the same ostensive cues 

that humans to identify communication, however they interpret the informative signals in 

communicative interactions differently. With this comparative empirical approach we might 

better understand the cognitive skills behind communication which – regarding humans – can 

be crucial to explain learning and teaching that enabled the accumulation of cultural knowledge 

in the different but diverse societies of our own race. 
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Introduction 
 

The flexible ability to intentionally transmit communicative information to others is 

undoubtedly a fundamental skill of the human species that helps us to teach, learn, make 

decisions, or build complex societies with huge efficiency. Presumably due to its broad 

relevance the principles and consequences of human communication have been investigated 

with theoretical and empirical methods by generations of scientists of different disciplines. 

Among these disciplines cognitive science has a major role, because it can unfold the biological 

basis of communication through the analysis of behavior and human brain. In the last few 

decades, probably as a result of the growing influence of the evolutionary approach in cognitive 

science, researchers started to study the characteristics of non-human communication also in 

order to understand better what is specific to humans and what is common among the abilities 

of different species in this domain. 

The present thesis would like to contribute to this comparative line of research by testing 

the communicative skills of dogs and human infants, particularly their understanding and use 

of ostensive signals and informative-referential gestures. The study of dogs and their 

comparison with humans is motivated by the fact that dogs evolved a set of highly refined social 

skills (Hare & Tomasello, 2005). This includes communicative abilities as well, which is 

supported by the findings of numerous empirical papers (e.g. Hare, Tomasello, 1999; Kaminski, 

Call, Fischer, 2004; Kaminski, Nitzschner, 2013; Miklósi, Kubinyi, Topál, Gácsi, Virányi, 

Csányi, 2003; Soproni, Miklósi, Topál, Csányi, 2001; Téglás, Gergely, Kupán, Miklósi, Topál, 

2012; Topál, Gergely, Erdőhegyi, Csibra, Miklósi, 2009) and also by our everyday experience 

about dogs’ sensitivity to words, referential gestures and ostensive cues. On this basis, the dogs 

seems to be a good candidate (Bräuer, Kaminski, Riedel, Call, Tomasello, 2006; Topál, Kis, 

Oláh, 2014) for an empirical research that aims to understand human-specific cognitive 
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mechanisms and differentiate those from processes that have a longer or at least different 

evolutionary history. 

This endeavor can be undoubtedly precious if we also take into account that modelling 

communication on a pure theoretical basis did not lead to the complete understanding of 

communicative information transfer among biological entities. Therefore, it is likely that 

cognitive science and in particular comparative studies could reveal relevant facts about the 

complex system of animal communication including humans. Considering the significant 

improvement of other subfields – switching from pure theoretical accounts to a more empirical 

investigation in biology – it seems plausible that the empirical investigation of issues in 

communication could be useful to make the theories of communication more precise and 

through that the application of those theories more fruitful. 
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What is communication 
 

Communication can involve a huge range of subjects and phenomena; for instance it 

can refer to verbal conversations, non-verbal signals, maps, symbols, or the contents of mass 

media (Stenning, Calder, Lascarides, 2006). Probably due to this wide focus, the concept of 

communication does not have a general and consensual definition in science. As a consequence, 

communication is often discussed on the basis of metaphors or its history of investigation. Here, 

we will follow two different scientific traditions to understand what communication is: a more 

technical one deriving from Information Theory (Shannon, 1948) and an evolutionary-based 

tradition which focuses on natural communication (Kull, 1999). 

 

The code model and the biological theories of communication 

The technology inspired description of communication can be familiar even for those 

who have never learnt about information theory, as it formalizes our basic intuitions about 

communicative information transfer. It proposes a simple framework of communicative 

interactions which includes a sender, a receiver, and a more or less noisy channel that connects 

them (Bradbury, Vehrencamp, 1998; Hailman, 1977). That is, this is model is based on the 

conduit metaphor of communication (Reddy, 1979) as it emphasizes the importance of the 

channel which can transfer information among sender and receiver and investigates the 

properties of that channel with regard to the efficiency of information transmission. 

A crucial assumption behind this framework is that codes are travelling through the 

channel to convey information. Therefore, the sender has to encode its messages using a code 

set which is also known by the receiver, and emit those codes on a specific communicative 

channel to reach the receiver who will be able to decode all the messages then. Importantly, – 
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although sometimes errors occur during the encoding or decoding processes, and more often, 

there is noise in the channel which can reduce the efficiency of information transmission – when 

a code sequence is successfully decoded the intended meaning of the message can be entirely 

recovered by the receiver based purely on the codes. Understanding the other according to this 

framework, thus, does not require more than recognizing the codes emitted by the sender, that 

is why it is also known as the code model (Blackburn, 2007). However, despite of the success 

of the code model in the realm of technology, it is unclear how it can be applied to human 

communication or more generally to natural communication. 

From a biological perspective it is not evident that the technical description of 

communication can be sufficient. For instance, in the literature of animal communication it is 

an open question whether the concept of information is needed at all to describe communicative 

interactions (Owren, Rendall, Ryan, 2010; Rendall, Owren, Ryan, 2009). As information – in 

the technical sense – involves codes or code sequences that are emitted in order to refer to an 

event or object, theorists raised the question whether signals of animals, such as an alarm call, 

have a similar referential function or they simply trigger an emotional response in the receiver 

(Owren, Rendall, 1997). Based on studies that found sensitivity to specific sounds and pitches 

in the nervous system of non-human animals showing that certain auditory signals can 

inherently affect attention and emotion through direct neural pathways (e.g. Cheng, 2008; 

Wilczynski, Chu, 2001), theorists of animal communication proposed that the signals of non-

human species are not to inform (c.f. Carazo, Font, 2010; Seyfarth, Cheney, Bergman, Fischer, 

Zuberbühler, Hammerschmidt, 2010) but to influence other individuals (Rendall, Owren, Ryan, 

2009). 

They argued that sound signals might have co-evolved with the sensitivity to them 

(Scott-Phillips, Blythe, Gardner, West, 2012) leading to the development of communicative 

systems which are similar to human language on the surface, as they are functionally referential 
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but have different underlying principles on the neural and also on the cognitive level. Although, 

this alternative view is not accepted by all experts in the field (Scarantino, 2010; Scarantino, 

Clay, 2015), because it cannot account for all the communicative behaviors in the full range of 

non-human animal species (e.g. it cannot accommodate deception, see Carazo, Font, 2010), it 

sheds light on a core problem of the code model. 

A further assumption of the code model is that communication involves symbols that 

are arbitrary (in a sense that there is no systematic relation between a code and referent), 

referential (that is codes refer to an object or event in the environment), and have a fixed 

meaning for all the participants of the communicative interactions. However, these properties 

were presupposed because the code model was created to formalize a very specific case of 

human communication: the information flow from an officer to a subordinate in an army by 

using, for instance, a radio. Although the arbitrariness, referentiality, and consensuality of 

signals are, indeed, fundamental properties of human languages, but obviously, natural 

communication is more than human language. Moreover, communication in an army is not the 

best example of communication as it implies that language is rarely ambiguous, however this 

is not an axiom but rather a consequence of the context in which it is required to be as clear as 

possible. 

Consequently, the code model is unable to address how a communicative system 

emerges because it is not possible to have unambiguous, complex, arbitrary and referential 

signals as a predefined code set from the beginning. Instead, as it was suggested above, 

communicative actions and the responses to them must have evolved slowly together, as they 

started to increase the chance of survival or reproduction rate to become appropriate signals. 

For instance, ritualization of previously instrumental actions and sensory manipulation could 

be two potential mechanisms that might have resulted in the development of communicative 

signals (Maynard Smith, Harper, 2003; Scott-Phillips, Blythe, Gardner, West, 2012). 
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A prototypical example of ritualization in animals is when a given individual marks its 

territory with urine. This behavior probably originated in the “meaningless” instrumental action 

that served the maintenance of physiological homeostasis. However, because the presence of a 

particular individual and the presence of its urine in a given territory were highly correlated, 

and since the odor of a particular individual’s urine was unique, the sensitivity to such samples 

could have helped to identify the territory of a given animal. As a reaction, a now ritualized and 

thus communicative urination behavior could emerge through evolutionary pressures on 

selection which relied on the above sensitivity and stabilized this communicative cue in a given 

population. 

Another example of developing a communicative signal from a simple instrumental 

action is sensory manipulation, for instance the offering of edible gifts by males to females in 

several insect species. The offering action of males presumably attracted females because the 

food item gave an opportunity to the female to eat, but in turn, the chance of the male insect to 

mate also increased, because the female remained still while she consumed the prey. Therefore, 

offering originally might have been a purely instrumental action. Nevertheless, a male that gave 

a gift to a female had an advantage in sexual selection as they had a higher number of 

descendants on average. As a consequence, a gift became required by the female insects, 

moreover they developed a sensitivity to assess the quality of the gift as it could also indicate 

whether the male is healthy and powerful enough. Therefore, during the course of evolution the 

offering behavior could have acquired a communicative function as the quality of food become 

a signal. 
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The code model and human communication 

Such mechanisms of the emergence of communicative signals, thus, cannot play vital 

role in the development of human communicative signals, because humans use ten thousands 

of signals and some of them do not have specific referent in the environment. Moreover, 

humans can flexibly produce an infinite number of utterances in line with their informative 

intention and with the actual context. Therefore, one might call into question the idea that the 

code model can provide a sufficient framework even for full-blown human communication. To 

demonstrate this, I would first examine a single utterance from a fictive human conversation 

before analyzing why it is hard to apply the code model on human language based on recent 

theoretical and empirical findings. 

Imagine a situation in which human radio amateurs are having a conversation about 

something in their native language using their devices speaking while a third radio amateur 

(who is also a native speaker, thus a professional language user) accidentally overhears a tiny 

bit of the conversation: “Go along that street”. The code model predicts that this particular 

sequence of codes would be enough 1) to understand what the two radio amateurs are talking 

about, 2) to identify the referent of the utterance, and 3) to have the same (behavioral or 

cognitive) effect on the receivers of this message if they can properly hear and understand the 

signals. However, it is quite obvious from the above example that extracting the meaning of a 

communicative signal sequence is not so straightforward. First of all, it is not possible to 

identify (a subset of) the referents. From this code sequence alone no one would be able to 

recognize the particular street the radio amateurs are talking about, or the direction they should 

go, or how they should do this. Second, it would be impossible to decide who the addressee is 

or who they are, not to mention that it would be even harder to recognize whether this sentence 

is communicative at all, or whether it is a non-communicative act to check if the radio device 

is turned on or whether it is fully functional. Third, the speaker’s intentions would also remain 
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unclear for the receiver in this case, and it would be hard to decide why this information is 

important to share. It could be a joke, an ironic or a deceptive claim. Although this latter 

problem was explored on the basis of Paul Grice’s works (e.g. Grice, 1957) later than the birth 

of information theory, it is still crucial as it also points toward a general theoretical problem 

with the code model. 

In abstract terms, the code model suffers from the underdeterminacy of human 

communication (Scott-Phillips, 2014). Although, as it was pointed by many epistemologists 

(e.g. Descartes, 1641/1996) underdeterminacy is a general problem of our perception, in 

communication and pragmatics this notion refers to underdeterminacy related to language, in 

other terms, it is about semantic underdeterminacy (Bach, 1994; Recanati, 2002). In accordance 

with that, neither the referents in an utterance (Quine, 1960) nor the communicative and 

informational intentions (see Csibra, 2010 and below) of communicators can be identified based 

only on the code sequences that human language users form. According to this view most of 

the sentences in natural languages do not have a single and precise meaning (Vicente, Martinaz-

Manrique, 2005). Consequently, communicators have to rely on their innate biases and 

sensitivity to certain communicative cues (Csibra, Gergely, 2006, 2009, 2011) while using their 

cognitive-inferential capacity to recover the meaning of a given utterance (Sperber, Wilson, 

1986). In line with this theoretical framework, natural communication can be more thoroughly 

understood from an evolutionary perspective than from a technical point of view, as 

communication does not simply involve cognitive and biological principles which have great 

impact on the understanding and production of communicative actions, but also relies on them. 
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Pragmatic-inferential theories of communication 
 

The Gricean turn 

The recognition of the relevance of evolutionary constraints on natural communication 

is, interestingly, rooted in the analysis of human communicative actions. Grice, in his 

groundbreaking early works (Grice, 1957, Grice, Strawson, 1957) proposed that human 

utterances are not simply code sequences that can be either true or false, but also the expressions 

of the utterers’ intentions which can have different (true or false) interpretations at the same 

time. As a consequence, a communicative partner has to recover the utterer’s intended meaning 

rather than “decoding” the symbols used by the speaker. This also has a significant effect on 

the utterer because she has to select those signals which are assumed to be sufficient for 

expressing her intentions. 

These steps make communication a cooperative enterprise which relies on the 

manifestation and reading of communicative intentions. According to Grice this is the so-called 

Cooperative Principle of communication which can be summarized as follows: “Make your 

conversational contribution such as is required, at the stage at which it occurs, by the accepted 

purpose or direction of the talk exchange in which you are engaged” (1989, p. 26). He assumed 

that this principle involves four rules or maxims which should be followed in order to act in 

line with the cooperative principle. These maxims are the maxim of Quality, Quantity, Relation, 

and Manner, which prescribe to tell the truth, be concise and precise at the same time, while 

being relevant and perspicuous. The violation of the four maxims, however, would not result in 

a meaningless utterance or the collapse of communication by necessity. Rather, it could induce 

an inferential process in the addressee to understand what intended meaning the utterer would 

like to convey. For instance, if one says “this is a peaceful place”, standing next to a highway 

during rush hour, she might violate the Maxim of Quality intentionally referring to the huge 
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noise and smog. Thus, because the literal meaning of this sentence would be obviously false, 

the addressee could infer that the utterer was ironic, and he might want to emphasize that the 

place is not suitable for long rests. Importantly, this interpretation is based on the intentions that 

are attributed to the communicative partner. In the example above, we can assume that the 

utterer wanted to find a peaceful place, and nevertheless, she intended to communicate 

something that is important also to the addressee. Without the attribution of these intentions it 

would not be possible to understand her. 

This new idea, the emphasis on the communicators’ intentions (Grice, 1969, 1971), 

opened a new window on the understanding of natural communication, because Grice’s deep 

insight shed light on crucial facts about communication. On the one hand, he highlighted that 

human communication involves intentions and abilities to read those intentions, which implies 

that communication is more than coding and decoding signal sequences; it is an inferential 

process. On the other hand, Grice’s work elucidated that such an inferential process is bounded 

by biases and communicative norms that guide language users in their communicative 

behaviors. 

The framework of Grice also inspired new theories to describe human language use. 

The so-called neo-Gricean theories of pragmatics tried to define the maxims of communication 

more thoroughly, or even reduce the number of those (see Blutner, 2000; Levinson, 2000; Horn, 

2003; Huang, 2006). However, none of them was as influential as the original theory of Grice 

or later the Relevance Theory – proposed by Sperber and Wilson (1986, 2002) – which not 

simply refined Grice’s original theory but also placed it in a cognitive context. 
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Relevance theory 

Relevance Theory was formalized on the assumption that human communication is 

based on the domain general tendency to behave in an efficient and economic manner, which 

in turn makes us able to form inferences about communicators on the basis of our knowledge 

and the knowledge attributed to others. Thus, according to Sperber and Wilson (1986), 

communication is similar to other high-level cognitive skills as it relies on inferences and not 

purely on the actual, perceptual input. The theory, thus, is based on how communicators 

perceive the physical and social context in relation to previous experience and expected 

outcomes, as this can change how an utterance is formed or interpreted. Although these claims 

have obvious similarities with the assumptions of other pragmatic theories, Sperber and Wilson 

(1994) criticized Grice and neo-Griceans because of the vagueness of their maxims. They 

claimed (Wilson, Sperber, 1994) that the strict and context-independent maxims cannot be 

applied as laws of communication because without the further understanding of each and every 

particular situation in which communication could occur, it is often hard to decide which 

utterance could be compatible with the cooperative principle. 

Moreover, they also suggested, and empirical data later supported (e.g. Gibbs, 1994; 

Gibbs Tendahl, 2006), that Grice’s theory is different from humans’ cognitive functioning. For 

instance, Grice’s theory would predict slower processing of utterances that violate the Principle 

of Cooperation, since in the case of such violation a communicative partner should search for 

an alternative interpretation of a sentence. However, there is no clear evidence for such an 

increase in reaction times when someone has to process utterances with non-literal meaning 

(e.g. Gibbs, 1994; Gibbs Tendahl, 2006) which implies that Grice’s theory does not describe 

appropriately the “cognitive reality” of human communication (Noveck, 2001; Noveck, 

Reboul, 2009 but see Geurts, Rubio-Fernandez, 2015). 
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To solve these problems, Sperber and Wilson (1986) presupposed that human cognition, 

and more specifically human communication, is guided by a single yet powerful principle, the 

principle of relevance. Here, relevance has a narrow meaning referring to efficient 

communication which has the biggest effect for the smallest cost. Or in more precise terms, 

according to Wilson and Sperber (1994), the Relevance Principle holds that 1) “Other things 

being equal the greater the contextual effect the greater the relevance” and 2) “Other things 

being equal the smaller the processing effort, the greater the relevance”. 

On the basis of these two rules one can make an implicit cost-benefit analysis of 

utterances. This analysis is supposed to be vital in the understanding of messages because, 

similarly to other pragmatic theories Relevance Theory assumes that a given word or sentence 

can have more than one meaning. In fact, it is assumed that all the utterances have several 

meanings and can imply numerous different messages. To select from those potential meanings 

and to find the most similar interpretation to the intended message of the communicator, the 

addressee should apply the Principle of Relevance. For instance the statement “that was really 

strange” can refer to different phenomena. The meaning of this sentence is not simply 

influenced but determined by the context. It could refer to objects, actions, unexpected events, 

consequently, it is not possible to understand it based on the codes themselves. The addressee, 

when hearing this sentence, therefore, has to use his knowledge about the communicative 

partner and about the context to recover the intended message. 

 Meaning the Relevance Theory 

Relevance Theory presupposes that communicators are aware of and continuously track 

three main factors that can contribute to the understanding of communicative actions (see e.g. 

Yus Ramos, 1998). First, it is assumed that communicators rely on their knowledge about the 

situation in which the communicative act takes place. The same exclamation “hurry up”, thus, 
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could serve different purposes when it is used at an airport or when it is said to an employee 

sitting in an office in front of his computer before an important deadline. 

Second, Relevance Theory stresses the significance of intentions similarly to Grice (see 

also Bach, Harnish, 1979; Croddy, 1988), moreover it also elaborates this assumption, 

proposing a difference between communicative intention (Kuroda, 1989) and informative 

intention. The informative intentions of communicators are those that make a set of assumptions 

manifest to the audience (Sperber, Wilson, 1987). Practically, the notion of informative 

intention involves all the communicative actions (for instance speech or gestures) that convey 

new and relevant information about a certain referent. In contrast, communicative intention 

makes the informative intention itself manifest to others (Sperber, Wilson, 1987). In less 

technical terms, the expression of communicative intention involves signals that indicate the 

beginning of a communicative interaction or that certain (informative) signals are produced 

with a communicative purpose. This, namely the presence and explicit use of signals to express 

the communicative intention of someone, is often called ostension (Yus Ramos, 1998). 

According to the Relevance Theory, ostensive communication can be manifested by any 

means that is intentional and non-instrumental. Since humans are sensitive to intentional 

(Behne, Carpenter, Call, Tomasello, 2005; Carpenter, Akhtar, Tomasello, 1998; Gergely, 

Bekkering, Király, 2002) and instrumental, goal-directed actions that are efficient (Csibra, 

Gergely, Bíró, Koós, Brockbank, 1999; Gergely, Nádasdy, Csibra, Bíró, 1995; Gergely, Csibra, 

2003) from very early on, it seems plausible that ostensive signals can be differentiated from 

non-communicative behavior even by infants or toddlers. This would render communication 

recognizable and possible to discriminate informative signals from non-informative (e.g. 

instrumental) signals. As I will discuss it later, this account about ostensive signals is not 

flawless but highly significant, because it identifies a core problem of communication: the 

identification of communicative behavior and its differentiation from other non-communicative 
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actions. Importantly, Sperber and Wilson’s account proposes a solution to this serious issue, as 

they describe how one can recognize communication and discriminate it from non-

communicative actions. 

The third important aspect emphasized by the Relevance Theory is that communication 

presupposes mutual knowledge (Yus Ramos, 1998) or common ground (Keysar, Barra, Balina, 

Paek, 1998; Kreuz, Kassler, Coppenrath, McLain Allen, 1999; Lee, 2001; Stalnaker, 2002). 

Here, common ground refers to the phenomenon that human communicators on the one hand 

represent other’s knowledge (for instance about the context in which communication takes 

place) while on the other hand they also take into account the overlap and difference between 

their and the communicative partner’s knowledge. Although it is hard to give an appropriate 

analytical definition about what mutual knowledge is, since all the previous approaches resulted 

in an infinite regress (see e.g. Clark, 1982; Davies, 1987; Garnham, Perner, 1990; Gibbs, 1987), 

empirical evidence suggest that even preverbal infants are sensitive to the beliefs attributed to 

others and this has a clear effect on their behavior. This suggests that common ground can be 

represented on the basis of existing cognitive skills and used for communicative purposes. 

The first evidence to show such an ability in infancy was provided by Onishi and 

Baillargeon (2005), who, in contrast to previous approaches (e.g. Perner, 1991; Perner, Leekam, 

Wimmer, 1987; Wimmer, Perner, 1983), investigated 15-month-old infants’ looking behavior 

in a theory of mind task. They found that infants expected belief-congruent actions from an 

observed protagonist when they watched how she is searching for an object in two boxes. 

Crucially, this was also the case when the beliefs of infants about the location of the target 

object differed from the attributed belief of the observer about the location of the same object 

(Baillargeon, Scott, He, 2010). Thus, infants expected that the protagonist should behave in line 

with her own belief and not in line with the belief of the infant. This suggests that humans are 
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born with the capacity to track the knowledge of others which is assumed to be a crucial 

prerequisite of human communication by the Relevance Theory. 

Although these results and their implications generated a significant debate in the 

literature (see Apperly, Butterfill, 2009; Carruthers, 2015; Rakoczy, 2011), since originally a 

theory of mind capacity was found only in 4-year-olds (Perner, Leekam, Wimmer, 1987; 

Wimmer, Perner, 1983), Kovács, Téglás and Endress (2010) found false belief attribution to an 

animated agent in 7-month-olds as well. Their findings supported the conclusion of Onishi and 

Baillargeon (2005), moreover underpinned the idea that humans are able to monitor the 

difference between their own and others’ knowledge implying the possibility to represent 

common ground. Consequently, the above findings supported the framework of human 

communication proposed earlier by the Relevance Theory, in which the sensitivity to the 

context of communication and the skill of communicative mind-reading make it possible to 

infer the appropriate interpretation of an utterance based on the set of possible meanings of a 

particular utterance for a given communicator. 

Crucially, according to the theory this is a two-way process, so both the communicator 

and the addressee apply the relevance principle in order to produce meaningful but efficient 

communicative actions and to understand those appropriately. A further consequence of this 

strategy is that all the utterances will be considered as meaningful and relevant because the 

addressee will expect that the utterances are formed efficiently with a certain intention to 

express, even if their meaning implies something else than the logical interpretation of the given 

utterance. 

For instance, the meaning of “they have lost some of my keys” is compatible also with 

the event of losing all the keys and also of losing a part of the keys, as “some” includes “all”. 

However, it would generate a stronger cognitive effect to say “they have lost all my keys” with 
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the same effort than saying “they have lost some of my keys”. Therefore, the interlocutors 

should tend to use “some” in situations when its meaning is narrowed to “some but not all” and 

taking this intention into consideration, the addressee would interpret the word “some” alike. 

These so-called scalar implicatures (Noveck Reboul, 2009) and the use of them (Bott, Noveck, 

2004; Chierchia, 2004; Noveck, Posada, 2003) supports the predictions of the Relevance 

Theory suggesting that communication and the understanding of communicative signals are, 

indeed, based on the relevance principle: to make the biggest cognitive effect by the least effort. 

 Principles of human communication and the evolution of communication 

From a broader perspective it seems that the evolution of communication might be based 

on similar fundamental mechanisms. According to Scott-Phillips’ (2010) analysis, natural 

communication has three main principles that are true to communication among all biological 

entities: the principle of maximal impact, the first principle of pertinence and the second 

principle of pertinence. The principle of maximal impact holds that in order to be adaptive, a 

communicative signal should trigger a significant effect in the receiver. Without such an effect 

a communication system would collapse. Similarly, a communicative system would not be 

adaptive if the addressee did not attribute an interpretation to the signals that maximize 

pertinence – in line with the first principle of pertinence. If one would consider a given signal 

deceptive every time it occurs, that signal could not become the part of a signal set because it 

would be meaningless. Moreover, all the signals should be interpreted as pertinent on average 

to be reasonable to process them because only this can maximize the payoff of the addressees, 

and this is what the second principle of pertinence poses. 

Examining closely the three main principles of natural communication, their similarity 

with the assumptions implied by the relevance principle seems quite clear. The maximization 

of impact and the expression of signals’ pertinence bear a resemblance to the cost-benefit 

analysis of communicative behavior suggested by the Relevance Theory. However, while the 
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former has an effect on an evolutionary scale, for instance in the emergence of new signals, the 

latter helps to understand how communication works among humans in their everyday language 

use. This similarity might be more than superficial and mean that efficiency is a key concept 

also in the domain of communication, both on the proximate and on the ultimate levels 

(Greenberg, 1998; Mayr, 1988; Tinbergen, 1963) of description. 

 

Pragmatics and development 

Although Relevance Theory can predict the behavior of adult human language users in 

a wide variety of situations, it cannot answer issues that are related to the development of 

pragmatic abilities, language acquisition, and language understanding in children or issues 

about the comparative aspects of communication in a congruent manner. These broad areas of 

science can be highly relevant not just because they can shed light on the characteristics of the 

phylogeny and ontogeny of communication, but also because they can underpin or undermine 

existing theories that neglected the developmental perspective. For instance, the above 

mentioned example of scalar implicatures was investigated by experimental methods in 

children leading to the unexpected result that children more often interpret different utterances 

literally than adults do (Pouscoulous, Noveck, Politzer, Bastide, 2007). 

One might argue that this result is a consequence (or a side-effect) of improvement in 

language-related skills, however, this might be a post-hoc explanation of a finding that implies 

more. It is also possible that the difference between adults’ and children’s interpretation of 

scalar implicatures suggest that pragmatic inferences are not (all) innate, therefore, 

communication might not be purely inferential from the beginning. Either alternative is true, 

pragmatics is worth to be investigated more thoroughly from a developmental and comparative 

point of view in order to understand the nature and specific characteristics of human 
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communication better. With such a motive a developmentally grounded theory of social 

interactions and communication can be described. And, indeed, this is what Michael Tomasello 

and his colleagues did (Tomasello, 2008). 

 

Tomasello’s theory on language development 

Tomasello approaches the riddle of communication with the assumption that the key to 

understand humans’ unique cognitive capacity – which allows them to interact and exchange 

information with each other by symbolic devices – can be found in the differences between 

adults and children and between humans and non-human animals, especially great apes. He 

proposes that the ontogenetic and phylogenetic differences between these populations can be 

originated from two main sources (Tomasello, Kruger, Ratner, 1993). 

First, human adults, in contrast to infants and non-human animals, have a refined mind-

reading ability (Tomasello, Carpenter, Call, Behne, Moll, 2005) which allows them to identify 

and understand others as entities with intentions (Carpenter, Akhtar, Tomasello, 1998; 

Tomasello, Rakoczy, 2003), goals (Carpenter, Call, Tomasello, 2005; see Csibra, Gergely, 

Bíró, Koós, Brockbank, 1999; Gergely, Nádasdy, Csibra, Bíró, 1995) and beliefs (Tomasello, 

1995). Perceiving others as such intentional agents is crucial to understand and predict their 

behavior appropriately, as the exact same action or the exact same utterance can have different 

interpretations that can only be distinguished if the observer can take into account the intentions 

of others. Tomasello argues (Tomasello, Carpenter, Call, Behne, Moll, 2005) that this, namely 

the recognition of intentions, is necessary to identify and attribute such more complex mental 

phenomena like goals, since goals or abstract goal-subgoal hierarchies can be also derived from 

intentions. Consequently, one can decide depending on the intention attributed to the observed 

protagonist whether an observed action, for instance handling an object to another agent was 
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giving, lending, hiding it from someone else, or has an other interpretation from the infinite 

number of possibilities. 

As the empirical results suggest (Behne, Carpenter, Call, Tomasello, 2005), infants 

older than six months are able to represent and attribute intentions to an adult who is handling 

objects to the child. This is suggested by the finding that infants react differently when the adult 

is unwilling rather than unable to give the toy to the infant. This might highlight the importance 

and early appearance of mind-reading abilities in infancy, at least in a non-communicative 

context, in line with the theoretical position of Tomasello. Importantly, similar results were 

found in non-human animals as well, particularly in chimpanzees (Call, Hare, Carpenter, 

Tomasello, 2004), which implies that such a differentiation among intentions is not a human-

specific skill. Accordingly, when a human experimenter was either clumsy and unsuccessful or 

unwilling to give food to the ape, chimpanzees behaved differently being more patient in the 

former in contrast to the latter condition. Other great apes (Call, Tomasello, 1998) seemed to 

show sensitivity to the difference between intentional and accidental signaling of food, selecting 

the indicated hiding place of the food reward when it was purposefully marked by the human 

experimenter rather than accidentally indicated by the same signal. 

This pattern of results therefore means that the understanding of intentions can be found 

early in ontogeny, and it is not a human-specific adaptation. Due to this, it cannot be the unique 

basis of humans’ outstanding cognitive skills. And indeed, according to Tomasello’s view the 

sensitivity to and understanding of others’ intentions provides only a necessary but not 

sufficient foundation of the human-specific set of cognitive skills. Beside the refined ability of 

mind-reading, humans are claimed to have a strong social motive to cooperate or act together 

with other individuals (Gilbert 1989; Searle 1995; Tuomela, 1995), which is described by and 

investigated under the concept of shared intentionality (Tomasello, Carpenter, Call, Behne, 

Moll, 2005). 
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 Shared intentionality 

Shared intentionality refers to those behaviors in which two or more individuals have a 

common goal or they have common intentions, and in the course of pursuing that goal they 

interact in a collaborative manner while representing both their own and the other’s mental 

states (Tomasello, Carpenter, Call, Behne, Moll, 2005). Actions that involve shared 

intentionality are rather diverse, from simple to complex, however, all of them implies a 

commitment among the parties about what to do and how to distribute the necessary sub-tasks 

to complete the ultimate goal. Shared intentionality (or with a different term: we-intentionality), 

therefore, can mean, for instance, a walk together in a park, playing football, repairing or 

designing an airplane, or having a conversation with others (Tomasello, 2000). 

Shared intentionality can have different forms during ontogenetic development. Its most 

basic type is the so-called dyadic engagement between two individuals through turn-taking 

interaction and emotion expression (Gergely, Watson 1999; Rochat, Striano, 1999; Trevarthen, 

1979, Watson, 1972, 1979, 1994). In this kind of engagement, which occurs relatively early 

during the human development (see Tomasello, 1999), interacting parties react to each other 

without having a shared goal or the same referent object in the world they are interacting about. 

Dyadic engagement is characterized by high levels of turn-taking contingency and variable 

verbal and emotional expressions (Hobson, 2002), therefore, some theorists refer to it as 

protoconversation (Tomasello, Carpenter, Call, Behne, Moll, 2005) since its structure shows 

some overlap with verbal conversations and can be observed in preverbal human infants. 

Later in life, from around 9-12 month of age (Tomasello, 1999) triadic engagements 

emerge, which differ from dyadic engagement in a crucial aspect. In triadic engagement the 

actions of the collaborative partners are aimed towards a shared goal or referent in the 

environment (Tomasello, Carpenter, Call, Behne, Moll, 2005). Triadic engagements can 

comprise communicative behavior as well, for instance the naming of objects or events 
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subsequent to pointing (Hay, Murray 1982; Verba 1994). During these interactions mind-

reading is fundamental in order to monitor what the other perceives and what aims the other 

would like to pursue. Therefore, the social motive to act together and the ability to mind-read 

are both present in these types of interactions. This duality makes triadic engagement unique 

and human-specific, according to Tomasello, since although other species also take part in 

cooperative actions sometimes (for instance, hunting together) and can be sensitive to what 

others’ perceive (see e.g. Bugnyar, Kortschal, 2002; Kaminski, Call, Tomasello, 2008; 

Krachun, Call, 2009; Melis, Call, Tomasello, 2006), they do not rely on both of these skills in 

the same task. Even apes are biased to use their mind-reading skills when they are in a 

competitive rather than in a cooperative task (Hare, Tomasello, 2004) which suggests that they 

do not cooperate on the basis of the goals attributed to other individuals (Tomonaga et al., 

2004). In line with Tomasello’s view (2008) this implies that the specificity of human cognition 

and the possibility to have complex and sophisticated cultures might be rooted in the duality of 

mind-reading skills with social motives that enables to share intentions with others and to 

produce cultural intelligence (Herrmann, Call, Hare, Tomasello, 2008). 

The empirical data about the third type of shared intention termed collaborative 

engagement directly supports this claim. Collaborative engagement emerges in humans around 

15 months of age and it shows all the human-specific features of adults’ joint interactions. In 

contrast to triadic interactions in which infants are rather passive, in collaborative engagements 

children actively initiate games and often have role-reversals during the common interaction 

with the adult (Tomasello, Carpenter, Call, Behne, Moll, 2005). For instance, children actively 

reverse their role with an adult, who first collects a toy with a basket then gives the basket to 

the child. In this case, children hold the basket for the adult in order to collect the toy for 

themselves, in other terms they reverse their role with the adult (Carpenter, Tomasello, Striano, 

2005). 
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Cooperative role-reversal, however, has a great impact on verbal behavior as well. As 

communication is a collaborative endeavor and it also requires the cooperative reversal of roles, 

the refined ability to perform such switches is a prerequisite of proficient language use. 

Moreover, to successfully perform role-reversals, a child also needs to rely on the ability of 

mind-reading to efficiently adapt her actions to the behavior of the other. In sum, during 

cooperative role-reversals a child has to use all of those skills that were hypothesized to be 

important in human communication by Tomasello and which are unique to humans (Tomasello, 

Carpenter, Call, Behne, Moll, 2005). Therefore, from Tomasello’s point view, verbal behavior 

and language is not simply an inferential process but a capacity which has evolved from shared 

intentionality and grounded in our biological heritage. In sum, Tomasello argues that the 

development of human language understanding and production has a deep connection with joint 

actions in general, and the evidence of that can be found in the three main phases described 

above. 

 Comparative aspects of Tomasello’s theory 

Furthermore, Tomasello emphasizes that the phylogenetic development has to be 

understood also in order to find the principles and characteristics of human communication. 

With regard to this issue he proposes that the ancestor of human language can be found in 

gestural rather than in vocal communication (Tomaello, 2008). Based on empirical findings he 

argues that gestural communication was probably available to early hominidae, because apes, 

for instance chimpanzees (Hobaiter, 2014; Tomasello, Gust, Frost, 1989; Tomasello, Call, 

Nagell, Olguin, Carpenter, 1994), bonobos (Pika, Liebal, Tomasello, 2005), and gorillas (Pika, 

Liebal, Tomasello, 2003; Genty, Breuer, Hobaiter, Byrne, 2009) can also use gestures in order 

to communicate, but they are less skillful in vocal communication. More specifically, he 

proposes that apes ritualize some of their instrumental actions, for instance intention-movement 

signals like arm-raise, to express the intention to initiate play or hand-beg, to express a request 
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for food (Call, Tomasello, 2007) in certain contexts. Nevertheless, it is important that ritualized 

intention-movement cues are learnt through shaping and they do not presuppose the 

understanding of the other’s perspective, therefore, intention-movement cues significantly 

differ from the consensual and often symbolic verbal or gestural signals of humans that are 

based on mutual mind-reading. 

However, there is evidence that great apes can use a subset of signals based on their 

knowledge about the other’s mental state, attention, and perception, although quite infrequently. 

The so-called attention-getter signals, like hand-clap or ground-slap, are produced to draw the 

attention of other individuals independently of the context, thus it is assumed that these signals 

are and not simply the ritualized versions of instrumental actions associated with a certain goal 

(Call, Tomasello, 2007) but flexible devices to express communicative intent. On rare 

occasions, attention-getter signals also involve triadic engagement while functionally referring 

to an object (Evans, 1997; Macedonia, Evans, 1993), for instance to a food item which is 

unreachable for an ape. This indicates at least a restricted capacity in great apes to communicate 

in a human-like manner. 

Because of this similarity, attention-getters are proposed to be the missing link between 

great ape and human communication (Tomasello, 2008), suggesting also that the cooperative 

model – which can describe human interactions and language use according to Tomasello – can 

be extended to some non-human species in some extent. In this model Tomasello (2008) 

underpins that the identification of communicative intention and the ability to take into account 

the mental state of others is crucial in order to infer what a signal could mean, as signal meaning 

could vary depending on the context. Thus, Tomasello has a similar framework about the 

cognitive machinery behind communication than the Relevance Theory (Sperber, Wilson, 

1986), however, Tomasello’s proposal also reflects on the huge phylogenetic differences while 

it tries to describe and explain them. 
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Tomasello’s theory is not comprehensive though. For instance, Gergely and Csibra 

(2005) criticized it because the theory explicitly suggests that communication relies on 

cooperation as if communication would be a sophistically evolved form of collaborative actions 

and the sharing of mental states. However, this is probably not the case. The ability to 

communicate relevant information is a prerequisite of refined cooperation. For instance, to hunt 

together, one has to be informed about the position of others which, in turn, can increase the 

efficiency of hunting in contrast to a situation where only non-communicative cues can be used 

for the same purpose. Therefore, Csibra and Gergely (2005) argues that the ability to 

communicate preceded the emergence of refined cooperation as, according to them, cooperation 

is hard without some kind of transfer of relevant information. In accordance with this proposal, 

Csibra and Gergely (2005) claim that humans’ unique cognitive set of skills can be rooted in 

the ability to communicate relevant information, which relies on the refined mind-reading 

skills. Nevertheless, as it was described above, a similar account of Sperber and Wilson (1986) 

could not coherently explain the ontogenetic and phylogenetic trajectory of communication 

related behavior. However, in contrast to Sperber and Wilson, Csibra and Gergely (2006, 2009, 

2011) developed a new theory that could solve this issue: the theory of Natural Pedagogy. 

 

Natural Pedagogy 

Csibra and Gergely’s theory (Csibra, Gergely, 2006, 2009, 2011; Gergely, Csibra, 2005, 

2006, 2013) of Natural Pedagogy focuses on the transmission of relevant information among 

humans that can be adaptive, crucial in horizontal and vertical knowledge transfer, and lead to 

the emergence of complex societies with highly specialized tools and practices. They propose 

that, beside the sensitivity to others’ representations, humans are equipped with a particular 

communicative system that allows them to convey and interpret information which is not 

restricted to the actual context as, for instance Tomasello’s collaborative engagement 
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(Tomasello, Carpenter, Call, Behne, Moll, 2005), and can explain developmental issues in 

contrast to the Relevance Theory (Sperber, Wilson, 1986). 

According to the theory of Natural Pedagogy the innate ability of communicative 

information transfer is a core adaptation that makes human cognition and behavior special. Such 

ability, however, does not rely only on the inferential capacity that makes possible to understand 

and interpret the behavior of others. In contrast to the Relevance Theory, which assumes that 

humans have a pure inferential device that is sufficient to describe their communicative 

abilities, Csibra and Gergely claim that human infants also have early sensitivity to some 

particular communicative signals that can help to identify communication. These signals are 

called ostensive signals as they express the ostensive intention of an agent, that is, an intention 

to communicate with the infant. Ostensive signals can have different modalities, they can be 

visual, auditory, or can be non-specific to any modality. For instance, eye-contact with an infant 

(Parise, Reid, Stets, Striano, 2008), infant-directed speech (Csibra, Gergely, 2009), or calling 

the infant by her name (Parise, Friederici, Striano, 2010) can cue the ostensive intention of the 

speaker as well as high but imperfect contingency with her (Csibra, Gergely, 2006). Ostensive 

signals have two separate functions. First, they specify the addressee or addressees of the 

communicative action and second, they highlight the subsequent or ongoing action, which 

makes it relevant for the addressee to learn about it. 

Importantly, the innate sensitivity to ostension has two more non-direct but highly 

significant effects. On the one hand, it facilitates the development of refined information 

transmission system, namely the development of human language, by allowing to recognize 

communicative devices like words or gestures because they can be highlighted as 

communicative and relevant. This might make the subsequent emergence of arbitrary and 

consensual signals possible. On the other hand, through these new type of consensual signals, 

the sensitivity to ostension opens up a new way for information transmission because the 
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transfer of information becomes easier as communication becomes more sophisticated. Vertical 

transmission of relevant information among individuals equipped with such a communicative 

system could support the emergence of cultures and can serve as a basis of accumulating 

knowledge in these cultures. 

 Communicative biases 

However, vertical information transfer would be hard without further expectations about 

the content of signals because such biases are needed to guide infants’ (and probably adults’) 

interpretation of communicative actions. One of these biases is that preverbal human infants – 

once they were addressed by ostensive signals – expect and interpret communicative actions as 

referential (Csibra, Gergely, 2009) since they assume that communication is intentionally 

produced to inform them about something relevant about the environment. However, before 

language acquisition and without sufficient experience with iconic signs, preverbal infants can 

only rely on indexical actions such as showing of an object, pointing (Gredeback, Melinder, 

2010) or gazing at it (Hoehl, Wiese, Striano, 2008). Importantly, a number of studies revealed 

that infants are capable of using such indexical signals, for instance they can recognize what 

the interactive partner is looking at, from very early on (D'Entremont, Hains, Muir, 1997; 

D'Entremont, Yazbeck, Morgan, MacAulay, 2007; Farroni, Massaccesi, Pivitori, Simion, 

Johnson, 2004; Gredeback, Theuring, Hauf, Kenward, 2008). 

Gaze-following probably has a long evolutionary history, since similar behavior can be 

observed in primates (e.g. Call, Hare, Tomasello, 1998; Itakura, 1996 but see Tomasello, Hare, 

Lehmann, Call, 2007), dogs (Miklósi, Polgárdi, Topál, Csányi, 1998; Téglás, Gergely, Kupán, 

Miklósi, Topál, 2012), goats (Kaminski, Riedel, Call, Tomasello, 2005), ravens (Schloegl, 

Kotrschal, Bugnyar, 2007), and some other species as well. However, with the probable 

exception of domesticated family dogs (Téglás, Gergely, Kupán, Miklósi, Topál, 2012) only 

human infants use and interpret gazing as a communicative sign. For them, looking at an object 
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in an ostensive context is interpreted as a communicative expression of an agent who would 

like to communicate something about a given referent (Csibra, Volein, 2008; Moll, Tomasello, 

2004). In other non-human animals gaze direction might be only a good predictor of the 

direction or location of instrumental actions in the future. 

Besides their referential expectation, humans may have a further bias with regard to 

communicative signals. According to the theory of Natural Pedagogy even infants have a 

genericity bias, therefore, when they interpret communication, they consider the intended 

referent of communication as an exemplar of a kind (Csibra, Shamsudheen, 2015). For instance, 

when infants are pointed at an object in an ostensive manner, they are ready to acquire general 

knowledge about the kind of the referent rather than to learn particular information about the 

specific object in their proximal environment. Therefore, among others, they can learn the name 

(Parise, Csibra, 2014) or significant functions of an object (Futó, Téglás, Csibra, Gergely, 2010) 

as well as the abstract role of it in an interaction (Yin, Csibra, 2015), which later can be applied 

to different exemplars of the same kind. In other terms, similarly to verbal labels (Gelman 2004; 

Waxman, Gelman 2009, 2010), ostensive communicative gestures are interpreted as conveying 

information about a category. 

Such a new route of information transmission can be useful in learning about the world 

because it does not require inductive inferences or statistical learning. Therefore, the process of 

learning can be efficient. If there is no need to sample evidence, and one can have epistemic 

trust in others (see e.g. Koenig, Harris, 2007; Shafto, Eaves, Navarro, Perfors, 2012), acquiring 

new knowledge is rapid, which perhaps significantly contributes to the cognitive development 

of human infants. Interestingly, because infants are supposed to have a genericity bias, as a 

side-effect they might also expect that an information can be relevant only if it is not simply 

kind-specific but also consensual among people (Gergely, Egyed, Király, 2007). As kind-

relevant information is usually constant, it can be known by others as well. 
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For instance, if someone calls a highlighted object “blicket”, others should use the same 

label for it, or when an object is communicated to be a pleasant entity which triggers positive 

emotions, it should also have the same valence for others. Importantly, there is empirical 

evidence that supports this hypothesis. Egyed and colleagues (Egyed, Király, Gergely, 2013) 

tested 18-month-olds in a paradigm where an adult expressed object-directed emotions in an 

ostensive-communicative or a non-communicative context towards two target objects. Later, if 

an other adult arrived and asked the child to give her one object, infants selected the object 

which was previously associated with the positive valence, but only in the ostensive-

communicative condition. This result suggests that infants interpret the ostensively 

communicated information as generalizable among people. In contrast, when the emotion 

expression was presented in a non-communicative manner, infants considered it as a person-

specific, non-generalizable attitude choosing randomly from the possible objects when the 

second experimenter asked for one of them. In sum, within kind generalization infants seem to 

generalize information among communicative agents as well, suggesting that the genericity bias 

has further consequences on infants’ interpretation of previously communicated information. 

This effect, however, is probably human-specific, at least to our current knowledge. 

Other non-human animal species, including great apes, might not expect genericity, and they 

probably do not generalize communicative information among other agents. Although negative 

evidence, and more importantly the lack of empirical findings, does not imply that non-human 

animals are not able to generalize information that is transmitted via communication, it seems 

plausible that they would have problems with it. Based on the present set of empirical data, 

animal communication seems to be bonded to the here and now, accordingly, they do not use 

symbols but signals that have a direct associative connection with the actual context 

(Gardenfors, 2004, see Hockett, 1960). 
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Though there is evidence that in different domains non-human animals can rely on more 

than just the actual perceptual input, these capacities do not require to represent actions or 

objects as abstract entities that stand for something else with the same consensual and kind-

relevant meaning. For instance, certain species can form representations of events in the past 

(see e.g. Clayton, Bussey, Dickinson, 2003; Martin-Ordas, Haun, Colmenares, Call, 2010) or 

represent other individuals as having a recurrent behavior in certain contexts (e.g. Bugnyar, 

Schwab, Schloegl, Kotrschal, Heinrich, 2007), moreover, they can probably understand the 

false beliefs of others (Krupenye, Kano, Hirata, Call, Tomasello, 2016). However, these 

representations are not about the devices of communication but about the understanding of 

perceptually inaccessible information. 

In contrast, to be able to communicate in a human-like manner, one should represent 

agents as communicative, and a common set of consensual signals used by them as devices to 

refer to their common and relevant experiences about the world. Crucially, it has to be 

understood as well that not simply the communicative signals but also the referent of these 

signals stand for something else. For instance, a given referent object can represent a relevant 

feature of a whole kind (Csibra, Shamsudheen, 2015), that is the physical object itself can be a 

symbol of a generic property. To our knowledge only human communication can be 

characterized with such features, namely with a genericity bias and a tendency to generalize 

communicated information among communicative agents which is in line with predictions of 

the theory of Natural Pedagogy. 

These characteristics – described by the theory of Natural Pedagogy – are crucial 

because they highlight that human communication is more than a complex form of socially 

motivated joint action as proposed by Tomasello’s theory. Moreover, the fact that human 

communication relies on communicative biases implies that Relevance Theory is also a too 

general framework of human communication because it neglects the constraints on 
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communication while misses to elaborate the biological and evolutionary roots of it. Because 

the code model suffers from the same problems, nevertheless it has nothing to say about 

communicative inferences involved in natural communication we might conjecture that the 

communicative actions of humans are more than mechanical encoding and decoding of signal 

sequences. In sum, we can conclude that in contrast to the above theories Natural Pedagogy 

offers an alternative viewpoint that can help to understand the symbolic and consensual nature 

of human communication while providing a more detailed picture about specific bio-cognitive 

processes behind it. Therefore, in the subsequent chapters I will discuss the theory of Natural 

Pedagogy in a more detailed manner to unfold the role and relevance of ostensive-

communicative signals in the horizontal and vertical information transfer. 
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Ostensive and informative signals and their function in humans and non-human animals 
 

Two types of communicative signals 

As it was concluded before, communication among humans cannot be described by a 

model purely based on the encoding and decoding of code sequences, since human 

communication is underdetermined (Scott-Phillips, 2014) in at least two ways. First, due to the 

virtually infinite number of communicative signal sequences, communicative actions have to 

be identified and considered as communicative in order to differentiate them from non-

communicative behaviors. Second, because signals can have different interpretations in 

different physical, linguistic, social contexts, communicative signals have to be interpreted 

properly. For these reasons, a successful communicator has to be able to differentiate among 

the intentions of others to identify communicative intentions, moreover, she has to be able to 

infer and understand the effect of the context on the communicative behavior. 

According to Grice (1989) the two types of underdeterminacy can be resolved through 

the understanding of two types of different intentions. On the one hand, one should recognize 

the communicative intention of the other which implies an aim to communicate with someone 

else. On the other hand, the informative intentions of the communicator also need to be 

identified, in other terms, the message she would like to convey about the referent. Thus, along 

with the informative intentions one should express a second-order intention of communication. 

These principles are crucial to be reiterated here because the theory of Natural Pedagogy 

borrows the basic idea of Grice about the two types of intentions to discriminate among 

communicative signals. Natural Pedagogy proposes (Csibra, 2010) that humans can manifest 

their communicative intentions by using ostensive signals, and can express their informative 

intentions through the means of informative signals, therefore humans are supposed to have 
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two different signal sets with which one can easily express the two different type of intentions 

separately, while others can rapidly recognize them. 

 

Ostensive signals 

Natural Pedagogy holds that the expression of communicative intentions is based on an 

evolved, innate, and code-like set of signs which, in contrast to the Relevance Theory, does not 

require inferences to be interpreted (Csibra, 2010). The sensitivity to these ostensive signals 

can be found even in young infants who can rely on it when interacting with an adult to diagnose 

communicative information transmission (Csibra, Gergely, 2009). The presumption that 

humans have sensitivity to those codes and use them to express their communicative intention 

has crucial implications. 

First, having a set of codes indicating communication, can shed light on the ontogenesis 

of communication in humans. With innate ostensive signals that only have one simple meaning 

also a preverbal infant can have the ability to recognize when she had been addressed by an 

adult communicatively. Consequently, there is no need to describe a mechanism that makes 

humans able to differentiate between communicative and non-communicative actions as the 

skill to do so is right there in the infants' mind ready to be triggered by someone in the 

environment. 

Second, the early recognition of communicative actions can facilitate the understanding 

of communicative messages that can be highly relevant in learning about the world. The theory 

of Natural Pedagogy puts huge emphasis on this aspect proposing that the vertical transmission 

of knowledge in groups of humans is possible only because of the refined ability to exchange 

and share information through communicative means. As it was previously described, the 

learning mechanism hypothesized by Natural Pedagogy is based on the genericity bias and the 
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tendency to consider communicatively transmitted information about referents as common 

knowledge. Because of that, one can rely on ostensive signals while differentiating among 

useful and less important pieces of information even if some of the details of the communicative 

message are opaque. Having this capacity from very early on, cultural traditions, norms, and 

inventions can be learnt or imitated with high fidelity which could lead to the persistence or 

even to the improvement of different cultures (Csibra, Gergely, 2011). 

However, ostensive signals themselves have more direct functions when they are 

produced in an interaction. One of the main function of ostension is to signal the beginning and 

the ongoing process of communication (Csibra, 2010), therefore, it can be expressed before and 

during communication as it can help to initiate and maintain communication. Consequently, 

ostensive signals have to be attractors in order to draw the attention of others. However, this 

does not entail that all the attractors are ostensive signals. Although one could raise that 

ostension is nothing more than attention modulation (Szufnarowska, Rohlfing, Fawcett, 

Gredebäck, 2014), it is not the case, because ostension elicits communicative biases which is 

not true to attractors in general. For instance, mutual gaze and motherese elicit a genericity bias 

while a simple attractor, for example an unexpected noise does not. Moreover, an ostensive 

signal triggers a referential interpretation of actions, while an attractor causes an orienting 

response towards the stimulus itself. Therefore, ostensive signals can be considered as a subset 

of attractors with specific social-communicative functions. 

An other function of ostensive signals is to assign the addressee (Csibra, Gergely, 2009). 

Since communicative information transmission can have several receivers, it is important to 

clearly indicate which of them has to pay attention to the communicative content. To serve this 

purpose, ostension usually has a direction, for instance gaze-contact or turn-taking contingency 

between individuals define communicative partners in an interaction. In the case of human 

preverbal infants this is fundamental to resolve the ambiguity of who the recipient of signals is 
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because without full-fledged linguistic knowledge and extensive experience about the 

environment ostensive signals could highlight relevant events and differentiate them from 

irrelevant ones which could foster learning about the world (Csibra, 2010). But what are the 

prototypical ostensive signals, and what do we know about them? To address these questions, 

I will review recent empirical data about ostension in humans and also in non-human animals. 

 Eye-contact as an ostensive signal 

The most studied ostensive signal, which is also the most thoroughly investigated one 

in non-human species, is eye-contact. Human newborns have a sensitivity to eyes or eye-like 

patterns in their environment, and as a consequence they show a preference towards open in 

contrast to closed eyes (Bátki, Baron-Cohen, Wheelwright, Connelan, Ahluwalia, 2000). 

Moreover, as Farroni and colleagues (Farroni, Csibra, Simion, Johnson, 2002) revealed, 

newborns prefer to look at eyes directed to them in contrast to eyes looking away when they 

are shown photographs of faces with straight or averted gaze. However, infants’ preference for 

eye-gaze can be observed with using a particular arrangement of stimuli. Only a face positioned 

in the canonic (i.e. upright) way (Farroni, Menon, Johnson, 2006) with normal (i.e. positive) 

contrast polarity (Farroni, Johnson, Menon, Zulian, Faraguna, Csibra, 2005) can trigger a 

preference to look at the eyes. These results support that infants do not simply search for eye-

like objects in their environment but are sensitive to the eyes of humans probably to establish 

eye-contact with them. Hence infants’ behavior is affected by contrast polarity and face 

position. This preference for mutual eye-gaze, thus, could be the precursor of eye-contact as an 

ostensive-communicative signal, suggesting that infants may not simply find the eyes appealing 

but use them as a source of information about the communicative intentions of others (Csibra, 

2010). 

To test this assumption Senju and Csibra (2008) investigated the effect of mutual eye-

gaze in 6-month-olds to the frequency of subsequent gaze-following in a paradigm where the 
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position change of the displayed model’s eye could be interpreted as looking at a referent object 

in the environment. Although in previous studies gaze-following could be triggered in infants, 

they were interpreted in a low-level framework hypothesizing that an innate module (sensitive 

to the presence and directedness of the eyes) caused this effect. According to this low-level 

account mutual eye-gaze did not have a communicative meaning for infants, instead infants 

automatically compute gaze-direction and follow it because it is a biologically relevant stimulus 

for them. For instance, D'Entremont and colleagues demonstrated that human infants are able 

to gaze-follow an experimenter’s real-life head-turn when they are 3-6-month of age 

(D’Entremont, Hains, & Muir, 1997), while Hood, Willen and Driver’(1998) provided evidence 

that 3-month-olds can follow adults’ gaze which was displayed on a screen. Later, numerous 

findings showed a robust pattern of such a behavior around 1 year of age (e.g. Corkum & 

Moore, 1998; von Hofsten, Dahlstrom, & Fredriksson, 2005; Moll & Tomasello, 2004) 

suggesting that gaze-following has a quite long developmental trajectory in humans. Though, 

as a consequence, it was proposed that gaze-following becomes less automatic with age, for 

instance, older infants avoid gaze-following when the eyes of the model are closed or 

blindfolded (Brooks, Meltzoff, 2002) the results of Senju and Csibra (2008) imply even more 

than that. 

They found in an eye-tracking study that 6-month-old infants gaze-follow an adult and 

look at a target referent only if the direction change of the gaze was preceded by eye-contact 

(or motherese). Without such cues gaze-following could not be elicited in infants. This suggests 

that even 6-month-olds treated eye-contact as an ostensive signal, therefore it expressed the 

communicative intent of the model on the display for them. As a consequence, infants 

presumably considered themselves as the addressees of communication and the subsequent 

action as relevant to them. Moreover, eye-contact induced the communicative-referential 

interpretation of subsequent actions in infants, hence they followed the eye-gaze of the adult 
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model. This means that, in contrast to the low-level interpretation, eye-contact has a special 

communicative role for infants as expressing ostension. This is also in line with recent 

neurophysiological findings (Grossmann, Johnson, Lloyd-Fox, Blasi, Deligianni, Elwell, 

Csibra, 2008) suggesting that similar cortical networks are functionally active in infants and in 

adults when they have to process mutual eye-gaze and other communicative facial gestures. 

The sensitivity to eye-contact, moreover the capacity to gaze-follow others can be 

observed in non-human animals as well. For instance, great apes (Brauer, Call, Tomasello, 

2005), monkeys (Amici, Aureli, Visalberghi, Call, 2009; Anderson, Mitchell, 1999; Scerif, 

Gomez, Byrne, 2004), dogs (Téglás, Gergely, Kupán, Miklósi, Topál, 2012), ravens (Bugnyar, 

Stöwe, Heinrich, 2004), and even tortoises (Wilkinson, Mandl, Bugnyar, Huber, 2010) show 

preference to look at a target above chance that is also looked at by an other agent. However, 

in contrast to human infants non-human animals’ sensitivity to eyes might have different 

functions in different ecological niches. For instance, it might signal dominance (e.g. Coss, 

1978), the presence of a rival conspecific (Bugnyar, Schwab, Schloegl, Kotrschal, Heinrich, 

2007), and can have further functions as well (see Emery, 2000). According to the actual set of 

comparative data there is no evidence that eye-gaze could have the same communicative 

meaning in non-human animals as in human infants. Although gaze-following occurs in 

different species in some contexts, it is not affected by the communicative intentions of others. 

The only exception could be family dogs, since they show a tendency to gaze-follow a human 

in an ostensive in contrast to a non-communicative context (Téglás, Gergely, Kupán, Miklósi, 

Topál, 2012). Thus, their domestication and huge individual experience with humans might 

make them able to understand ostensive cues. Importantly, however, there is no evidence that 

they are able to produce these cues in order to signal their communicative intentions towards 

humans, supporting that the mechanism how dogs understand ostension differs from humans’ 

sophisticated knowledge about ostensive signals (Scott-Phillips, 2014). 
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 Ostensive signals in the auditory modality 

Beside the sensitivity to eye-contact in the visual modality, a different but efficient 

ostensive signal can be found in the auditory modality. Infant-directed speech, or with a 

different term motherese, can be characterized by high pitch, hyperarticulation, and word 

shortening. Young infants show early sensitivity to human speech in general (Vouloumanos, 

Werker, 2007), which can be relevant in the recognition of communication and in language 

acquisition (Martin, Onishi, Vouloumanos, 2012; Vouloumanos, Onishi, Pogue, 2012; 

Vouloumanos, Waxman, 2014), however, it is crucial that infants also show sensitivity and 

clear preference to speech produced in an infant-directed manner (Cooper, Aslin, 1990). This 

sensitivity indicates that motherese might have a specific function, since infants differentiate it 

from adult-directed speech. 

According to the theory of Natural Pedagogy this particular function of motherese is to 

express ostension and the communicative intention towards the infant as a recipient. Since in 

contrast to eye-gaze it is hard to identify the addressee of an utterance – especially if one has 

limited knowledge about the meaning of words – all the utterances could be considered as 

relevant to the infant. This, however, would be obviously a mistake, because the majority of the 

utterances are directed to other persons in the infants’ surroundings, even when the 

communicator is a close relative. Therefore, besides the expression of communicative intent, 

infant-directed speech can indicate that the addressee is an infant or child. Consequently, 

motherese can signal that some relevant information is addressed to the infant, which can elicit 

the same communicative biases as other ostensive signals. For instance, in the eye-tracking 

study of Senju and Csibra (2008) described in details above, the authors find that gaze-

following can be elicited in six-months if the model’s head turn had been preceded by 

motherese, instead of eye-contact. This supports that motherese can have a similar 

communicative function as mutual eye-gaze, that is it can serve as an ostensive signal which 
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can express the communicative intent of an adult and can specify the infant as an addressee in 

the communicative process. 

Among non-human animals, there is only a little evidence that could indicate a 

sensitivity to motherese or its functional equivalents. For instance, the results of Ben-Adaret 

and colleagues (2017) suggest that humans tend to use higher pitch and slower tempo especially 

when they talk to puppies. More importantly, puppies seem to be sensitive to this so-called 

“dog-directed speech”, therefore, through that one can modulate their behavior effectively. This 

finding implies that the sensitivity to ostension even in the auditory modality might be 

phylogenetically more ancient than it was previously thought. Although one could argue that 

this sensitivity is selected during the domestication of dog, it would not have been the case 

without an inherent potential for that. 

An other good candidate for a functionally equivalent ostensive cue in the auditory 

modality is the sensitivity of non-human animals to their own name. As previous research with 

preverbal infants suggests, 4.5-month-olds prefer to hear their name (Mandel, Jusczyk, Pisoni, 

1995) which might have an ostensive function as well, since it clearly and unambiguously 

specifies the addressee (Csibra, Gergely, 2006). Importantly, a similar sensitivity was found in 

dogs in a study where dogs saw only the experimenter’s back as she was turned away 

(Kaminski, Schulz, Tomasello, 2012, see also Savalli, Resende, Gaunet, 2016). Without eye-

contact or without perceptual access to the experimenter’s face dogs follow the experimenter’s 

pointing and head-turning reliably and choosing between two containers correctly when it was 

preceded by the naming of the dog. Importantly, when dogs heard a different name with the 

same intonation, they also followed the referential gesture above chance, which suggests that 

in addition to their own names dogs are also sensitive to the prosody of the human speech. 

Although these results could be interpreted as an evidence for the same sensitivity to ostension 

in dogs as in human infants, it is more plausible to assume that high-pitched words triggered a 
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referential interpretation of following gestures without any further biases predicted by the 

theory of Natural Pedagogy. Consequently, naming and dog-directed speech can be considered 

only as functional equivalents of motherese in dogs without presuming that they can elicit the 

all same cognitive effects. 

 The role and effects of turn-taking contingency 

Besides eye-contact and motherese, a third type of ostensive signal, namely contingent 

reactivity or more specifically, turn-taking contingency might serve as an ostensive signal for 

humans (Csibra, 2010). Social contingency can be defined as the high probability of getting a 

response to a certain cue performed by an agent within a pre-defined stimulus set in a given 

(and relatively short) time window. When such responses are alternately produced by two or 

more agents and each of these responses are triggered by the previous response of the other 

agent, a conversation-like structure emerges, which is often called turn-taking contingent 

interaction. On the basis of this abstract definition contingent reactivity (or shortly: 

contingency) might be considered as a complex phenomenon, which is hard to understand for 

an infant, however, this concept simply refers to those actions that are triggered by the 

(potentially communicative) actions of others, for instance to the proto-conversation between 

adults and human infants (Jaffe, Beebe, Feldstein, Crown, Jasnow, 2001). Thus, although 

contingency is amodal and abstract (Deligianni, Senju, Gergely, Csibra, 2011), it can grasp the 

general structure of human communicative behavior from very early on. Therefore, the 

sensitivity to it can be beneficial for infants even when they are unfamiliar with certain agents, 

certain communicative actions or expressions, since the occurrence of a reaction to their activity 

can signal that they are in a communicative interaction with someone else. 

The first evidence showing that contingency is relevant for human infants comes from 

Watson (1972) who provided evidence in his seminal paper that two-month-olds react socially 

(with smiling and cooing) to a toy hanging above the head of the infant if the movement of the 
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toy is triggered by the infant’s own head movement through a pressure-sensitive pillow. In this 

experiment infants’ reaction suggested that they considered the responding toy as a social agent 

which in turn affected their behavior to produce more head movement in order to get more 

feedback. Further research supported this initial hypothesis proving that infants’ behavior can 

be predicted if we assume that they attribute intentional (Johnson, Slaughter, Carey, 1998), 

social (Watson, 1972, 1979) or communicative agency (Gergely, 2010; Gergely, Jacob, 2012) 

to the contingently reacting entities. 

For instance, in a study by Movellan and Watson (2002) a faceless robot reacted by 

beeps and light flashes to the vocalizations and movements of the infant in the first, 

familiarization phase of the experiment. Then, in the test phase the robot turned its head toward 

one of two lateral target objects. This elicited an orientation-following response in the infants 

to look at the target object but only if the unfamiliar robot previously interacted with them in a 

turn-taking contingent manner. However, there were significantly less orientation followings in 

a yoked control where the actions of the robot were independent from the infants’ vocalization 

and movement. A similar result was found by Johnson, Slaughter and Carey (1998), and later 

in an eye-tracking paradigm by Deligianni and colleagues (Deligianni, Senju, Gergely, & 

Csibra, 2011) supporting the notion that infants are sensitive to contingent reactivity from early 

on. This sensitivity makes infants able to attribute agency to an unfamiliar entity, however, it is 

unclear whether they perceive this entity as a communicative agent performing referential 

gestures or as an intentional agent which shifts its attentional focus when changing its head or 

body orientation. 

Although the theory of Natural Pedagogy prefers and proposes the former interpretation, 

there are other alternative explanations as well. Due to the fact that turn-taking contingent 

reactivity is a basic structural property of interactions in general, it can be observed in non-

communicative but cooperative contexts (although not uniformly in all cultures (see Zeidler, 
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Herrmann, Haun, Tomasello, 2016). Therefore, other theories propose that turn-taking 

contingency indicates agents rather than communication. For example, hammering a nail could 

be done by two persons in a turn-taking contingent manner, however, it does not necessarily 

involve communication. Animal signaling can be another simple example. The turn-taking 

reactivity of songbirds often characterized by high contingency, however, this does not imply 

that they communicate about something. On this basis, contingently reacting entities can be 

perceived as having mental states and goals which, for instance, can be inferred from their 

object-directed turning movement (Johnson, Slaughter, Carey, 1998) without attributing a 

communicative or referential intention. It can also be assumed that reacting agents are social 

but not communicative in a sense that they would like to convey information about an object in 

the environment (e.g. Beier, Carey, 2014). To decide which of these frameworks can be 

appropriate, further research will be needed, however, since the proposed theoretical 

alternatives are not exclusive, it is also possible that more of them will be used to describe social 

contingencies in instrumental and communicative contexts. 

Nevertheless, a theory of contingency based on agency attribution would not exclude 

that turn-taking contingency might have a further function as an ostensive-communicative cue, 

because communication, and more often, infant-directed communication is highly contingent. 

Therefore, independently from the fact that contingency can be found in non-communicative 

interactions as well, turn-taking can be one of the crucial distinctive features of human 

communication. Consequently, and in line with the theory of Natural Pedagogy it can be an 

indicator of communicative intentions and information exchange. 

According to Gergely and Watson (1999) this can be so because infants are able to 

discriminate the different levels of contingency. They are aware of perfect contingency, since 

a perfect matching among stimuli can represent a physical-causal relation while high but 

imperfect contingencies can indicate a social partner with whom infants are interacting. For 
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instance, perfect contingency can be perceived when an infant bangs the floor with an object. 

Every time when the object touches the ground, the object immediately makes some noise. In 

contrast, when an infant is in a proto-conversation with an adult, the adult will answer with 

variable delay after a vocalization period of the infant is ended, moreover, sometimes the adult 

will not answer to the infant. Consequently, there will be an amodal, abstract difference in the 

temporal structure of the two kinds of interactions – and as a consequence in the level of 

contingency – that can be the basis of using contingency as a signal of ostension and 

communication. 

On the basis of the previous simple example one might hypothesize that perfect 

contingency will be perceived differently than high but imperfect contingency or low levels of 

contingency (when there is no response after a given cue). And this is what Bahrick and 

Watson’s results are congruent with (Bahrick, Watson, 1985). They found that 3-month-old 

infants prefer to look at a screen which displays the leg motion of a peer in contrast to an other 

screen which shows infants’ own leg movement, simultaneously. This result is also in line with 

Watson’s previous experiments in which he found that infants can differentiate between perfect 

and high-but-imperfect contingencies (e.g. Watson, 1979) preferring the former when they are 

below 2 month of age, but the latter when they are older. These results were interpreted as 

suggesting an exploration and differentiation of the own self of infants from the self of others 

which involves a switch in their preference from their own body movements that is perfectly 

contingent to the social reactions of others that are highly but not perfectly contingent (Watson, 

1994). 

Importantly, however, there is no direct evidence to suggest that perfect or high 

contingency is not simply preferred but considered differently in a communicative context. 

Since highly contingent interactions can involve short periods of perfectly contingent events 

(for instance during a conversation when there is always a response), it is possible that in turn-
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taking communicative interactions low and high levels of contingency are differentiated only 

since those can imply the lack or the occurrence of communication. Besides this theoretical 

issue, there are also no empirical findings to support that turn-taking contingency could also 

elicit the same communicative biases as eye-contact or motherese, although it is assumed to 

have the same functions as the non-abstract cues of ostension. Moreover, there is no evidence 

on non-human species’ sensitivity to social contingencies, especially on turn-taking 

contingency (but see Thesis point I.) except that apes recognize when they are imitated (Haun, 

Call, 2008), which might suggest that apes have some sensitivity to contingencies in the social 

domain, therefore about contingency as an ostensive cue different hypotheses can be formed. 

 

Informative signals 

Informative signals, or in a more precise manner, those signals that can convey 

information about a referent and not simply about the communicative intentions of the 

communicator are the other subset of communicative signals in humans. Similarly to ostensive 

signals, informative signals can also have different forms. For example, informative signals can 

be vocal sound sequences, manual signs, gestures, written codes, action, or function 

demonstrations (see e.g. Futó, Téglás, Csibra, Gergely, 2010; Király, Csibra, Gergely, 2013; 

Kovács, Téglás, Gergely, Csibra, 2016), light or even smoke signals. The reason for this 

diversity is that informative signals are arbitrary (Saussure, 1983) and consensual (cf. 

Wittgenstein, 1953), therefore, different actions and different physical symbols can represent 

the very same informative content. 

Since the theory of Natural Pedagogy focuses on the normal course of human 

development, it investigates mainly the understanding and acquisition of communicative 

gestures and words (e.g. Yin, Csibra, 2015). In the present section, however, I will discuss 
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communicative gestures only since they were thoroughly investigated from a comparative 

psychological perspective as well. 

 Informative gestures 

One of the most basic but highly relevant informative gesture in humans is gaze-

direction. As we have seen in the previous section, sensitivity to mutual eye-gaze and the 

change in gaze-direction can be found in young infants (D'Entremont, Hains, Muir, 1997; 

D'Entremont, Yazbeck, Morgan, MacAulay, 2007; Farroni, Massaccesi, Pivitori, Simion, 

Johnson, 2004; Gredeback, Theuring, Hauf, Kenward, 2008), which might have a 

communicative function (Senju, Csibra, 2008). Crucially, in these experiments a referential 

gaze-following is expected – similarly to many gaze-cuing paradigms (see Frischen, Bayliss, 

Tipper, 2007) – which is an indicator of understanding gaze-direction change as an informative 

signal. Because human infants have this interpretation from very early on, it can be concluded 

that they are able to comprehend informative signals even before they can understand language. 

This proposal is also supported by the results which show that infants do not simply rely on the 

change of gaze-direction but can similarly understand changes in the body-orientation of an 

agent. 

For example, besides the groundbreaking results of Movellan and Watson (2002) with 

the contingently reacting robot, where they found orientation-following in human infants, 

Deligianni and her colleagues (Deligianni, Senju, Gergely, & Csibra, 2011) had a similar 

finding. They tested infants' sensitivity to self-induced social contingencies using an eye-tracker 

by which infants could control an animated teapot-shaped agents on the screen. In the test phase 

the teapot-shaped entity turned its front end towards two lateral target objects which allowed 

the experimenters to diagnose whether young infants are able to perform orientation-following. 

The results showed that contingent reactivity significantly increased infants’ tendency to follow 

the orientation change of the agent and elicited a longer look at the lateral target object in 
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contrast to the other, non-target object. However, if the agent was noncontingent with the 

infants, they did not gaze-follow the orientation change of the teapot-shaped entity. This finding 

is in line with the proposals of Natural Pedagogy supporting that orientation-change and the 

change in gaze-direction are informative signals that can refer to an object in communicative 

contexts. Further results also underpin this theoretical claim. It seems that infants, when they 

gaze-follow a human model, expect that they will find an object at the location where the model 

looked. Therefore, they look longer at empty places if these locations were previously indicated 

by the model’s eye-gaze (Csibra, Volein, 2008). Together, these results imply that for infants, 

communication entails both ostensive and informative intentions, which are manifested by the 

two distinct set of ostensive and informative signals. Since the former type of signals does not 

require refined inferential or mind-reading capacity, informative signals can be understood even 

in a pre-verbal stage of development, which might have a crucial role in the emergence of verbal 

knowledge. 

However, not only the direction of the gaze or body-orientation can inform infants about 

a distal referent. Pointing is one of our gestures that can have an informative-referential function 

as well. Moreover, after infants start to point towards interesting objects and events before their 

first birthday (Carpenter, Nagell, & Tomasello, 1998), they immediately use this 

communicative gesture with different aims. In their seminal work Bates, Camaioni and Volterra 

(1975) proposed that pointing could serve proto-declarative and proto-imperative functions for 

infants. The proto-imperative usage of pointing involves those cases in which the infant points 

because she would like to ask the addressee to do something for her. For instance, when an 

infant points toward an object which is out of her reach and she finds it interesting, the meaning 

of pointing could be “give that to me”. In contrast, proto-declarative pointing draws the 

attention to an object or event without a further motive, just to share the experience with an 

adult. Recent empirical evidence showed that infants’ pointing is mainly proto-declarative 

48



(Liszkowski, Carpenter, Henning, Striano, Tomasello, 2004; Liszkowski, Carpenter, Striano, 

Tomasello, 2006; Liszkowski, Carpenter, Tomasello, 2007; Tomasello, Carpenter, Liszkowski, 

2007), however, there is also evidence that infants are also expecting further information about 

the referents in these cases (Begus, Southgate, 2012). It is nevertheless clear in all these cases 

that infants’ pointing has a real referential function, and they interpret other’s pointing as 

referring to an entity or a place in their proximal environment. 

A direct evidence for this presumption is coming from Gliga and Csibra (2009). They 

hypothesized that the naming of an object is undoubtedly referential, and pointing might have 

the same referential function or it might not. If not, pointing can be simply associated with 

naming. However, assuming that pointing is a meaningless, associated hand action, the 

directionality of it should be irrelevant since it does not have a referential nature. To pit against 

each assumption, infants were shown two conditions, in one of which pointing and naming was 

congruent and in one of which the two type of signals were incongruent. Consequently, when 

an object was named, the experimenter could point at the object, or pointed in a different 

direction. The results of the study showed that 13-month-olds expected congruent pointing and 

naming. This expectance of infants to co-refer to the same entity with pointing and naming 

suggests that pointing is not a non-informative action which is associated with labelling but a 

referential communicative act which highlights a certain object. 

The communicative-referential interpretation of pointing was also supported by a 

different paradigm in which infants were presented with videos of a protagonist who pointed at 

or reached towards an object in an ostensive or non-ostensive context respectively (Yoon, 

Johnson, Csibra, 2008). After each of these actions the identity or the place of the target object 

changed while the object was occluded. When the occluder was removed, infants’ looking time 

was measured to identify which outcome they find less expected. It was hypothesized that in 

contrast to the reaching condition pointing should refer to an object, and therefore, it should 
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facilitate to encode the features of that object making the identity change unexpected. The 

results were in accordance with this hypothesis implying that human infants consider pointing 

that refers to an object. Interestingly, non-communicative reaching had a different effect: it 

facilitated the encoding of the place of an object. Together these results were in line with the 

predictions of the theory of Natural Pedagogy since such findings suggest that a referential 

interpretation of an action could be elicited only in a communicative context, where this signal 

can express the informative intention of the other. Presumably, this interpretation had a 

significant effect on the encoding of visual features, because the referential-informative gesture 

made the referent object itself highly relevant. 

Other laboratories conceptually replicated that pointing has a referential function. For 

instance, Behne and her colleagues (Behne, Liszkowski, Carpenter, Tomasello, 2012) found 

that 12-month-olds comprehend that pointing could indicate the location of a hidden toy, while 

Krehm, Onishi and Vouloumanos (2014) provided evidence that in a third-party, observational 

task infants expect an adult to follow pointing and select a pointing-congruent target object 

rather than an incongruent one. This pattern of data implies that deictic pointing is a referential 

action even for preverbal infants, thus, it can be concluded that pointing is a proper 

informational device for them that they can use flexibly and interpret appropriately from very 

early on. 

 Informative gestures in non-human animals 

It is a much more complex question though, whether non-human animals can use eye-

gaze or pointing as informative signals. From an evolutionary perspective, gestural signals 

could have an adaptive value, since they are simple in contrast to a language, but can be more 

precise than alarm or food calls in the differentiation of the referents and their location or 

direction. However, the understanding of gazing and pointing requires a flexible cognitive 

mechanism which relies on contextual factors. This cognitive mechanism has to enable to 
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encode the perspective of the communicator and the relevant features of the environment. An 

analogue cognitive mechanism in humans for such a purpose is the ability of mind-reading. 

However, full-blown mind-reading is not present in non-human animals (except maybe 

chimpanzees, see Krupenye, Kano, Hirata, Call, Tomasello, 2016). Thus, the first question 

regarding informative gestures is that whether non-human animals can understand them, and if 

they can what is the cognitive bases of that ability. 

As it was discussed in the previous section, numerous animal species are able to gaze-

follow a model to fixate a target referent (Amici, Aureli, Visalberghi, Call, 2009; Anderson, 

Mitchell, 1999; Brauer, Call, Tomasello, 2005; Bugnyar, Stöwe, Heinrich, 2004; Scerif, 

Gomez, Byrne, 2004; Téglás, Gergely, Kupán, Miklósi, Topál, 2012; Wilkinson, Mandl, 

Bugnyar, Huber, 2010). This reaction, however, is probably automatic and does not imply that 

the observer of this behavior consider eye-gazing as a communicative signal. The only 

exception might be the dog (Téglás, Gergely, Kupán, Miklósi, Topál, 2012), because this 

species gaze-follows humans only in a communicative context, presumably because in the 

course of domestication it was selected to be sensitive to communicative cues produced by 

humans to be prepared and understand human commands (Kaminski, Nitzschner, 2013). 

According to this view, dogs can recognize specific communicative behavior of humans 

because they were selected to help in certain human activities, like hunting or herding that 

required the identification of human communicative signals. However, dogs might have a 

different and probably more shallow understanding of human informative gestures than humans 

as the information transmitted by these signals to dogs is usually much simpler than the 

communicative information transferred to human infants with the same communicative devices. 

Empirical data about the understanding of pointing in non-human animals has a similar 

pattern that we saw with regard to gaze-following. A numerous species are able to follow 

pointing in an object selection task, for example, dolphins (Herman, Abichandani, Elhajj, 
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Herman, Sanchez, Pack, 1999), elephants (Smet, Byrne, 2013) and seals (Scheumann, Call, 

2004). Among domesticated species, horses (Proops, Walton, McComb, 2010), cats (Miklósi, 

Pongrácz, Lakatos, Topál, Csányi, 2005), and ferrets (Hernádi, Kis, Turcsán, Topál, 2012) were 

found to be sensitive to pointing gestures, and also a robust set of data about dogs shows that 

they can rely on human pointing (Wobber, Kaminski, 2011) and other deictic gestures as well 

if a limb of the communicator protrudes from the body contour (Soproni, Miklósi, Topál, 

Csányi, 2002). Interestingly, some species, for instance ravens (Pika, Bugnyar, 2011) and 

certain fish species (Vail, Manica, Bshary, 2013) can even produce specific referential gestures 

that are functionally similar to pointing. 

However, it is only dogs that follow human pointing more often if it occurs in an 

ostensive-communicative, in contrast to a non-communicative context (Kaminski, Schulz, 

Tomasello, 2012). This implies that, for dogs, pointing has a communicative function, which 

might be similar in some respects to the interpretation of human children. The direct comparison 

of the two species supports this view, since dogs’ performance in object choice tasks is similar 

to the performance of 2-year-olds (Lakatos, Soproni, Dóka, Miklósi, 2009), which might help 

to answer two further questions. First, it it can be investigated whether dogs can be a good 

model species for human communication in general, as they have certain skills that is not 

present in other non-human animals. Therefore, it can be tested, for instance, whether the 

understanding of communicative gestures can occur without human-specific cognitive 

adaptations, like full-blown mind-reading skills. Second, it can be also tested whether these 

informative gestures can trigger the specific type of interpretational biases and efficient type of 

learning in dogs that the theory of Natural Pedagogy predicts in human infants. 
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Natural Pedagogy: a social learning theory or a theory of communication? 

As one might note, the theory of Natural Pedagogy focuses on information transmission, 

more specifically it proposes a mechanism that can help to understand the vertical information 

transmission within human cultures. This mechanism, more specifically, the ability to learn fast 

and efficient through communication might be the basis of the accumulated knowledge of 

human societies. From this perspective, Natural Pedagogy does not properly fit into the set of 

communication theories since the predictions of this theory are usually about learning and 

teaching and not about the extraction of meaning of communicative signals. Although there are 

some obvious counterexamples – for instance the interpretation of pointing in infants within a 

communicative versus a non-communicative context – it might be the case that Natural 

Pedagogy is more likely a social learning theory than a theory of communication. 

However, it has to be also highlighted that the theory of Natural Pedagogy involves 

crucial principles that should be embedded in a proper theory of communication. First, it 

emphasizes the innate factors behind the understanding of others. The idea that humans, from 

very early on, are sensitive to code-like signals that can manifest the communicative intention 

of others and can serve as a tool to discriminate between information that is relevant or 

irrelevant to the addressee might elucidate the ontogeny of human communication. Second, 

based on the theory of Natural Pedagogy one can assume that because these code-like ostensive 

signals are rather simple and therefore they do not need a refined inferential capacity to identify 

and correctly interpret them the sensitivity to these signals can occur in non-human animals as 

well, which might shed light on how communication developed phylogenetically and what are 

the foundations of communication from an evolutionary perspective. And third, through the 

assumption of having a genericity bias in infancy, Natural Pedagogy can help to understand 

how human semantics can develop. Therefore, the theory of Natural Pedagogy can create 

testable hypotheses about the acquisition of human language and communicative gestures 
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which makes the theory relevant both for the field of communication and for the field of social 

learning. Consequently, although Natural Pedagogy does not address many issues that are 

important in the understanding of communication (for instance it does not raise the question of 

how we can understand the meaning of informative signals appropriately) it can provide good 

insights about the development of human and animal communication, therefore it can be an 

ideal theoretical basis of comparative studies about communication.  
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Main objectives and methods 
 

The main goal of the present thesis is to investigate the sensitivity to and the 

understanding of ostensive and informative signals in human infants and also in dogs. More 

specifically, the results presented below try to explore two general issues in the framework of 

Natural Pedagogy. 

The first question is related to ostensive signals. The theory of Natural Pedagogy 

proposes that ostensive signals are crucial in the recognition of communication, therefore the 

sensitivity to those signals is innate in human infants. However, there is empirical evidence 

reviewed above, that non-human species – especially dogs – have a similar sensitivity to 

ostensive signals as humans. Based on these previous findings and on the assumption that dogs 

have unique skills in the domain of communication due to their domestication, we tested the 

extent of such a similarity investigating 1), the sensitivity to turn-taking contingency that might 

serve as an ostensive signal in dogs as well (Thesis I.), 2) the role of human ostensive signals 

in the initiation of communicative interactions with dogs (Thesis II. and III.). 

The second main question in the present dissertation is about the understanding of 

informative signals in dogs and human infants, more precisely about the meaning of pointing 

in these two species. The theory of Natural Pedagogy assumes that pointing has a human-

specific way of use. It is a tool to give or request information about an object to share 

communicative information with others. However, as it was pointed out previously, numerous 

species can understand human pointing, and dogs proved to be rather skillful in this respect, 

raising the possibility that the understanding of pointing by humans is not a species unique 

capacity. Moreover, despite some recent, empirical evidence, it was also debated whether 

pointing could serve as a device in infancy to request new information, and not simply to share 

some experience with an adult. Thus, we aimed to test these two issues with regard to human 
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pointing in order to understand 1) whether the meaning of pointing for dogs is the same as for 

infants (Thesis IV.), and 2) the intention behind pointing in human infants (Thesis V.). 

To implement the above questions we used pure behavioral methods. With dogs, we 

performed two-alternative forced choice tasks in which the dog had to select one object out of 

two after one of them was indicated by the experimenter or by an agent. With this method, 

dogs’ reaction to human pointing and the sensitivity to ostensive cues could be tested in a 

context where a target object (for instance, which was indicated by pointing) was pitted against 

a nontarget. With infants, we also used behavioral methods where the task of the infant was to 

point towards target objects appearing from behind a curtain. In both paradigms, the spatial and 

temporal features of infants’ and dogs’ actions could be analyzed offline to determine the 

factors that might play a crucial role in the understanding and use of ostensive-communicative 

signals. 
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Thesis points 
 

Thesis I.: Dogs can attribute agency on the basis of contingent reactivity, similarly to 

human infants 

Within the broader framework of the Natural Pedagogy theory (Csibra, Gergely, 2006, 2009, 

2011; Gergely, 2013) we investigated dogs’ sensitivity to the ostensive cue of contingent 

reactivity and dogs’ ability to recognize and attribute agency depending on the degree of the 

contingent reactivity observed (Tauzin, Kovács, Topál, 2016). We hypothesized that dogs – 

like human infants – are able to discriminate between the different degrees of contingency 

manifested by third-party entities, moreover on the basis of highly contingent behavior they can 

attribute agency to these entities. To test these hypotheses dogs were presented with a self-

propelled agent which responded by movement actions to vocal commands played from a 

computer. In the Perfect Contingency condition the vocal commands were always followed by 

the movement action of the self-propelled agent. In the High-but-Imperfect Contingency 

condition the degree of contingency was smaller, as the agent responded to the vocal commands 

only 2/3 of the cases. In the Low Contingency condition the agent had an even smaller response 

rate. It moved only 1/3 of the cases when a vocal command was played. In the test phase the 

self-propelled agent approached one of two lateral target objects in four trials. Since previous 

empirical results suggest that dogs preferentially choose an object which was previously visited 

by an agent (Hare, Tomasello, 1999) we assumed that dogs will select the target approached if 

they had attributed agency to the self-propelled entity. In contrast, in the lack of agency 

attribution, dogs would select between the targets randomly. We found that dogs selected the 

previously approached target object significantly above chance in the Perfect Contingency 

condition and they choose randomly among the two objects in the Low Contingency condition 

resulting in a significant difference between these two conditions. The performance of dogs 
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was in between the two conditions in the High-but-Imperfect Contingency condition. These 

results suggest that in line with our main hypotheses dogs can differentiate between the distinct 

degrees of contingent reactivity and they can attribute agency when the degree of contingency 

is perfect. This ability is similar what was found in human infants (Deligianni, Senju, Gergely, 

& Csibra, 2011; Johnson, Slaughter, Carey, 1998; Meltzoff, Brooks, Shon, Rao, 2010; 

Movellan, Watson, 2002; Watson, 1972; Watson, 1994) implying that the sensitivity to 

contingent reactivity might play a role in the understanding of agency and interactions also in 

non-human species which could provide a basis for communicative and social skills. 

 

Thesis II.: Dogs follow referential pointing only if it was preceded (and not followed) by 

ostensive cues indicating communicative intent. In human-dog communication the order 

of ostensive and referential signals is fixed similarly to human-human communication 

The ostensive-inferential accounts of communication (Csibra, 2010; Sperber, Wilson 1986; 

Scott-Phillips, 2014; Wilson, Sperber, 2012) posit that a necessary prerequisite of the 

understanding of human communication is the recognition of the communicative intent. 

According to these theories communicative behavior and its informative content can only be 

identified if communication preceded by ostensive cues that express the communicative intent 

of the speaker. As dogs are highly sensitive to ostensive cues (Kaminski, Schulz, Tomasello, 

2012, Topál, Kis, Oláh, 2014) and some referential signals, such as pointing (Hare, Call, 

Tomasello, 1998; Miklósi, Soproni, 2006; Riedel, Schumann, Kaminski, Call, Tomasello, 208) 

or gazing (Téglás, Gergely, Kupán, Miklósi, Topál, 2012) we tested whether dogs – similarly 

to humans – are also sensitive to the order of ostensive and referential cues (Tauzin, Csík, Kis, 

Kovács, Topál, 2015). In order to investigate this issue, in a within-subject paradigm dogs were 

provided with signal triplets in two different orders. In the Relevant Sequence condition 

ostensive cues (looking at the dog while saying the dog’s name) preceded the pointing gesture 
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of a human at one of two lateral target objects. These signals were followed by a nonostensive 

attention getter (the clapping of hands). In the Irrelevant Sequence condition the ostensive and 

nonostensive signals were switched, therefore the attention of the dog was raised before 

pointing but without the expression of the communicative intent of the human experimenter. 

After the different signal triplets, dogs were allowed to choose between the two objects. We 

hypothesized that if dogs are sensitive to the order of ostensive and referential signals and 

ostensive signals cue the communicative intent of the human they will be more likely to follow 

the referential pointing. Therefore, we predicted a significant effect of pointing on dogs’ choices 

in the Relevant Sequence condition and chance-performance in the Irrelevant Sequence 

condition. We assumed that if the mere presence of the ostensive cues are enough for the dog 

to follow the referential cue (for instance due to heightened level of attention of the dog) dogs 

will show an above chance performance in both conditions. Our results, however, did not 

support this latter prediction. We found that dogs follow the pointing of the human experimenter 

reliably if this referential gesture was preceded by ostensive cues, but choose between the 

objects randomly when the ostensive cues were produced after the referential signal. This 

implies that – similarly to humans – ostension can represent the speaker’s communicative 

intentions for dogs and can indicate that the referential signal is addressed to the dog. These 

results imply that the recognition of ostension is not a human specific adaptation and can occur 

in non-human species as well. 

 

Thesis III.: Ostensive signals are more than simple attractorss because they can indicate 

the intention to communicate for dogs, in contrast to attention-getter cues 

A common critique of the sensitivity to ostension holds that ostensive cues are merely efficient 

attention-grabbing stimuli (e.g. Szufnarowska, Rohlfing, Fawcett, Gredebäck, 2014). The 

attention modulation hypothesis predicts that all the salient gestures (for instance nodding or 
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shivering) can have similar effects than ostensive cues, therefore they can also trigger the 

following of subsequent referential behaviors. This low-level interpretation can be applied to 

dogs’ behavior as well (and probably to other species’ behavior also, see e.g. Kaminski, Riedel, 

Call, Tomasello, 2005; Miklósi, Pongrácz, Lakatos, Topál, Csányi, 2005. In contrast, the theory 

of Natural Pedagogy predicts that the ostensive cues are more than simple attention-grabbing 

stimuli as they express the communicative intent of the communicator. To compare these 

alternative views we presented dogs with mere pointing gestures in one condition and pointing 

preceded by a highly attention-grabbing cue (the clapping of hands) in the other to measure the 

effect of a salient cue on dogs’ performance (Tauzin, Csík, Kis, Kovács, Topál, 2015). We 

conducted this experiment in the same setup as described above at Thesis II. We assumed that 

the clapping of hands should induce the following of pointing compared to mere pointing if the 

attention modulation account is appropriate. In contrast, dogs should show similar performance 

in both conditions if the clapping of hands cannot have the same role as ostensive cues. We 

found that dogs’ performance did not differ significantly in the two conditions, however they 

followed pointing significantly above chance if the clapping of hands preceded it. This pattern 

of results indicate that although the clapping of hands was sufficiently attention-grabbing 

stimulus for the dogs, they failed to interpret that as an indicator of the communicative intent 

of the human. Therefore, it seems that the attention modulation account could not explain dogs’ 

sensitivity to ostensive cues and its special role in human-dog communication. 

 

Thesis IV.: In contrast to humans, ostensive pointing by default refer to a location and not 

to an object for dogs 

Referential gestures – and in particular referential pointing – could convey information about 

different kind of referents. Although humans usually point to an object and interpret pointing 

as referring to an object from very early on (Liszkowski, Carpenter, Tomasello, 2006; 
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Tomasello, Carpenter, Liszkowski, 2007) the same gesture could also indicate a location or 

direction (Liszkowski, Carpenter, Striano, Tomasello, 2006). By default, human infants seem 

to have a bias to interpret ostensive pointing as an indexical cue that assigns a specific object. 

In contrast, they encode a location better if a nonostensive reaching is directed towards a target 

object at a given location (Yoon, Johnson, Csibra, 2008). Based on these empirical results and 

considering that dogs are often treated as a model species of human communication (Topál, 

Kis, Oláh, 2014) we investigated whether dogs have a similar bias than human infants when 

they follow the pointing gesture of a human communicator (Tauzin, Csík, Kis, Topál, 2015). 

We presented dogs with one-one lateral target objects on the left and right side of the human 

communicator who pointed at one of them in an ostensive or nonostensive manner. After 

pointing, the human communicator swapped the sides of the two target objects in full view of 

the dog, and the dog was then allowed to choose one object from the two. We hypothesized that 

if the default function of pointing is the same for dogs than for humans dogs will select the 

indicated object at the new location in the ostensive communicative context. However, if the 

default function of pointing is different in the two species, they will choose the new object at 

the previously indicated direction. Our results supported the latter hypothesis. Dogs chose the 

new object at the indicated direction significantly above chance if ostensive cues manifested 

the communicative intent of the human experimenter. In contrast, dogs’ performance did not 

differ significantly from chance in the nonostensive condition yielding a significant difference 

between the ostensive and nonostensive conditions. These results imply that the default function 

of pointing might be different in the two species. For dogs, referential pointing presumably 

indicates a location where the dog is expected to perform an order given by a human 

communicator. Unlike human infants, it might have less ecological relevance to them to use 

pointing as a signal that conveys information about an object or its properties (see Bräuer, 

Kaminski, Riedel, Call, Tomasello, 2006). Consequently, pointing can be a protoimperative 

61



rather than a protodeclarative gesture for dogs. These findings highlights that despite the 

similarities in the overt behavior with humans, pointing serves a potentially different function 

in dogs. 

 

Thesis V.: Besides its protodeclarative and protoimperative function, referential pointing 

can also have a protointerrogative function for human infants 

The aim and function of infants’ referential pointing has been discussed for a long time (Bates, 

Camaioni, Volterra, 1975). Since then, it was claimed that infants’ pointing can either direct 

the attention of others to interesting objects or events, thus pointing can serve as a 

protodeclarative gesture or it is produced to indicate which object the infant would like to 

retrieve, in other words it has a protoimperative meaning (Tomasello, Carpenter, Liszkowski, 

2007). Recently, it was proposed that referential pointing can also have a protointerrogative 

meaning for infants (Harris, Lane, 2013; Southgate, van Maanen, & Csibra, 2007). That is, 

pointing is produced to induce an informative response in adults about the referent object. To 

test this proposal and to compare the predictions of the protointerrogative and protodeclarative 

accounts we designed a study (Kovács, Tauzin, Téglás, Gergely, Csibra, 2014) in which infants 

were shown with toy objects from behind a curtain to elicit infants’ pointing behavior. If the 

infant pointed at the object displayed, the experimenter reacted to the referential gesture either 

with giving information about the referent (to satisfy a protointerrogative need – Informing 

condition) or expressing shared attention without giving any new information (Sharing 

condition). The new information were emotional reactions in Experiment 1 and pseudowords 

in Experiment 2, while the sharing of attention was the expression of positive interest (with 

nodding and saying “ühüm”) or already known labels of objects, respectively. We found that 

significantly more infants pointed at the toy object in the Informing than in the Sharing 

condition. Moreover, in contrast to the Sharing condition in the Informing condition there was 
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no decline across trials in the proportion of infants who pointed at the referent. Our results 

suggest that infants might expect new information about the referent they point at, using this 

referential gesture in a protointerrogative manner. This, however, does not imply that pointing 

cannot have a protodeclarative meaning in some contexts, rather it suggests that pointing can 

have more functions than it was previously assumed. 
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Studies 
 

Study 1.: Kovács, Á. M., Tauzin, T., Téglás, E., Gergely, Gy., Csibra, G. (2014) 

Pointing as Epistemic Request: 12-month-olds Point to Receive New Information. Infancy, 

19(6), 543-557. doi: 10.1111/infa.12060 
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Sharing condition. This suggests that the feedback that contained new infor-
mation matched infants’ expectations more than mere attention sharing.
Such a result is consistent with the idea that not just the comprehension but
also the production of early communicative signals is tuned to assist infants’

learning from others.

Pointing as a referential communicative act seems to be unique to human
behavior (Tomasello, 2009). The questions of when and why young chil-
dren start using pointing for communication are important not only for
understanding infants’ preparedness to successfully initiate communicative
interactions, but they also offer a route to study infants’ early abilities in
grasping social agents’ intentional and referential states.

Human infants start to point to objects and events for adults shortly
before their first birthday (Carpenter, Nagell, & Tomasello, 1998). Tradi-
tionally, these gestures are classified as (proto-)imperative or (proto-)
declarative in nature (Bates, Camaioni, & Volterra, 1975), depending on
the communicative content they attempt to convey (e.g., “Give that to
me!” versus “I like that”). Liszkowski and colleagues provided ample evi-
dence that the primary function of early pointing is not imperative but
declarative, and infants are guided by two kinds of social motives in
pointing to objects or events (Liszkowski, Carpenter, Henning, Striano, &
Tomasello, 2004; Liszkowski, Carpenter, Striano, & Tomasello, 2006;
Liszkowski, Carpenter, & Tomasello, 2007a,b; Tomasello, Carpenter, &
Liszkowski, 2007). Infants may point (1) to provide information for adults
who appear to be ignorant of some relevant episodic fact (“Helping”) or
(2) to share their interest and excitement about an object or an event
(“Sharing”), for instance to share an experience with the parent, as it was
also suggested by Baldwin and Moses (1996).

In this study, we address the question whether a further motive,
requesting information about the referent, could also explain infants’
pointing to objects and events, as has been proposed on theoretical
grounds earlier (Csibra & Gergely, 2006; Southgate, van Maanen, &
Csibra, 2007). Whether or not infants sometimes point purely to express
their interest for an adult, plenty of evidence suggests that they are also
motivated to learn from adult informants, both by mere observation and
by referential communication (e.g., Gergely, Bekkering, & Kiraly, 2002;
Kir�aly, Csibra, & Gergely, 2013; Vaish, Demir, & Baldwin, 2011). How-
ever, young infants might not only be good “consumers” of information,
as it was argued in earlier proposals (Baldwin & Moses, 1996), but they
might also be active seekers of information (Vaish et al., 2011), and point-
ing could serve such a function. If infants can themselves assign referents
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by pointing (Liszkowski et al., 2007a), this gesture could also serve as a
question to initiate referential communication from an adult, which may
provide an opportunity to infants to learn from the response. Such a
(proto-) interrogative use of pointing (e.g., “What is that?”) may also
express infants’ interest in the referent, but the underlying motive of this
expression would be epistemic gain rather than mental state sharing. In a
recent analysis on infants’ capacity to understand nonverbal and verbal
information exchange, Harris & Lane (2013) have also distinguished inter-
rogative pointing from imperative and declarative pointing.

In an earlier study, Liszkowski et al. (2004) tested whether pointing at
12 months of age is guided by a strong motivation to share intentional
states (attention and interest) with an adult. They compared a sharing
(“joint attention”) situation, in which the adult responded to infant
pointing with sharing attention and interest in the referent (alternating
gaze between the child and the event while positively emoting), with
other situations in which the adult ignored the pointing gesture, did not
look at the referent, or did not look at the child. They found that
infants were subsequently more likely to point to new events when the
addressee had responded with attention sharing than in the other situa-
tions. However, in the sharing condition, the adult not only shared
infants’ attention to the referent, but also provided information about
the target object, saying “Oh wow! What’s that? Are you showing
Grover to me? Yes he is blue” (p. 299). Further studies from the same
group employed other kinds of information, for example valence (“Oh,
That’s nice!”) in response to infants’ pointing gestures (Liszkowski et al.,
2007a). However, such responses seem to go beyond what is required for
establishing joint attention with an infant, as they involve an additional
commentary with a specific content predicated about the referent.
Liszkowski et al. (2007a) argue that the commentary also serves the
function of sharing, not just sharing attention to the referent, but also
sharing the infant’s subjective attitude (likely a positive one) toward the
referent. Given, however, that the infants’ referential pointing is often
produced without any clear expression (verbal, emotive, or gestural)
specifying the content of their specific attitude toward the referent, the
proposal that the content expressed by the adult matches the infant’s
(often nonexpressed) intentional attitude remains inferential. In fact, this
leaves open the alternative possibility that the adult’s commentary func-
tions to convey some informative content about the referent that is new
to the infant, and does not mirror or match the infant’s intentional atti-
tude toward the referent. Whether or not this alternative is embraced, it
at least makes uncertain whether infants’ pointing was facilitated because
the adult had shared attention (and maybe referential attitude) with
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them, or because the adult provided new information about the target
(its name or its valence).

We developed modified versions of the Liszkowski et al. (2004) para-
digm to investigate whether infants’ pointing is driven by the expectation
to learn new information. In two experiments, we measured infants’ satis-
faction with adult’s response to their pointing in a “Sharing” and an
“Informing” condition. In both conditions, the adult established joint
attention to an object with the infant (which may be a necessary condition
for successful communication), but only in the Informing condition was
this accompanied by novel referential information. If infants’ only goal of
pointing were attention (and attitude) sharing with the adult, we should
see no increase in pointing when new information is provided in response.
However, if pointing serves epistemic purposes as well, then infants should
be more satisfied with the adult’s response in the Informing condition.

EXPERIMENT 1

In Experiment 1, we provided different types of responses to two groups of
infants after they had pointed to an object. In the Sharing condition, the
experimenter shared attention and interest in the event with the infant, while
in the Informing condition, the adult also provided positive or negative
valence information about the target. We compared how often infants pointed
across the trials in the two conditions. According to the account that infants
point to share their interest and positive attitude (Liszkowski et al., 2004;
Tomasello et al., 2007), they should point the same amount in the two condi-
tions, because joint attention is established in both. Moreover, they might
even point less often in the Informing condition, in which they also receive
responses involving negative emotional expressions elicited by the expression
of their own positive attitude. In contrast, if infants’ pointing is rooted in a
motivation to request information about the referent from an adult, they
should point more in the Informing condition than in the Sharing condition,
because the feedback they receive would meet better their expectation.

Method

Participants

Thirty-two healthy full-term monolingual 12-month-olds (range
12 months 5 days to 12 months 29 days, 15 females), randomly assigned
to one of the two conditions, completed the study. Four additional infants
did not finish the experiment due to fussiness, 3 infants were excluded due
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to parental interference, and further 8 infants did not point at all during
any of the trials and thus were excluded from the analyses (the number of
excluded infants was similar in the two conditions).

Apparatus and materials

Infants were tested using a procedure similar to Liszkowski et al.
(2004). They were seated on the caretaker’s lap at a table facing Experi-
menter 1. A toy with multiple parts that could be manipulated in several
ways was on the table throughout the study. Behind Experimenter 1, a
gray curtain hung, which had an opening where puppets emerged during
the study. Experimenter 2 was hidden behind the curtain and operated the
puppets (Figure 1). We used eight different puppets (a teddy bear, a crow,
a cat, a dog, a cow, a fox, a lion, and a rooster) of approximately the
same size. The behavior of infants and experimenters was recorded by two
video cameras and was coded offline. Caretakers were instructed to hold
their infants and avoid interacting with them during the study.

Procedure

Infants were randomly assigned to one of the two experimental condi-
tions (Sharing or Informing) and were exposed to eight trials. Before each
trial, the experimenter played with the child for 30–40 sec using the toy on
the table. Then Experimenter 1 signaled to Experimenter 2 to display the
puppet from behind the curtain by embedding the word “now” in various
sentences across trials. At the same time, the toy on the table was retracted,
and Experimenter 1 leaned back, refraining from interaction with the infant
to avoid distraction. The puppet was displayed in the visual field of the child
right behind the experimenter and bounced rhythmically for 25 sec, during
which period the child could point to it. We made sure that infants noticed
the toy in all trials. Infants who failed to notice the toy due to looking to the
mother or fussing out were considered fussy and excluded from the analysis.
Thus, all participants who were included in the analysis contributed data in
all the 8 trials.

Experimenter 1 ignored the puppet until the infant pointed to it. If
the child pointed1, Experimenter 1 reacted for 5 s in a “Sharing” or
“Informing” manner depending on the condition. In the Sharing condi-
tion, Experimenter 1 smiled, nodded, and said “ €Uh€um” in Hungarian

1We defined pointing following the criteria of Liszkowski et al. (2004), that is, the infant

extending the arm and index finger or open hand, palm down, in the direction of the stimu-

lus.
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(corresponding to “Yeah” or “Uh-huh”), acknowledging that she had
noticed the puppet by looking back and forth between the child and the
puppet and simultaneously expressing (Sharing) a positive interest. In the
Informing condition, Experimenter 1 looked back and forth between the
child and the puppet, while simultaneously expressing one of the four ref-
erential attitudes toward it as if she was transmitting valence information
about the object. The attitudes were conveyed by facial expressions and
by an appropriate interjection. The attitudes were (1) surprise, expressed
by “H}uha” (“Wow”); (2) delight, expressed by “�A�a�a�a” (“Aah”); (3)
disgust, expressed by “Pfuj” (“Yuck”); and (4) fright, expressed by “Juj”

Figure 1 Schematic illustration of the setting in Experiments 1 and 2.
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(“Yikes”). Each of the four attitudes was presented in two of the eight tri-
als in pseudorandom order (different for each infant).

In both conditions, if the child pointed again while the puppet was dis-
played2, or if 5 sec elapsed from Experimenter 1’s reaction, Experimenter
1 repeated the same response for another 5 sec. Then the puppet disap-
peared, the trial ended, and Experimenter 1 engaged the child in playing
with the toy on the table.

Results

First, we calculated the proportion of trials in which infants had pointed at
least once toward the puppet. Pointing proportion was higher in the Inform-
ing condition (M = .83, SD = .23) than in the Sharing condition (M = .64,
SD = .24; Mann–Whitney test (z = 2.5, p = .01). We also analyzed how
infants’ inclination to point developed across trials (Figure 2a) by averaging
pairs of consecutive trials in four mini-blocks (Block 1 = trials 1–2; Block
2 = trials 3–4; Block 3 = trials 5–6; Block 4 = trials 7–8). A multinomial
logistic regression with the factors Condition (Sharing versus Informing) and
Block (1–4) yielded a main effect of Condition (v2 = 15.5, p = .01) and a Con-
dition X Block interaction (v2 = 17.45, p = .04). Infants in the two conditions
pointed similarly often during the first two trials (Mann–Whitney z = 0.19,
p = .84), while more infants pointed on the last two trials of the Informing
condition compared to the Sharing condition (Mann–Whitney z = 2.86,
p = .004). This suggests that infants in the two groups were equally likely to
point initially and that the feedback they received had a differential effect on
their subsequent pointing behavior in the two conditions.

To investigate whether the valence of the experimenter’s response
had an effect on infants’ pointing, we calculated the proportion of trials
with pointing for trials following a positive (delight, surprise) or negative
(disgust, fright) response. Trials that were not preceded by feedback in the
previous trial, that is, (1) the first trial of each participant and (2) those
that followed trials in which infants did not point, were excluded from this
analysis. Thus, excluding the first trials, the total number of trials that
could follow a feedback (negative or positive) was maximum seven per
infant. The exclusion of trials that followed a no point (and thus no feed-
back) resulted in a mean average number of coded trials of 2.93 following
a positive trial, and a mean average number of coded trials of 2.75

2In case the infants pointed while the puppet was not displayed, Experimenter 1 did not

follow their point and briefly commented on the behavior (e.g., “Aha, that was a nice point,”

following Liszkowski et al., 2004), and drew the child’s attention back to the toy on the

table.
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following a negative trial (Wilcoxon z = .53 p = .59). Note that when a
child pointed after a positive or negative feedback on the following trial,
the child could not yet know whether this pointing would elicit a positive

(a)

(b)

Figure 2 Proportion of infants pointing in each trial as a function of condition in

Experiment 1 (a) and Experiment 2 (b).
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or negative feedback on that specific trial, as pointing preceded feedback.
We found that infants produced more pointing gestures after negative tri-
als (M = .95, SD = .14) than after positive ones (M = .81, SD = .26),
although this difference did not reach statistical significance (Wilcoxon
z = �1.62, p = .10). This result suggests that both negative and positive
referential attitudes provided a valuable feedback for the infants, and
opens the possibility that negative attitudes could be evaluated by infants
as constituting a potentially more valuable or informative feedback. This
would be in line with the predictions of the interrogative account of infant
pointing, but not with the predictions of the sharing account.

EXPERIMENT 2

In Experiment 2, we intended to establish the contrast between “Sharing” and
“Informing” responses to infant pointing in a different way.One reason for this was
to control for some aspects of the manipulation we used in Experiment 1, which
were not relevant for the question of interest. In particular, the experimenter’s feed-
back to the infant in the Informing condition was richer and more variable across
trials than it was in the Sharing condition (the same way as the “Joint attention”
condition provided a more variable feedback than the other conditions in the study
by Liszkowski et al., 2004). In addition, we wanted to test another difference
between declarative and interrogative accounts of infant pointing: Sharing experi-
ence and mental states between communicative partners is more likely to be estab-
lished on the basis of common semantic knowledge, while informing implies
asymmetric distribution of knowledge. We established this contrast by presenting
infantswith objects thatwere atypicalmembers of a knownkind (e.g., a cat in boots,
or a race car), and in response to their pointing, we labeled the object with a familiar
word (“a kitty”) in the Sharing condition, or a novel one (“a dax”) in the Informing
condition. This procedure equated the variability of feedback across trials in the
two conditions and allowed us to test whether infants preferred the adult’s response
that came from shared semantic knowledge or the one that provided new informa-
tion about the referent. If pointing serves an epistemic request, infants should be
more satisfiedwith the latter type of response.

Method

Participants

Thirty-two healthy full-term monolingual 12-month-olds (age range
from 12 months 5 days to 12 months 29 days, 14 females), randomly
assigned to one of the two conditions, completed the study. An additional
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five infants did not complete the experiment due to fussiness, two infants
were excluded due to experimental error, and further nine did not point at
all during any of the trials and thus were excluded (the number of
excluded infants was similar in the two conditions).

Apparatus and materials

Infants were tested with the same apparatus as in Experiment 1. We
used 8 different toys for both conditions: a teddy bear with a hat, a ball
with spines, a cat in boots, a racing car, a doll puppet with a hat, a bunch
of plastic keys, a dog puppet, and a green telephone.

Procedure

The procedure was identical to Experiment 1 with the following excep-
tions. In the Sharing condition, the experimenter looked at the target
object (e.g., a cat) while labeling it with a word familiar to infants of this
age (“kitty”). In the Informing condition, the experimenter looked at the
target object while labeling it with a pseudoword (“dax”). The familiar
words were taken from the database gathered from parents of 12-month-
old Hungarian infants, reporting which words their infant understood.
While parental reports do not seem to be fully reliable at this age, as
recent studies found that infants’ performance does not correlate with
parental reports on vocabulary (Bergelson & Swingley, 2012, 2013), we
made sure to select words that were most frequent in this database. The
words were maci (teddy), labda (ball), cica (kitty), aut�o (car), baba (doll),
kulcs (key), kutya (dog), and telefon (phone). Recent EEG studies
showed that younger, 9-month-old Hungarian infants can match these
very same words with their referents (Parise & Csibra, 2012). The pseudo-
words were composed from the same pool of phonemes as the familiar
words and were tacok, malaba, bukuci, lad, cef�o, nala, bitye, and csuta.
We ensured that the nonwords were phonotactically legal in Hungarian.
Each puppet was named twice during a trial in both conditions: “Wow a
kitty! This is a kitty” and “Wow a dax! This is a dax.” The labels in the
two conditions contained similar phonemes and were embedded in the
same carrier sentences, while the tone and valence of the utterance was
kept constant.

Results

As in Experiment 1, we compared the proportion of trials in which infants
pointed at least once during Experiment 2 between the two conditions.
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We found that infants more likely pointed in the Informing condition
(M = .86, SD = .14) than in the Sharing condition (M = .67, SD = .23;
Mann–Whitney test (z = 2.49, p = .01). We analyzed how infants’ pointing
behavior developed across the trials the same way as we did in Experiment
1 (Figure 2b). A multinomial logistic regression with the factors Condition
(Sharing versus Informing) and Block (1 to 4) yielded a main effect of
Condition (v2 = 13.8, p = .003) and no other effects. Furthermore, infants
pointed similarly often on the first two trials of the two conditions
(Mann–Whitney z = .58, p = .56), while they pointed more on the last two
trials of the Informing condition compared with the Sharing condition
(Mann–Whitney z = 2.3, p = .02). This suggests that infants in the two
groups were equally likely to point initially and that the feedback they
received had an effect on their pointing behavior.

Additionally, we analyzed infants’ behavior on the trials where no
pointing was produced. We coded the behavior of the infants on these tri-
als with respect to the referential looks to the experimenter from the target
object and with respect to vocalizations. In the trials where no pointing
occurred, infants provided 1.26 referential looks (looking from the target
toy to the experimenter) toward the experimenter on average in the Shar-
ing condition, and 1.49 in the Informing condition (Mann–Whitney
z = .99, p = .32). Regarding the vocalizations produced toward the target
or the experimenter in the period while the target was displayed but no
pointing occurred, infants had 1.4 vocalizations on average in the Sharing
condition and 1.1 in the Informing condition (Mann–Whitney z = .67,
p = .50).

DISCUSSION

Results from two experiments suggest that a feedback that provided new
information (a referential attitude or a new label) about an object led to
more frequent subsequent pointing behavior than a feedback whereby the
experimenter simply shared attention and interest with the infant. While in
Experiment 1 in the experimenter provided a more variable feedback in
the Informing condition than in the Sharing condition, in Experiment 2,
the feedback had the same variability in both conditions. This was
achieved by using a different label on each trial. The finding that infants
pointed more in the Informing condition does not seem to be in line with
the predictions of the account according to which infants point to novel
objects or events solely to share attention and interest with an adult
(Liszkowski et al., 2004; Tomasello et al., 2007). However, the results fit
very well with the epistemic request hypothesis, according to which infants
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expect to learn something from the response they receive to their pointing
gesture (Southgate et al., 2007).

This interpretation of our results is compatible with other recent find-
ings. Infants in the second year of life point more for adults than for peers
(Franco, Perucchini, & March, 2009), and 16-month-old infants are more
likely to point for adults who have been seen competent in labeling objects
than for ignorant ones (Begus & Southgate, 2012). In the study of Begus
and Southgate (2012), the mislabeling adult used words that infants knew
to refer to a different kind of object (calling the cat “a ball”), and this
gave infants evidence about the unreliability of her responses. In contrast,
in Experiment 2 of the present study, familiar labels were contrasted with
novel labels. This allowed infants to interpret the label as a novel word
for an object, which might have equally been an atypical member of a
familiar kind or an exemplar of a novel kind, thus both containing new
information. While either interpretation would support the interrogative
role of pointing, earlier studies on the phenomenon of mutual exclusivity
in word learning suggest that infants could have preferred the latter
option. Indeed, it is regularly found that infants generally avoid accepting
alternative labels for the kinds they already have a label for (Markman,
Wasow, & Hansen, 2003).

It is also noteworthy that, in agreement with the informing account, it
is primarily novel objects and unexpected events, rather than familiar
scenes, that elicit pointing, although at a later age, infants can also selec-
tively point to pictures they have previously shared with an adult (Liebal,
Behne, Carpenter, & Tomasello, 2009). One could raise the question
whether infants’ pointing in our study was triggered by novel events.
However, while novelty is indeed a necessary criterion for acquiring new
information, the events (appearance of puppets) that triggered the point-
ing in our study were the same in the Sharing and the Informing condi-
tions. Thus, given that the new information could come only after the
infant pointed, a more appropriate description of our finding would be
that infants pointed to trigger novel responses, rather than novelty trigger-
ing infants’ pointing.

It has been shown that adults tend to respond to infant pointing by
verbal communication, whether or not the infant has been vocalizing dur-
ing the gesture, suggesting that the natural interpretation of infant point-
ing is interrogative (Kishimoto, Shizawa, Yasuda, Hinobayashi, &
Minami, 2007). We have also found that a negative referential attitude
presented by the adult was not in conflict with infants’ expectation, and
did not disrupt or inhibit their subsequent pointing. This result is also
incompatible with the idea that what infants intend to achieve with the
pointing gesture is that the adult’s mental and emotional state be adjusted
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to their own attitude (e.g., “the adult not just attend to a referent but also
align with their attitude about it” Tomasello et al., 2007, p. 713). Earlier
findings indicated that infants pointed more when the adult expressed a
positive attitude (“Oh, that’s nice! You are showing something neat to
me.”) compared to a more negative attitude (“Hmm? Well, that’s not
really exciting,” Liszkowski et al., 2007a). However, such pattern could
have been due to the fact that while in the positive attitude case, the
experimenter expressed valence information about the object, the negative
case could have been perceived by the infant as expressing disinterest or
refusal to communicate about the referent, rather than a negative attitude
about the referent. In contrast, the present study involved equivalent
amount of positive and negative referencing, and our account predicted
that expressing a negative referential attitude or negative valence toward a
target can be as important, or even more important from an evolutionary
point of view, as expressing positive valence.

While our results are better explained by the “Epistemic request”
account than the “Sharing” account of infants’ pointing, we do not pro-
pose that purely declarative motives never drive infants’ gesturing. Just
like imitation, which may serve both cognitive (epistemic) and social (col-
laborative) functions (Over & Carpenter, 2013; U�zgiris, 1981), productive
communication in infancy may also be rooted in both epistemic and affi-
liative motives. Nevertheless, the relation between an infant and an adult
is inherently asymmetric, and so, infants should try aligning their mental
states (including their knowledge) to others rather than attempting to do
the reverse. If infants use the pointing gesture as an epistemic request, they
can take an active part in the process of information gathering by desig-
nating the referent about which they wish to learn.

How much of this behavior is originating from infants’ intrinsic motiva-
tion to learn, or from the social situation that may itself indicate the possibil-
ity of learning, is difficult to answer. It is possible that it was the
experimenter’s ostensive-communicative behavior that made infants think
that it was a “pedagogical” situation where they could acquire new knowl-
edge (Csibra &Gergely, 2009; Gergely &Csibra, 2006). However, the Sharing
and Informing conditions did not differ in the amount of ostensive or deictic-
referential signals that infants received, so they could not explain the contrast
between conditions. Also, if infants’ motivation to point is triggered only by
the answer they received, they would point less initially and would increase
this response only after they have received feedback. However, our results
(Figure 2) did not confirm this prediction, especially in Experiment 1. Per-
haps the most cautious explanation to our findings is that infant’s motivation
to point to novel events is explained by the interaction between the social con-
text of a responsive adult and their drive to acquire knowledge.
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One could also raise the possibility that infants might be motivated to
point in ways that are consistent with and conducive to learning, however
without being motivated to learn. As motivation cannot be measured
directly, it can only be inferred from what function the behavior in ques-
tion could serve. While one can imagine a framework where pointing
behavior emerges for an unrelated reason and serves learning as a by-
product, until such a reason is specified, we are inclined to favor the alter-
native hypothesis derived from the theory that infants’ communicative
pointing may have an interrogative motive.

What kind of information may infants expect to receive when they point?
Our study identified novelty as an important factor characterizing infants’
expectation and excluded positive valence as preferred content in the adult’s
response. While the current results do not allow us to specify infants’ expecta-
tions further, in agreement with the theory of natural pedagogy (Csibra &
Gergely, 2009), we speculate that the motivation of learning drives not just
the interpretation of infant-directed communication but infant-initiated com-
munication as well. In particular, infants may expect to acquire generalizable
information about the referent, such as its kind (identified by its label), its
function (if it is an artifact), or its kind-generalizable properties (such as its
valence). Whether infants do indeed generalize the information elicited from
others by pointing remains a question for further research.
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What or Where? The Meaning of Referential Human Pointing
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Tibor Tauzin
Central European University and Budapest University of

Technology and Economics

Andor Csík
Budapest University of Technology and Economics

Anna Kis
Eötvös Loránd University and Hungarian Academy of Sciences,

Budapest, Hungary
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Dogs have a unique capacity to follow human pointing, and thus it is often assumed that they can
comprehend the referential meaning of such signals. However, it is still unclear whether dogs perceive
human directional gestures as signals referring to a target object (indicating what to manipulate) or a
spatial cue (indicating where to do something). In the present study, we investigated which of these
alternative interpretations may explain dogs’ responses to human pointing gestures in ostensive com-
municative and nonostensive cuing contexts. To test whether dogs select the cued object or the cued
location, subjects were presented with 2 alternative object-choice trials. An experimenter first attracted
the attention of the dog either by calling the dog’s name and looking at it (ostensive condition, n � 24)
or by clapping the hands (nonostensive condition, n � 24) then pointed at 1 of 2 different toy objects.
Subsequently, the experimenter switched the location of the 2 target objects in full view of the dogs by
grasping the objects and making a 180° turn. Dogs were then allowed to choose between the 2 objects.
In the ostensive condition, dogs showed a significant bias toward the cued location compared with the
nonostensive condition in which they performed at chance. These results suggest that pointing refers to
a direction or location for dogs, but only if they are addressed with ostensive cues that indicate the
communicative intention of the signaler.

Keywords: dog, pointing, location bias, object bias, ostensive communication

Use of referential communication has long been thought to be
unique to humans (e.g., Darwin, 1872). However, decades of
extensive research has revealed that some other species, including
mammals (e.g., bottlenose dolphins: King & Janik, 2013; chim-
panzees: Slocombe & Zuberbühler, 2005) and birds (e.g., ravens:
Bugnyar, Kijne, & Kotrschal, 2001) can also produce and respond
adequately to a limited set of referential vocal signals that indicate

specific objects or events in the environment (Liebal, Waller,
Slocombe, & Burrows, 2013). It remains, however, an open ques-
tion whether these signals are information-based in the sense that
they reduce uncertainty in the receiver (Carazo & Font, 2010). In
fact, production of these signals is context-specific (a specific
contextual cue triggers them), and the response to them is
stimulus-independent (might occur in the absence of the referent as
well), thus, these signals have been described as “functionally
referential” to differentiate them from the referential signals pro-
duced by humans (Wheeler & Fischer, 2012). Importantly, some
nonhuman species can also understand referential cues that are not
context-specific, namely, directional gestures such as pointing or
gazing. For instance, elephants (Smet & Byrne, 2013), seals
(Scheumann & Call, 2004), and dolphins (Herman et al., 1999) can
rely on human pointing in an object choice task, even though
pointing is not part of their own signal repertoire, while ravens
(Pika & Bugnyar, 2011) and fish (Plectropomus pessuliferus
marisrubi and Plectropomus leopardus: Vail, Manica, & Bshary,
2013) can produce specific referential gestures and can also ade-
quately respond to them.

Responsiveness to human directional gestures has also been inves-
tigated in domesticated species, for example, in cats (Miklósi, Pon-
grácz, Lakatos, Topál, & Csányi, 2005), horses (Proops, Walton, &
McComb, 2010), and ferrets (Hernádi, Kis, Turcsán, & Topál, 2012).
These skills have been most extensively studied in dogs (e.g., Wobber
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& Kaminski, 2011), whose social and communicative abilities show
some overlap with those of humans (Bräuer, Kaminski, Riedel, Call,
& Tomasello, 2006). Previous findings have suggested that dogs can
rely on various types of human directional gestures, such as different
types of pointing gestures in an object choice task where at least one
limb of the signaler protruded from the body contour (Soproni,
Miklósi, Topál, & Csányi, 2002). Dogs’ performance in these tasks is
comparable to that of 2-year-old children (Lakatos, Soproni, Dóka, &
Miklósi, 2009), and, importantly, it seems that, like infants (see
Csibra, 2010), dogs rely on ostensive cues such as eye contact or
high-pitched speech to recognize when a referential gesture is being
addressed to them (Kaminski, Schulz, & Tomasello, 2012). Both
human infants (Behne, Carpenter, & Tomasello, 2005) and dogs
(Kaminski et al., 2012; Tauzin, Csík, Kis, Kovács, & Topál, 2015) are
better at following human pointing if the directional gesture is pre-
ceded by ostensive signals that indicate a person’s communicative
intention.

This striking analogy in observable behavior, however, does not
imply that the “meaning” of pointing is the same for both species.
Referential pointing might have a different range of functions in
human infants than in dogs, because pointing can be performed and
interpreted as a declarative, interrogative, or imperative gesture. De-
clarative pointing is produced by infants to indicate an event or object
of interest in the environment (Liszkowski, Carpenter, Henning,
Striano, & Tomasello, 2004) in order to share attention and experi-
ence with someone else (Tomasello & Carpenter, 2007), while inter-
rogative pointing is an epistemic request toward a knowledgeable
person about the referent (Kovács, Tauzin, Téglás, Gergely, & Csibra,
2014). In contrast, an imperative pointing gesture would mean that the
signaler requests an action on a specific referent at a particular
location (Bates, Camaioni, & Volterra, 1975). Dogs’ response to
human pointing could reflect an imperative interpretation of pointing
(Kaminski et al., 2012; Szetei, Miklósi, Topál, & Csányi, 2003),
however, it is also possible that dogs interpret pointing as simply
providing useful information about the referent (Scheider, Kaminski,
Call, & Tomasello, 2013).

What seems common in these different explanations is that,
regardless of its function, the understanding of pointing implies
integration of signal and context to infer what was pointed at
(Wheeler & Fischer, 2012), because pointing does not have a fixed
referent (Liebal et al., 2013). It has been found that even 9-month-
old human infants interpret ostensive pointing as referring to a
target object and not as a signal indicating a specific location
(Yoon, Johnson, & Csibra, 2008). It seems that for humans com-
municative pointing carries information about the target object (by
focusing the observer’s attention on the object’s properties) and
not about the location of the designated object. Although dogs and
human infants readily grasp the informing feature of human point-
ing, it is still unclear whether dogs, like infants, perceive pointing
as a signal referring to a target object or as referring to a location
indicating where to go.

To investigate this question, we designed an object choice
paradigm where after a human pointed at one of two clearly
different target objects, the location of the objects were switched in
full view of the dog. We hypothesized that if, for dogs, the identity
of the referent object is more relevant than its location, dogs would
select the cued object at the new location. However, if dogs
perceive pointing as a signal referring to a certain location, they
would select the nonindicated object at the cued location. We also

tested whether the communicative context of pointing affected
dogs’ responses. Therefore, dogs were presented with human
pointing gestures either in an ostensive (calling the dog’s name and
making eye contact with the dog) or in a nonostensive (clapping of
hands without eye contact) condition.

Method

Participants

Fifty-nine toy-motivated pet dogs (ostensive condition: n � 30;
15 males; Mage � 3.63 years, SD � 2.43; 11 mix breeds and 19
purebreds from 13 different breeds; nonostensive condition: n �
29; 14 males; Mage � 4.38 years, SD � 2.53; eight mix breeds and
21 purebreds from 14 different breeds) were recruited from the
Family Dog Project database of the Department of Ethology,
Eötvös Loránd University. We excluded 11 dogs (six from the
ostensive and five from the nonostensive condition). Four dogs
were excluded due to a constant side bias (i.e., selecting the same
side in each trial) because the behavior of these dogs was assumed
to be independent of the pointing of the experimenter, thus dogs’
choice behavior could not be informative regarding our experi-
mental question (how dogs interpret pointing). Another seven dogs
were excluded because at least half of their test trials were invalid
due to either the influence of the owner, experimenter error, or
failure to search. All exclusions were based on a priori criteria after
the offline coding of dog behavior but before completion of data
collection, except for in the case of one dog showing in-test
anxiety where testing concluded after 6 trials. There were 48 dogs
in the final sample, 24 dogs in the ostensive condition (12 males;
Mage � 3.7 years, SD � 2.56; 10 mix breeds and 14 purebreds
from 11 different breeds) and 24 dogs in the nonostensive condi-
tion (11 males; Mage � 4.87, SD � 2.44; 6 mix breeds and 18
purebreds from 13 different breeds).

Procedure

Before starting the experiment, the owner led the dog to the
experimental room (3.0 � 5.0 m) and let it explore freely for 3
min. The owner then sat down at a predetermined point holding the
dog by its collar facing Experimenter 1 (E1) who stood at the
midline of the testing room, approximately 2 m from the dog.
Experimenter 2 (E2) stood next to the dog.

Ostensive Condition

The experiment consisted of eight trials organized into four sepa-
rate blocks. In the first block, E1 put two distinct, 18-cm tall plush
toys on the ground in reaching distance (approximately 75 cm) to the
left and right of E1. The plush toys were presented in pairs, either a
brown kangaroo with a white�yellow pig or a yellow�red bear with
a beige rabbit, none of which the dog had seen before the experiment.
The dog was prevented from witnessing the placement of the toys by
E2 who placed a dark blue plastic occluder (1 � 0.75 m) between the
dog and E1. After the plush toys were placed, E1 took the initial
position in which he stood equidistant between the two target objects,
bent his arms in front of his torso, contacted his elbows and wrists
with closed fists, lowering his head and looking at the ground (see
Figure 1). After E2 removed the occluder, E1 looked at the dog and
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called its name (“Look, [dog’s name]!”). When the dog looked at his
face, E1 pointed at the target object (1 s momentary pointing) while
also turning his head and looking at the toy. After the point, E1
assumed his initial position and then crouched down, grasped the two
plush toys, and slowly turned 180° with arms extended to switch the
side of the two toys. E1 stopped turning when his back was to the dog,
and then he simultaneously placed the toys on the ground, stood up,
lowered his arms, and stepped forward (away from the dog). Thus, E1
was facing away from the dog during the choice phase so not to
influence the dog’s behavior. At that moment, the owner was allowed
to release the dog, prompting it verbally (e.g. “You may go!” or
“Fetch it!”), but without using any gestures to direct the dog. After the
dog selected a toy (see Data Analysis section), E1 picked up the
nonchosen object. Then, or if the dog did not approach one of the
plush toys within 20 s, the owner called the dog back. The second trial
followed the same procedure, except that the target object’s initial
position, and therefore the direction of pointing, was opposite that
used in the first trial.

In the second block, the owner was instructed to lead the dog to
the opposite side of the room, sit down, and face the dog toward
the initial location. This was done to avoid an allocentric side bias.
E1 then used the second pair of plush toys to prevent the emer-
gence of a constant preference for one of the plush toys. The order
of left/right pointing in the second block was the same as in the
first. The third and the fourth blocks were exactly the same as the
first and the second blocks, respectively. The direction of the first
point and the plush toy that was pointed at first were counterbal-
anced between subjects.

Nonostensive Condition

The procedure in the nonostensive condition was exactly the
same as that of the ostensive condition, except that E1 wore black
sunglasses and avoided looking at or talking to the dog. Thus, E1
looked at the ground with lowered head when he called the dog’s
attention and he used nonverbal signals (clapping the hands)
instead of calling the subject by name.

Data Collection and Analysis

Test events were recorded and videos were analyzed offline. A
choice was coded if the dog approached a toy object within 0.5 m
with his nose. A second coder scored 50% of the dogs in both
conditions (n � 24 subjects in total). Interrater reliability was
almost perfect (Cohen’s � � 0.98).

To examine dogs’ performance, we calculated the average nor-
malized difference score based on the number of approaches to the
cued location versus the cued object for each dog (thus, 0 repre-
sents chance level on a scale from �1 to �1, positive values
indicating a bias toward the cued side and negative values a bias
toward the cued object). We employed Wilcoxon signed-ranks test
to investigate whether there was a significant difference between
the difference scores and chance level in both conditions. Differ-
ence scores were also compared using a Mann–Whitney test be-
tween the two conditions to see whether ostension had an effect on
dogs’ choice behavior.

Results

Dogs in the ostensive condition selected the cued side more often
than the cued object (Mdifference score � 0.23), 95% confidence interval
(CI) [0.09, 0.38]. Their bias toward the cued location was significant
compared with chance level (z � 2.614, p � .007, r � .533).
However, in the nonostensive condition, dogs did not have a bias
toward the cued location or the cued object (Mdifference score � �0.03),
95% CI [�0.15, 0.1]. Their performance did not differ significantly
from chance level (z � 0.253, p � .834, r � .051). The difference
between the two conditions was significant (z � 2.432, p � .014, r �
.351), showing that in the ostensive condition dogs preferred to
choose the cued location significantly more often than in the nonos-
tensive condition (see Figure 2).

Discussion

The present study investigated two possible “meanings” of human
pointing gestures for dogs. Specifically, we tested whether pointing

Figure 1. Steps of the ostensive (a1�d1) and nonostensive (a2�d2) cueing procedure. Step 1: ostensive
addressing (looking at the dog and calling the dog’s name) (a1) and getting the dog’s attention by nonostensive
clapping (a2). Step 2: momentary pointing and looking at the target (b1�b2). Step 3: 180° turn to switch the
location of the plush toys (c1�c2). Step 4: final arrangement of the objects and taking a step forward (d1�d2).
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was an object-related signal, which referred to a target object, or
whether it was a direction-related gesture, which indicated a relevant
location or direction. Our results suggest that dogs’ performance is
consistent with the directional interpretation of pointing, because—at
least in the ostensive condition—they selected the cued location
reliably above chance and tended to ignore the cued object. The above
interpretation of pointing is in line with what has been found in apes
(Haun, Call, Janzen, & Levinson, 2006), which exhibit a preference
for place over feature in a spatial memory task. Note, however, that
apes can also use feature-based strategy in food search tasks (Kanngi-
esser & Call, 2010).

The finding that dogs in the nonostensive condition chose ran-
domly reflects that, in the absence of cues to express communi-
cative intent, dogs probably did not treat the experimenter’s point-
ing as relevant to them, as has been found in previous research
(e.g., Kaminski et al., 2012). The direct comparison of the osten-
sive and nonostensive conditions provided further support for this
explanation. In fact, we found a significant difference between
these conditions, suggesting that ostension modulates dogs’ reac-
tions to human pointing gestures, as has been observed in several
other contexts (see Topál, Kis, & Oláh, 2014, for a review).
Together, these results imply that, for dogs, pointing in an osten-
sive context assigns a direction or an area.

The effect of ostensive cues, however, could have different
interpretations. It is possible that dogs have an early sensitivity to,
and innate predisposition for, human ostensive cues. However, it is
also possible that dogs associate their own name and maybe other
ostensive communicative cues with significant (mainly positive)
consequences during ontogeny (see, e.g., Elgier, Jakovcevic, Bar-
rera, Mustaca, & Bentosela, 2009, for a review of the learning
effect in dog�human communication). This would imply that
ostensive signals are more salient to dogs than nonostensive atten-
tion getters and that this difference is learned. In other words,
interpretation of human ostensive communicative signals could be
grounded within the context of the previously experienced conse-
quences of these signals. In this respect, dogs’ understanding could
differ from that of human infants because infants can understand
unfamiliar ostensive cues (e.g., shivering) as well, and even these
cues can trigger gaze-following (Szufnarowska, Rohlfing, Fawcett,
& Gredebäck, 2014).

Moreover, one might argue that the clapping of hands in the
nonostensive condition distracted or even frightened dogs in the
present study. However, a recent study has suggested that dogs
perceive the clapping of hands that precedes pointing as an atten-
tion getter, and it can even enhance their performance in an object
choice task (Tauzin et al., 2015). However, this result does not rule
out the possibility that there might be a difference between the
attention-getting properties of verbal addressing and clapping.

One could also argue that, in the present experiment, dogs were
misled by the 180° turn where the location of the objects was switched
because, in some previous studies, dogs have had difficulties under-
standing a similar rotation. For instance, Miller, Gipson, Vaughan,
Rayburn-Reeves, and Zentall (2009) reported that dogs were unable
to find a hidden object in a container at either end of a beam when the
container was moved from the left side to the right (or vice versa) by
rotating the beam 180°. In the present study, however, there was no
need for dogs to recall previous scenes because there was no hiding
and the visual features of the target objects were clearly different
(unlike the containers). Moreover, dogs could monitor the actual
location of the objects during the trials.

Thus, there are reasons to assume that dogs were not simply
misled by the 180° turning, rather that they were driven by the
pointing cue. However, in contrast to human infants, who, in an
ostensive context, preferentially encode the features of objects at
the expense of encoding their locations (Yoon et al., 2008), dogs
followed the direction of the ostensive pointing disregarding to
which object the experimenter pointed. This suggests that, al-
though there are some similarities between the two species at the
behavioral level, the mechanism behind understanding human
pointing might differ between humans and dogs (see, e.g., Topál,
Gergely, Erdőhegyi, Csibra, & Miklósi, 2009, for a similar con-
clusion in the A-not-B paradigm). Although this location bias
could also be interpreted as misunderstanding the pointing gesture,
it should be noted that pointing can have more than one valid
meaning (see, e.g., Kovács et al., 2014). For dogs, the pointing
gesture might indicate a relevant location or direction, whereas for
humans pointing can convey information about an object’s prop-
erties (Kaminski, 2009). From this perspective, our results suggest
a crucial difference in the default “meaning” of ostensive pointing
for dogs and humans. This discrepancy, however, most probably
reflects differences in the cognitive mechanisms of the two spe-
cies, despite a possible functional analogy in behavior.
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Abstract Ostensive signals preceding referential cues are

crucial in communication-based human knowledge acqui-

sition processes. Since dogs are sensitive to both human

ostensive and referential signals, here we investigate

whether they also take into account the order of these

signals and, in an object-choice task, respond to human

pointing more readily when it is preceded by an ostensive

cue indicating communicative intent. Adult pet dogs

(n = 75) of different breeds were presented with different

sequences of a three-step human action. In the relevant

sequence (RS) condition, subjects were presented with an

ostensive attention getter (verbal addressing and eye con-

tact), followed by referential pointing at one of two iden-

tical targets and then a non-ostensive attention getter

(clapping of hands). In the irrelevant sequence (IS) con-

dition, the order of attention getters was swapped. We

found that dogs chose the target indicated by pointing more

frequently in the RS as compared to the IS condition.

While dogs selected randomly between the target locations

in the IS condition, they performed significantly better than

chance in the RS condition. Based on a further control

experiment (n = 22), it seems that this effect is not driven

by the aversive or irrelevant nature of the non-ostensive

cue. This suggests that dogs are sensitive to the order of

signal sequences, and the exploitation of human referential

pointing depends on the behaviour pattern in which the

informing cue is embedded.

Keywords Dog � Ostensive cues � Pointing �
Signal sequence � Referential communication

Introduction

Humans encode a large amount of information in the form

of ordered signal sequences where the order can affect the

meaning of a communicative utterance. Signal structure is

also of great importance in some cases of non-human

communication (e.g. putty-nosed monkeys, Cercopithecus

nictitans, Arnold and Zuberbühler 2008; rock hyraxes,

Procavia capensis, Kershenbaum et al. 2012). In case of

humans, the communicative intention and thus the rele-

vance of referential signals are often determined by

ostensive cues (such as mutual eye gaze) preceding the

informative signals (Sperber and Wilson 1995). Therefore,

the appropriate order of such signals is also crucial in the

successful transmission of information to a given ad-

dressee. It has been shown, for example, that in infants

looking at an object must be preceded by ostensive signals

in order to trigger gaze-following (Senju and Csibra 2008).

Such sequential connectedness of ostensive and referential

signals is a key feature of human information exchange

Electronic supplementary material The online version of this
article (doi:10.1007/s10071-015-0857-1) contains supplementary
material, which is available to authorized users.

& Tibor Tauzin

tauzint@ceu.hu

1 Cognitive Development Center, Central European University,
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(Csibra 2010) which enables the addressee to identify the

actor’s communicative intention.

Although human and non-human communication sys-

tems share some common characteristics, the extent of this

similarity is still a bone of contention (Owren et al. 2010).

One of the likely candidates possessing human-like skills

in communication is the domestic dog. Increasing evidence

suggests that dogs show some understanding of human

referential gestures. For instance, dogs are skilful at fol-

lowing various forms of human pointing gestures from a

very early age on (Riedel et al. 2008), even if the pointing

is momentary, when the signal can only be seen for a short

time (Bräuer et al 2006; Hare et al 1998; Miklósi and

Soproni 2006). Moreover, similar to human infants, dogs

seem to be uniquely susceptible to ostensive cues such as

making eye contact, naming the dog or talking in a high-

pitched voice (for a review see Topál et al. 2014). For

example, in a reinforced eye contact task, dog puppies,

compared to wolves, show a stronger tendency to look into

the human’s eyes from 4 weeks of age onwards (Gácsi

et al. 2005). Dogs are also willing to initiate eye contact

with humans in different contexts (e.g. begging—Gácsi

et al. 2004; food out-of-reach task—Miklósi et al. 2000).

Verbal signals such as ostensive naming and the combi-

nation of different ostensive signals can also modulate

dogs’ responsiveness in an object-choice task (Kaminski

et al. 2012), and they are more likely to gaze-follow a

human actor’s head-turning when accompanied by osten-

sive cues than the same referential gesture in a non-

ostensive context (Téglás et al. 2012).

It is still unclear, however, whether dogs are sensitive to

the order of ostensive and referential signals when forming

expectations about human pointing gestures, or alterna-

tively, ostensive cues simply act as capturing a subject’s

attention when following pointing gestures.

To investigate this issue in experiment 1 (sequential-

order experiment), adult pet dogs were presented with three

consecutive signals in two different orders in a two-alter-

native forced-choice object search task. In the relevant

sequence (RS) condition, ostensive cues were followed by

momentary pointing gesture and then a non-ostensive at-

tention getter, the clapping of hands. In the irrelevant se-

quence (IS) condition, the first and last signals were

swapped in order to draw the attention of the dog without

the expression of communicative intention before exhibit-

ing a referential pointing. To rule out the possibility that

the clapping of hands before pointing is aversive or simply

irrelevant to the dogs in the control for clapping ex-

periment, we investigated a new group of subjects’ re-

sponse to pointing gesture preceded by the clapping of

hands (CH) and pointing without attention getter (wAG).

We hypothesized that if dogs are sensitive to the sequential

connectedness of ostensive and referential signals, then

subjects will follow pointing gesture more readily in the RS

compared to the IS condition. We also hypothesized that in

the control experiment, dogs will show a better perfor-

mance in the CH than the wAG pointing condition, since

the clapping of hands can serve as a non-ostensive attention

getter and not as a perceptual distractor.

Materials and methods

Subjects

Ninety-seven adult pet dogs were recruited for the se-

quential-order experiment. Three dogs did not meet the

selection criteria of the warm-up phase (see ‘‘Procedure’’),

one dog was systematically influenced by its owner and

another 18 dogs failed to search in more than two test trials;

therefore, they were excluded. The final sample consisted

of 75 dogs (40 males): 52 purebred (from 30 different

breeds) and 23 mongrels (see supplementary data). Their

mean age ± SD was 3.82 ± 2.44 years.

Twenty-five adult pet dogs were tested in the control for

clapping experiment. Three dogs were excluded: One dog

was systematically influenced by its owner and two dogs

failed to search in more than two test trials. The final

sample consisted of 22 dogs (14 males); 14 purebred (from

10 different breeds) and eight mongrels (see supplementary

data). Their mean age ± SD was 4.30 ± 2.75 years.

All dogs were recruited from the volunteer database of

Eötvös Loránd University.

Procedure

Before both the experiments, the owner sat down at a

predetermined point in a testing room (5.0 9 3.0 m) and

was asked to hold the dog by its collar facing Experimenter

1 (E1) at 2 m distance. E1 stood in the midline of the room,

while another Experimenter (E2) stood on the left side of

the subject.

Familiarization phase

E1 placed a brown plastic container (20 9 15 cm) on the

floor 2 m away from the dog, looked at the dog, showing a

tennis ball while simultaneously said: ‘Listen, [dog’s

name]!’. This was done to avoid the sequential presentation

of signals in the familiarization phase. Then, E1 puts the

tennis ball into the container, stepped back and looked

down. At this point, the dog was allowed to search for the

ball. The familiarization trials were repeated until the dog

had two successful trials. If a dog did not reach this criterion

in a maximum of four trials, it was excluded from the test.
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Test phase—sequential-order experiment

E2 placed a plastic occluder (1 9 0.75 m) in front of the

dog to prevent witnessing further manipulations. E1, then,

removed the container from the centre position and placed

it and an identical plastic container equidistant from the

dog and from each other (approximately 2.5 m). After that,

E1 passed the ball to E2 unbeknownst to the dog and stood

in the same place as in the familiarization trials. Then, E2

removed the occluder.

The RS trials consisted of three sequential signals: an

ostensive attention getter (making eye contact with the dog,

while saying ‘Listen, [dog’s name]!’, in which the word

‘listen’ [in Hungarian ‘figyelj’] was used to get the dogs

attention); a referential cueing (momentary distal pointing

gazing downwards to avoid eye contact with the dog); and

a non-ostensive attention getter (hand clapping gazing

downwards to avoid eye contact with the dog). In the IS

condition, the first and third signals were swapped. The

first signal in both conditions was repeated if the dog was

not paying attention to E1. There were only nine RS and

six IS trials in which the first signal was repeated. After

giving the cues, E1 stepped backwards and looked down to

avoid eye contact with the subject. The owner was allowed

at that point to release the dog and encourage it to search

for the ball without pointing. When the dog approached

one of the containers, E2 threw the ball in front of the

subject. This was done to prevent the dog to notice the ball

from the distance. Dogs were presented with four trials:

1–1 to the left and right in both RS and IS conditions in a

counterbalanced order.

Test phase—control for clapping

The procedure was the same as in the sequential-order

experiment, except that dogs were provided with different

communicative cues. In the wAG trials, E1 stood in front

of the dog while looking down to avoid eye contact with

the dog. After E2 had slightly moved her foot up (sig-

nalling that the dog was currently looking at E1), E1

pointed at one of the two containers. After this cue, E1

stepped back, and the dog was allowed to choose between

the containers. The CH trials were the same, except that E1

clapped his hands before he pointed at one of the con-

tainers. Dogs were presented with four trials: 1–1 to the left

and right in both CH and wAG conditions in counterbal-

anced order.

Data analysis

Test events were videotaped, and dogs’ behaviour was

analysed later. A choice was coded if the dog approached a

container to a distance of 20 cm within 60 s after being

released. A second coder scored 100 % of the test videos of

included dogs. Inter-rater reliability was almost perfect

(sequential-order experiment: Cohen’s kappa = 0.94;

control for clapping: Cohen’s kappa = 1). Generalized

estimating equation analyses were run separately for the

sequential order and the control for clapping experiments

using a binary logistic model with three main factors

(Condition, Side of pointing, Position of a trial: whether it

was the first, second, third or the fourth), and Wilcoxon

signed-rank tests were performed to test whether the ex-

perimental manipulations had an effect on the number of

correct choices.

Results

A GEE analysis revealed that dogs followed the human

pointing more frequently in the RS condition (proportion of

correct choices: M = 0.73, SE = 0.03) than in the IS

condition (proportion of correct choices: M = 0.57,

SE = 0.04) in the sequential-order experiment. The main

effect of Condition was significant (v(1)
2 = 8.783,

p = 0.003, r = 0.342), while the Side of pointing

(v(1)
2 = 0.055, p = 0.814, r = 0.027) and the relative Po-

sition of a trial had no significant effect (v(1)
2 = 4.089,

p = 0.252, r = 0.233) on dogs’ choice. There was no

significant interaction between these factors (Condi-

tion 9 Side: v(1)
2 = 0.042, p = 0.838, r = 0.024; Condi-

tion 9 Position: v(1)
2 = 0.662, p = 0.882, r = 0.094;

Position 9 Side: v(1)
2 = 4.839, p = 0.184, r = 0.254;

Condition 9 Side 9 Position: v(1)
2 = 1.336, p = 0.721,

r = 0.133). Dogs’ performance in the RS condition was

significantly above chance level (Z = -5.337, p \ 0.001,

r = 0.616); however, in the IS condition, it did not differ

significantly from chance (Z = -1.543, p = 0.164,

r = 0.178) (Fig. 1).

A further GEE analysis revealed that there were no

significant main effects of Condition (v(1)
2 = 0.53, p =

0.817, r = 0.155), Side (v(1)
2 = 0.448, p = 0.503, r =

0.143) or Position (v(1)
2 = 3.066, p = 0.382, r = 0.373) in

the Control for Clapping experiment. The interactions

between these factors were also non-significant (Condi-

tion 9 Side: v(1)
2 = 2.392, p = 0.122, r = 0.330; Condi-

tion 9 Position: v(1)
2 = 3.290, p = 0.349, r = 0.387;

Position 9 Side: v(1)
2 = 2.707, p = 0.439, r = 0.351).

A Wilcoxon signed-rank test revealed that dogs’ perfor-

mance in the control for clapping experiment did not dif-

fer significantly from chance level if pointing was

presented without attention getter (proportion of correct

choices: M = 0.63, SE = 0.16; Z = -2.138, p = 0.057,

r = 0.322). However, dogs chose the indicated container

significantly above chance if pointing was preceded by a

non-ostensive attention getter, the clapping of hands

Anim Cogn

123

89



(proportion of correct choices: M = 0.80, SE = 0.13;

Z = -3.000, p = 0.004, r = 0.452).

Discussion

There is empirical evidence (e.g. Parise et al. 2010; Senju

and Csibra 2008; Topál et al. 2009) to suggest that osten-

sive addressing signals do more than simply capturing

preverbal infants’ attention, since these signals have the

potential to raise strong referential expectations about

subsequent directional cues (see Csibra 2010). Although

dogs seem to be especially attuned to human ostensive

communication, there is an ongoing debate on whether

human ostensive signals fulfil similar functions for dogs

and human infants. Our findings might support the pres-

ence of such similarities and suggest that ostensive cues

before a referential gesture indicate communicative inten-

tion for dogs, which is necessary to interpret the referential

signal itself as communicative. Dogs were more ready to

follow human pointing gestures when the referential signal

was preceded—as opposed to followed—by ostensive cues

indicating human’s communicative intent. When the

ostensive cues were swapped with the non-ostensive at-

tention getter, dogs chose between the containers randomly

despite the fact that the ostensive cue remained part of the

tripartite signal sequence; thus, the whole utterance in the

two conditions had the same saliency. Moreover, the re-

sults of the control experiment suggest that the clapping of

hands could serve as an appropriate attractor sufficient for

above chance following of pointing, but only if it was not

embedded in an ill-formed signal sequence. This further

supports the notion that dogs’ performance in the IS con-

dition was a result of the inappropriate order of signals and

not due to the aversiveness or irrelevance of the attention

getter at the beginning of the signal sequence.

This might mean that in dog–human interspecies com-

munication, dogs are sensitive to the order of ostensive and

referential signals. We may assume that such sensitivity is

either fuelled by dogs’ innate predisposition to learn about

human communication (Riedel et al. 2008) or it is also

possible that dogs acquire selective responsiveness to

communicatively relevant signal sequences through life

experience (Wynne et al. 2008). Importantly, these two

alternatives would indicate fundamentally the same: the

sensitivity to the sequential order of signals in the recog-

nition of communicatively relevant utterances.

In summary, to our knowledge, this is the first study in

which the behaviour of a non-human species was influ-

enced by whether a heterospecific partner’s ordered signal

sequence is communicatively relevant or not. This suggests

that in contrast to previous notions, the communication of

certain non-human species might share more common

properties with that of humans. However, it needs further

investigation to determine whether this is a result of

learning, domestication or homologous abilities in

communication.
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Research Article

Contingent reactivity—or, in other words, consistent and 
predictable relations between a subject’s actions and the 
occurrence of a partner’s responses—is an inherent fea-
ture of social interactions in both humans (Bigelow, 2001; 
Watson, 1979) and nonhuman animals (Carazo & Font, 
2010). Matching the timing of actions has the potential to 
create a sense of connectedness among actions in both 
the interacting partners and the observers of those inter-
actions. A high degree of temporal contingency is 
assumed to be an indicator of agency (Movellan &  
Watson, 2002), and it could also be crucial in the identi-
fication of communicative interactions (Csibra, 2010;  
Csibra & Gergely, 2006). In accordance with these 
accounts, 2-month-old human infants were found to react 
socially (with smiling and cooing) if a hanging toy above 
their crib moved contingently with their head movement 
on a pressure-sensitive pillow. This finding possibly 

indicates that they attributed agency to the mobile object 
(Watson, 1972). Moreover, after self-induced contin-
gent  interaction with an unfamiliar animated figure  
(Deligianni, Senju, Gergely, & Csibra, 2011), a robot 
(Movellan & Watson, 2002), or a furry puppet without a 
face ( Johnson, Slaughter, & Carey, 1998), infants followed 
the orientation changes of these agents and looked at the 
distal target that was aligned with the front part of these 
agents. These findings have been explained as being due 
to the attribution of agency to these objects through the 
ascription of attention and perception ( Johnson, 2000, 
2003), and these results have also been used to argue that 
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infants interpret the orientation change as a referential 
signal (Csibra, 2010).

However, little is known about whether nonhuman 
animals also use contingent reactivity as a cue to identify 
agency. Domestic dogs are promising candidates for 
studying this issue given that they have evolved a wide 
range of refined social skills (Hare & Tomasello, 2005). 
Dogs are sensitive to ostensive signals (e.g., eye gaze or 
hearing their own names) that might allow them to inter-
act with humans (Topál, Kis, & Oláh, 2014). Converging 
evidence also shows that dogs are capable of correctly 
responding to several verbal commands (Kaminski, Call, 
& Fischer, 2004; Pilley, 2013; Pilley & Reid, 2011) and to 
nonverbal referential signals, such as pointing (Kaminski, 
Bräuer, Call, & Tomasello, 2009; Lakatos, Gácsi, Topál, & 
Miklósi, 2012) or gazing (Téglás, Gergely, Kupán, Miklósi, 
& Topál, 2012). However, human and canine interpreta-
tions of some of these signals are different (Kaminski 
et al., 2011; Tauzin, Csík, Kis, & Topál, 2015). Then again, 
these findings do not imply that dogs can identify the 
contingent structure of social interactions or that they can 
attribute agency on the basis of this information.

Although dogs’ previous experiences could help them 
to identify unfamiliar entities as agents (e.g., in a helping 
scenario; see A. Gergely et al., 2015), this does not neces-
sarily entail that dogs attribute agency because they rec-
ognized the contingent reactivity of an unfamiliar agent. 
They might simply use other agency cues, such as goal 
directedness (G. Gergely & Csibra, 2003) or differences in 
the variability of motion (A. Gergely, Petró, Topál, & 
Miklósi, 2013). Thus, it remains unknown whether dogs 
are sensitive to the role that temporal contingency plays 
in interactions among agents and whether they can attri-
bute agency on the basis of the observed contingent 
reactivity.

To investigate these questions, we adapted the method 
of Hare and Tomasello (1999). They found that dogs in a 
two-alternative forced-choice task preferred to choose 
the object that was approached by a human or a conspe-
cific as opposed to the object not approached (for a 
review, see Miklósi & Soproni, 2006). We assumed that, in 
a similar setup, dogs would choose the object that had 
been approached by an unfamiliar, self-propelled agent 
(SPA) if this entity had been seen previously to take part 
in third-party contingent interactions because such inter-
actions could elicit agency attribution.

Thus, in the present study, dogs were provided with 
different degrees of temporal contingency in three condi-
tions. In the perfect-contingency condition, dogs heard 
verbal commands, each of which was consistently fol-
lowed by a single response action of the SPA. It has been 
previously hypothesized that human infants can perceive 
high but imperfect degrees of contingency as communi-
cative (Bigelow, 1998; Watson, 1994); therefore, in the 

high-but-imperfect-contingency condition, two thirds of 
the verbal commands were followed by action responses. 
In contrast, in the low-contingency condition, only one 
third of the verbal commands were followed by response 
actions. During the test phase, the SPA approached one 
of two identical tennis balls, thereby marking the target 
object.

The aim of this study was to test whether dogs could 
recognize contingent reactivity as a marker of third-party 
interactions and agency. More specifically, we investi-
gated the effect of different degrees of temporal contin-
gency on dogs’ tendency to attribute agency to an 
inanimate SPA, and we measured whether dogs showed 
an agent-congruent choice bias toward a target object. 
We assumed that if dogs attributed agency to an unfamil-
iar entity merely because of some morphological cues 
(eyespots, etc.) or self-propulsion, then they would 
exhibit a preference toward the target object in all condi-
tions. However, if the observed degree of contingent 
reactivity was the primary indicator of agency, then dogs 
would show a significant agent-congruent preference in 
their choices when the degree of contingency was high 
enough.

Method

Subjects

Adult pet dogs (N = 74) and their owners were recruited 
from the Family Dog Research Database at the Depart-
ment of Ethology, Eötvös Loránd University.1 Two dogs in 
the low-contingency condition were excluded from the 
data analysis because they choose between the target 
objects in the test phase fewer than three times in the 
four trials. Additional dogs were excluded because of the 
technical failure of the radio-controlled car (4 in the per-
fect-contingency condition, 2 in the high-but-imperfect-
contingency condition, and 2 in the low-contingency 
condition), because of experimenter error (1 in the high-
but-imperfect-contingency condition), or because the 
owner did not follow the instructions (3 dogs, 1 in each 
of the three conditions).

The dogs that were included in the final analyses (N = 
60) were randomly but evenly distributed over the three
conditions, so that there were 20 dogs in each condi-
tion—perfect contingency: 11 males, mean age = 4.2 
years, SD = 2.67 (4 mixed breeds and 16 purebreds from 
13 different breeds); high-but-imperfect contingency: 10 
males, mean age = 2.95 years, SD = 2.14 (3 mixed breeds 
and 17 purebreds from 10 different breeds); and low con-
tingency: 12 males, mean age = 5.15 years, SD = 2.87 (7 
mixed breeds and 13 purebreds from 10 different breeds). 
Sample size was defined a priori on the basis of previous 
research (for a review, see Miklósi & Soproni, 2006).
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Audio stimuli

We used three different prerecorded verbal commands as 
cues in the observational-learning phase. The commands 
were recorded by a female assistant. The three com-
mands were “Look, plush toy! Go!” (in Hungarian,  
“Figyelj, plüss! Indulj”), “Look, plush toy! Move back!” 
(“Figyelj, plüss! Tolass!”), and “Look, plush toy! Turn!” 
(“Figyelj, plüss! Fordulj!”). Note that although dogs have 
good spoken-word discrimination skills (e.g., see Griebel 
& Oller, 2012), the instructions we used in the present 
study (“go,” “turn,” and “move back”) are not part of a 
typical pet dog’s obedience-training vocabulary. Obvi-
ously, this fact does not exclude the possibility that these 
words were more or less familiar to some dogs. However, 
we investigated dogs’ sensitivity to temporal contingency; 
thus, their understanding of these instructions was not a 
precondition.

Commands were presented in series of three; each of 
the three types of commands (go, turn, and move back) 
was presented once within each triplet. To control for 
the order of commands, each of the six possible triplet 
orders (e.g., “go,” “turn,” “move back”; “go,” “move 
back,” “turn”) was presented once to each subject. The 
order of presentation of these six triplets was consistent 
across dogs and conditions. The presentation of verbal 
stimuli was preceded by a 16-s interval during which a 
ticking sound was presented (one tick per second). 
Then, a verbal command approximately 2 s long (“go”: 
1.99 s; “turn”: 2.10 s; “move back”: 2.10 s) was played, 
followed by an 8-s break during which the previous 
ticking sound was presented. The dogs were presented 
with the commands and the breaks (duration: 9.99–10.1 
s) 18 times altogether, with the same timing. However,
the ticking sound was not presented in the last 8-s 
break; this indicated the end of the observational learn-
ing phase to the experimenters. The total duration of 
the audio-stimulus presentation, therefore, was 189.14 s: 
16 s + (6 × 9.99 s) + (6 × 10.1 s) + (6 × 10.1 s) – 8 s.

Procedure

The experiment took place in a room (5.0 × 3.0 m) at the 
Department of Ethology, Eötvös Loránd University. A 
loudspeaker (SB-M300M2; Technics, Osaka, Japan; 33.5 × 
21.4 × 38.6 cm) placed on the floor in one corner of the 
room was used for sound playback during the observa-
tional learning phase. Two 15-cm-tall plush toys, a croco-
dile (green) and an owl (beige), were used to demonstrate 
more contingent and less contingent interactions during 
the observational learning phase (see next section for 
more details). For half of the dogs, the crocodile was the 
SPA, and for the other half, the owl was the SPA. The toy 

acting as the SPA was mounted on a 16- × 10- × 10-cm 
radio-controlled car (U-Convertor; Nikko R/C, Tokyo, 
Japan).

Before the experiment started, the owner (who was 
present throughout the whole procedure) let the dog 
freely explore the testing room. Then the owner was 
asked to sit in a chair and to hold the dog by its collar; 
the dog sat in front of the owner, and both of them faced 
the loudspeaker (from a distance of 2.5–2.8 m), which 
was in the front right corner from the dog’s point of view.

Observational-learning phase. Experimenter 1 placed 
the SPA on the floor in the midline of the testing room, 
facing the loudspeaker, and placed the other plush toy 
directly in front of the loudspeaker. Thus, the two plush 
toys were approximately 1 m from each other. Experi-
menter 2, who stood to the left of the dog, placed an 
opaque occluder (1 × 0.75 m) between the dog and the 
setup each time Experimenter 1 moved or changed the 
setup. The occluder prevented the dog from observing 
the rearrangement of the objects. Then Experimenter 1, 
who controlled the SPA, stood in the front left corner of 
the room, opposite the dog, with his head facing down, 
and Experimenter 2 removed the occluder. Owners were 
not allowed to speak throughout the procedure.

In the perfect-contingency condition, the SPA responded 
to the 18 prerecorded verbal commands (six command 
triplets) by performing the corresponding action during 
the 8-s breaks. That is, in response to the command “Look, 
plush toy! Go!” the agent moved approximately 30 cm 
straight forward (i.e., toward the speaker and the other 
toy) and returned to the starting point. In response to the 
command “Look, plush toy! Move back!” the SPA moved 
30 cm back and then straight forward on the same route. 
Finally, in response to the command “Look, plush toy! 
Turn!” the SPA turned 45° to the right while proceeding 
forward (again moving approximately 30 cm); this move-
ment resulted in an arc-like trajectory. The SPA then 
moved back to its starting point on the same trajectory. 
There was no delay between the cue and the response 
beyond the natural variance caused by the latency of 
Experimenter 1 and the radio-controlled car, which was 
approximately the same in all conditions (0.2–0.4 s) 
because Experimenter 1 and the apparatus were the same 
in each condition.

The high-but-imperfect-contingency condition was 
similar to the perfect-contingency condition except that 
the SPA moved in response to only two thirds of the com-
mand playbacks. That is, on one third of the trials, the 
SPA ignored the command; it did not respond to the 
command playbacks and remained motionless during 
the  8-s breaks. On one third of the trials, the SPA 
responded to the auditory signal by performing a single 
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action. On the remaining third of the trials, the SPA per-
formed two different actions. Note that the number and the 
order of verbal commands, as well as the number and order 
of actions performed by the SPA, were the same as in the 
perfect-contingency condition. Consequently, correspon-
dence among commands and actions was not perfect.

The dogs observed while the six command triplets 
were played and the SPA responded or did not respond 
to the commands. In each triplet, there were commands 
with 0, 1, or 2 response actions. The order of vocal com-
mands with 0, 1, or 2 response actions was counterbal-
anced within subjects. Consequently, the dogs were 
presented with six possible combinations of 0, 1, and 2 
response actions in a predetermined order (0, 1, 2; 0, 2, 
1; 1, 0, 2; 1, 2, 0; 2, 0, 1; 2, 1, 0). On the basis of previous 
findings with human infants (Deligianni et  al., 2011; 
Johnson et al., 1998; Movellan & Watson, 2002) and theo-
retical claims about agency attribution (Watson, 1994), 
we supposed that most social agents—in contrast to 
physical objects—produce variable and delayed 
responses. Therefore, beyond response uncertainty, the 
delay between the uttering of the command and the 
action of the SPA was either 0, 1, 2, 3, or 4 s (in addition 
to the aforementioned response latency of Experimenter 
1 and the SPA) during the 8-s break between commands. 
The average delay was 1.16 s (SD = 0.22).

The low-contingency condition was basically the same 
as the perfect-contingency condition except that the SPA 
responded only to every third verbal cue (i.e., on two 
thirds of the trials, the SPA ignored the command and 
remained motionless). However, in the trials in which the 
SPA did respond to the command playbacks, it performed 
each of the three corresponding actions (i.e., go, move 
back, turn) during the 8-s breaks without intentional 
delay between the cues and responses. The number and 
order of the commands and actions were the same as in 
the other two conditions. This ensured that the number 
and the variability of actions were similar to those pre-
sented in the perfect-contingency and in the high-but-
imperfect-contingency conditions (see Fig. 1).

Test phase. The observational-learning phase was fol-
lowed immediately by the test phase. Experimenter 2 
placed the occluder between the dog and the setup; 
behind the occluder, Experimenter 1 placed two identical 
tennis balls on the floor 2 m apart. The tennis balls were 
equidistant (2 m) from the dog. Experimenter 1 also 
placed the SPA on the floor halfway between the two ten-
nis balls, facing toward one of the balls (i.e., the target 
object). Experimenter 2 removed the occluder, and then 
the SPA indicated the target object by approaching it in a 
straight line. The SPA stopped before it could bump into 
the target object so that it was marked but without 
manipulation. After that, the occluder was placed again 

between the dog and the apparatus. Experimenter 1 
removed the SPA and then left the room.

Finally, Experimenter 2 removed the occluder, the 
owner released the dog, and the dog made its choice. 
After choosing, the dog was allowed to play with the 
selected ball for a few seconds, then the owner called the 
dog and made it sit down. The whole procedure was 
repeated four times in total; the side of the target object 
was counterbalanced in an ABBA order (see Fig. 2).

Data collection and analysis

Test events were videotaped and analyzed later. A tennis 
ball was regarded as chosen if the dog touched it or the 
dog’s paw or muzzle was closer than approximately 0.15 
m to the ball within 30 s. All of the test-trial videotapes 
were first coded by author T. Tauzin; a second coder 
blind to the demonstration also coded all of the test trials. 
Interrater reliability was perfect (Cohen’s κ = 1.0 in all 
conditions).

We included in the analyses all dogs that made a 
choice on at least three of the four trials. We used the 
proportion of trials on which the dog selected the target 
object to measure each dog’s performance. To compare 
the dogs’ performance with chance-level performance, 
we used Wilcoxon signed-rank tests; to compare the 
performance of dogs in different groups, we used Mann-
Whitney U tests. To test whether the degree of contin-
gency could predict the dogs’ performance in the test 
phase, we performed a simple linear regression analysis. 

Perfect Contingency

C1

R1 R2 R3

R1 R2 R3

C2 C3

C1 C2 C3

C1 C2 C3

High-but-Imperfect Contingency

Low Contingency

R1 R2 R3

Fig. 1. Examples of temporal patterns of commands (C) and responses 
(R) for the three conditions.
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We used IBM SPSS Statistics (Version 21) to conduct our 
analyses.

Results

In the perfect-contingency condition, the dogs chose the 
target object (i.e., the tennis ball indicated by the SPA) 
significantly more often than expected by chance (z = 
−2.44, p = .016, r = .39). However, the dogs did not 
choose the target object significantly more often than 
expected by chance in the high-but-imperfect-contin-
gency condition (z = −1.72, p = .117, r = .27) or in the 
low-contingency condition (z = −0.44, p = .800, r = .07). 
Moreover, the mean proportion of trials on which the 
dog chose the target object was higher in the perfect-
contingency condition (M = 67.08, SD = 26.96, 95% CI = 
[55.27, 78.90]) than in the high-but-imperfect-contingency 
condition (M = 60.00, SD = 23.50, 95% CI = [49.70, 70.30]) 
or in the low-contingency condition (M = 48.75, SD = 
24.96, 95% CI = [37.81, 59.69]). The difference between 
the perfect-contingency and low-contingency conditions 
was significant (U = 124, p = .037, r = .34). However, the 
difference between the perfect-contingency condition 
and the high-but-imperfect-contingency condition (U = 
174.5, p = .458, r = .02) was not significant; also, the dif-
ference between the high-but-imperfect-contingency 
condition and the low-contingency condition (U = 141.5, 
p = .101, r = .26) was not significant (Fig. 3). A linear 
regression revealed a significant effect of the level of con-
tingency on the frequency with which the dogs chose the 
target object, β = 0.094, t(58) = 2.39, p = .020, R2 = .089. 
More details about the dogs’ choices are available at 
Open Science Framework (http://osf.io/b6xv4).

Discussion

We hypothesized that dogs would attribute agency to the 
SPA and that, consequently, they would be biased to 
choose the target object as a function of the previously 
observed temporal contingency. Our results support this 
hypothesis, because the dogs’ performance was affected 
by the different degrees of temporal contingency. They 
chose the tennis ball that was approached by the SPA 

?

Observational-Learning Phase Test Phase

Third-Party Interaction ChoiceTarget Approach

Go!

Fig. 2. The observational-learning and test phases of the experiment from the dog’s point of view. In the observational-learning phase, the 
dogs observed that the self-propelled agent (SPA) responded to the verbal commands in a more or less contingent manner (depending on the 
condition); in the test phase, the dogs observed the SPA approach one tennis ball, and then they chose one of the tennis balls.
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Fig. 3. Proportion of trials on which the dogs chose the target object 
in each condition. An asterisk indicates a significant difference (p < .05) 
between conditions or from chance (i.e., .5, indicated by the dashed 
line). Error bars represent 95% confidence intervals.
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significantly above chance level only in the perfect-con-
tingency condition, and they chose the target object sig-
nificantly more often in the perfect-contingency condition 
than in the low-contingency condition. Moreover, the 
finding that the dogs showed intermediate performance 
in the high-but-imperfect-contingency condition suggests 
that they were sensitive to the differences in the degree 
of contingency as well.

The present finding also supports the notion that 
dogs tend to perceive an object’s perfectly contingent 
motor responses to auditory cues as an interaction; in 
the current study, this perception would have had the 
potential to elicit agency attribution to the SPA. How-
ever, this finding does not necessarily imply that the 
dogs interpreted the SPA’s target-approaching action ref-
erentially (i.e., they did not interpret the action as being 
similar to pointing or gazing) or that the dogs selectively 
attributed communicative intent to the SPA. It is reason-
able to assume that the dogs in the test phase simply 
paid more attention to agents than to nonagents and that 
the varying degrees of choice bias across conditions 
stemmed from the dogs’ selective attention to the contin-
gently responding SPA, which could direct their atten-
tion to the target object through local enhancement 
(Thorpe, 1956). Note that our results also indicate that 
the dogs’ behavior in the three conditions cannot be 
interpreted purely in terms of the attention-grabbing 
potential of self-propelled objects (Hoppitt & Laland, 
2013), because such an account would imply a signifi-
cant target-object preference in the low-contingency 
condition as well. We therefore assume that the dogs’ 
performance in the present study reflected their sensitiv-
ity to third-party contingency, which made them capable 
of attributing agency to self-moving entities.

Although the dogs did not show a significant choice 
bias in the high-but-imperfect and low-contingency con-
ditions, the observed degree of contingency significantly 
predicted their test performance in these conditions 
according to the results of the linear regression model. 
However, a conclusion that there is a linear relationship 
between dogs’ choice bias and the observed degree con-
tingency would be premature, because the dogs were 
tested in only three different conditions. This pattern of 
results might mean that in an observational context, dogs 
could interpret a dyadic event as interactive and attribute 
agency to the interactive objects if the event involved very 
high degrees of temporal contingency. Human infants, in 
contrast, attribute agency on the basis of high but imper-
fect contingency in social situations (Watson, 1994) and 
have a preference toward middle or high contingencies in 
nonsocial contexts (Kidd, Piantadosi, & Aslin, 2012, 2014). 
This difference may be rooted in species-specific sets of 
innate abilities in dogs and humans (e.g., language-related 

skills in humans). However, it is plausible that, in addition 
to these innate factors, ontogenetic factors also have an 
effect on the expectations about communicative interac-
tions in dogs. Because pet dogs are quite often exposed 
to human commands, they might simply find the perfect-
contingency condition the most similar to the command-
response interactions in which pet dogs often take part. 
In contrast, human infants are supposed to form expecta-
tions on the basis of less predictable, conversation-like 
interactions (Bigelow, 2001; Watson, 1979, 1994). Note, 
however, that even if the dogs’ previous experience 
shaped their reactions in the present study, the results 
imply that they are sensitive to the different degrees of 
contingency and that they attribute agency on that basis.

In summary, our findings support the notion that dogs, 
like infants (Bigelow, 1998, 2001), can grasp some funda-
mental perceptual characteristics of interactions as well 
as the importance of contingency in them. This suggests 
that dogs are sensitive to the temporal structure of events 
that can indicate to the dogs the presence of agents, 
which might mean that dogs’ social skills are more simi-
lar to those of humans than previously supposed (Hare & 
Tomasello, 2005). Thus, besides their ability to correctly 
respond to an agents’ gazing (Téglás et al., 2012), point-
ing (Kaminski et al., 2009; Lakatos et al., 2012) or to ver-
bal commands (Kaminski et al., 2004; Pilley, 2013; Pilley 
& Reid, 2011), dogs might be able to identify an agent 
whose behavior should be monitored, even if that agent 
is unfamiliar to them. Agent identification, therefore, 
might help dogs to differentiate between social and non-
social interactions, a skill that could also help them to 
determine whether an action is relevant.

However, it is crucial to note that dogs might use these 
cues differently than humans. There is some indication 
that, in dogs, the degree of contingent reactivity has a 
linear relation with agency attribution; consequently, 
dogs attribute agency if the agent shows perfect or near-
perfect contingent reactivity. In contrast, in humans, a 
nonlinear (i.e., inverted-U-shaped) function is supposed 
to describe the same relation; thus, humans attribute 
agency when the degree of contingency is high but 
imperfect (Watson, 1994). Therefore, the superficial simi-
larity between the two species in the sensitivity to contin-
gencies might involve a crucial difference that can reflect 
an interspecies divergence in the representation of agents 
or in the use of contingency as an agency cue. As 
opposed to humans, whose representations about the 
presence or absence of agency are more categorical, 
dogs might represent level of agency as a continuous 
function of the degree of contingency.
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General discussion 

The general aim of the present thesis was to investigate the ostensive and informative 

signals from a comparative perspective to understand better what can be the evolutionary basis 

of these communicative signals. In order to answer this question we conducted four experiments 

in which we tested 1) dogs’ sensitivity to one of the most important ostensive cues: contingent 

reactivity, 2) the function of ostensive cues in dogs, more specifically whether they treat it as a 

“start signal” of communication, 3) the meaning of the informative pointing gesture for dogs, 

4) the function and meaning of infants’ pointing behavior.

From a logical perspective, one could expect four different pattern of results with regard 

to the understanding and function of ostensive and informative signals in human infants and 

dogs. First, it could be hypothesized that dogs, unlike humans are not sensitive to ostensive or 

informative signals at all. Second, it is also possible that dogs are able to understand ostensive 

signals similarly to humans, but they cannot understand informative signals properly, thus for 

instance, deictic pointing has a different meaning for them. Third, it is an option as well that 

dogs do not have a differential sensitivity to ostensive signals (for instance, because all the 

salient signals have the same ostension-like function for them), but they can properly 

understand informative signals. In this third scenario dogs would not recognize communication 

(or not on the basis of ostensive signals), but would understand the meaning of (some) 

informative gestures appropriately. Fourth, dogs and humans might have similar 

communicative skills, thus dogs may understand ostensive and informative signals in the same 

or very similar way to humans. 

Previous findings imply that the first and third hypotheses is highly unlikely. As it was 

reviewed above, there is ample evidence to show that dogs are capable to react properly to 

human ostensive signals. This is also supported by the present findings as Thesis points I-IV. 
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directly or indirectly show a sensitivity to ostension. Moreover, these thesis points also underpin 

that ostensive signals have a very specific effect on dogs, which is similar to the effect of the 

same signals in human infants. Namely, both species use ostension to differentiate a 

communicative context from a noncommunicative one to decide whether an informative signal 

is addressed to them or not. Consequently, the most plausible hypotheses are the second and 

the fourth, namely that dogs have a similar sensitivity to ostensive cues with or without the 

proper understanding of informative signals, however, before such a conclusion it is important 

to examine all our studies one by one. 

Thesis points I-III. are related to the sensitivity to and function of ostensive signals in 

dogs, in more general terms, whether they show a similar sensitivity to ostensive cues to 

humans. In the study which was related to Thesis I., we tested whether dogs have a sensitivity 

to contingent reactivity in an object selection task where they had to follow the choice of an 

agent. What we found is that dogs can differentiate among the different levels of contingency 

which implies that dogs can rely on the observed degree of contingent reactivity when they 

attribute agency. Importantly dogs had an above chance performance in this task only when the 

contingency was perfect which seems incongruent with the infant literature reviewed in the 

introduction. However, it is relevant to note that in our paradigm (in contrast to previous 

studies) the interaction shown was very similar to an ordinary communicative event and in that 

perfect contingency can be expected. Moreover it is also relevant that our study was crucial on 

the one hand, because it provided the first evidence with non-human animals to show that they 

have a sensitivity to social contingencies and on the other hand because it suggest that this 

sensitivity can play a role in dogs’ understanding of human communication. This latter 

interpretation of our results would be in line with the conclusion of previous findings about 

dogs’ remarkable communicative skills that involve the understanding of ostensive signals like 

eye-contact or naming. However, it is crucial that our study did not directly test this possibility. 
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We measured simply whether the dog selected the same object as the (contingent or less 

contingent) self-propelled agent. Therefore, it is unclear whether dogs considered the 

approaching of the target object as a communicative or an instrumental action. Due to the fact, 

that both could trigger congruent pattern of selection in dogs, we could only conclude that dogs 

can identify high levels of contingency to attribute agency, and perhaps they can use it in 

communicative contexts, however the latter assumption should be directly tested in future 

studies. 

Thesis II. and III. were related to the function of ostensive signals in dogs. In humans 

one the functions of ostension is to indicate the communicative intent of the speaker. To serve 

this function, ostension should precede or it should accompany informative signals, because the 

behavior that has an informative role has to be identified as signal and not, for instance as an 

instrumental or meaningless action. To test whether ostension has the same function in dogs 

than in humans we provided dogs with short signal sequences in which ostensive signals could 

precede or follow deictic pointing. What we found is that similarly to human infants, dogs rely 

on informative gestures if they were preceded and not followed by ostensive signals, implying 

that ostension is not simply associated with pointing gestures, but it indicates the 

communicative intention of a human. To investigate whether this effect is restricted to ostension 

or it can be triggered by any other salient cue we also used the clapping of hands as a signal 

before pointing and found that, although clapping attracted dogs they did not follow the 

subsequent pointing gesture more often than pointing without any preceding salient cue. 

Together, this suggests that ostension has a very specific role for dogs. It is not simply an 

attentional modulator, but it is a “start signal” of human-dog communication as it expresses the 

communicative intention of the human. 

Consequently, the study behind Thesis II and III. further support the notion that dogs 

are skillful in the recognition and understanding of ostensive signals which have a similar 
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function to them than for us, humans. The set of ostensive signals might comprise contingency 

in dogs, beside the sensitivity to eye-gaze and their name, moreover it seems even more 

plausible that these signals are indicators of the communicative intentions, and through that, 

they can affect dogs’ reaction to subsequent informative gestures, such as pointing. 

However, based on the first three thesis points it remains an unresolved issue whether 

informative signals, specifically deictic pointing have the same meaning for humans and dogs. 

In the study which is discussed under Thesis IV. we investigated whether communicative 

pointing refers to an object – as in human infants – or it refers to a direction or place for dogs. 

In order to investigate this question, we provided dogs with communicative pointing at one of 

two target objects than swapped the two objects. We found that dogs followed pointing in a 

communicative context, but they had a location bias and selected the incongruent (non-

indicated) object at the indicated location. In a non-ostensive context, their choice behavior was 

random. While the latter result underpins what was found in previous studies about dogs’ 

sensitivity to ostensive signals, the more important finding is that dogs have a different 

interpretation of pointing than human infants. For dogs, pointing does not necessarily refer to 

an object, but it probably indicates a direction where the dog should act in accordance with a 

command. 

More generally, this result implies that this fundamental informative signal in certain 

contexts can trigger different reactions in dogs than in humans which might be a consequence 

of the different underlying cognitive mechanisms with which this signal is processed. 

Therefore, it seems that despite the fact that in most cases the behavioral reaction to pointing is 

similar in both species it might have a different meaning for them. This could be highly relevant 

not simply with regard to the phylogeny of communication but in relation with humans’ superb 

skills of learning through communicative means. If communicative pointing refers to an object, 

it opens the possibility to learn about the referent, and probably to have a genericity bias. In 
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contrast, when pointing treated as a command that specifies only a location, because of its 

episodic nature, it could not help learning about the surrounding world. Therefore, pointing 

cannot play a role in vertical information transfer or cultural learning in dogs. 

Crucially, however, the study related to Thesis V. supports the assumption that pointing, 

indeed, can have such an information transmitting role for infants, thus it might be vital in social 

learning. In our experiments we found that 12-month-olds perform more pointing if they are 

provided with useful and new information about an object either it is verbal information or 

information related to the valence of an object. This suggests that in accordance with the theory 

of Natural Pedagogy, pointing has a protointerrogative, rather than a protodeclarative meaning, 

thus it can help infants to gather information about objects. 

Nevertheless, the results of Thesis IV. and V. imply that there is a significant difference 

how dogs and humans rely on pointing. While humans probably consider pointing as a request 

for information, dogs presumably treat it as a part of a command. Although, this might be mere 

speculation, since dogs and infants were not directly compared in these studies – moreover, 

infants produced pointing while dogs reacted to these gestures in the present studies – our 

findings imply that the differences between these two species are too big to have a similar 

cognitive basis of pointing. First, because the default function of pointing seems different, 

therefore while it has a protoimperative meaning for dogs, it has a protointerrogative or 

protodeclarative meaning for infants. Second, because the default referent of pointing seems 

different, as pointing indicates a location for dogs, but an object for human infants. 

On this basis, we might conclude that the pattern of results reviewed in the present thesis 

is the closest to the second alternative outlined above. Namely, it seems that dogs have a similar 

sensitivity to ostensive cues as humans, but they do understand informative signals, at least 

deictic pointing in a different way. Although ostension indicates the communicative intention 
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of a speaker for both species – perhaps because dogs were selected to be sensitive to the cues 

that humans regularly use in their communicative routine – this is not sufficient to have the 

same communicative skills in dogs and humans, due to the lack of a proper understanding of 

informative signals in dogs. The fundamental differences between the communicative abilities 

of these two species, therefore, are meaningful and highly relevant, because they can shed light 

on one of the causes why humans but not dogs are able to form diverse cultures through vertical 

information transmission. 

From a broader perspective the present results support the theory of Natural Pedagogy 

on different levels. On the one hand, our findings indirectly suggest how crucial are ostensive 

cues in human communication through the fact that dogs are also sensitive to those signals. 

Because dogs were presumably selected to be sensitive to ostension and this could foster 

interspecies communication among owners and dogs, it can be concluded that ostensive signals 

are reliable enough to be used by the individuals of an other species in order to discriminate 

communicative action from non-communicative behavior in humans. 

On the other hand, the present findings suggest that humans have a specific set of innate 

abilities that can help them to understand and perform communicative actions which, 

importantly, includes both ostensive and informative signals. Because dogs have human-like 

abilities only in the understanding of ostensive signals, and have only an extremely restricted 

understanding of informative signals, we could conjecture that dogs do not possess the same 

set of sensitivities and biases that evolved in humans – but only a part of it. This supports the 

original claims of Natural Pedagogy but also adds to them by proving that the potential 

precursors of human-specific skills might be present in non-human animal species, because 

these skills could be selected in the course of domestication. 
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The above consequence of the findings presented here is crucial because, in contrast to 

other theories, Natural Pedagogy always emphasized that the phylogenetic (and besides that) 

the ontogenetic trajectory of communication cannot be ignored. Here, we found evidence that 

in line with this evolutionary view, there might be homologous skills of communication in dogs 

and humans. Our findings, however also suggest that without the full set of communicative 

abilities – including ostensive and informative signals – flexible communication and cultural 

information transmission via social learning by communicative means can be hard or even 

impossible. Therefore, the rhetorical question raised in the introductory part of the present thesis 

about the focus of the theory of Natural Pedagogy can be answered. The theory of Natural 

Pedagogy is a social learning theory which, however, can provide evidence that communication 

and all the related cognitive abilities are crucial part of human cognition both from a 

developmental and from a comparative perspective. Thus the theory – and maybe the results 

discussed in this thesis – can reveal that communication cannot be understood without the 

phylogenetic and ontogenetic background of humans. Although this is not sufficient to make 

Natural Pedagogy a complete theory of communication, but it might broaden the scope of how 

we think about communication. On this basis, I believe that even if all the particular results of 

Natural Pedagogy will become outdated, this fresh look at communication which is represented 

by the theory of Natural Pedagogy as well could affect future scientists when they form new 

theories about human cognition, communication and learning. 
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