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1 What we know: dogs in comparative psychology

Over the past 20 years, ‘man’s best friend’ - the domestic 
dog (Canis familiaris) - has increasingly become a subject 
of scientific study for comparative psychologists who 
study animal cognition. It has been revealed that, 
compared to other social animals, dogs show special 
skills. In particular they show remarkable skills in three 
social domains:

	• First, they seem to possess special communicative 
skills. They are able to produce communicative 
signals such as barking (Feddersen-Petersen 2000; 
Pongracz et al. 2005) and gaze alternation (Miklósi et 
al. 2000; Kaminski et al. 2011; Heberlein et al. 2017). 
Additionally, they are also able to comprehend 
more typically human forms of communication 
such as words (Kaminski et al. 2004; see also Merola 
et al. 2012), iconic signs (Kaminski et al. 2009b), and 
gestures. One often-used setup is the so-called object 
choice design, in which a food reward is hidden 
in one of two cups, out of the dog´s view. When a 
human provides a communicative cue, such as 
pointing or gazing at the correct cup, it was found 
that dogs are better than any other animal species 
tested at using these cues (see Hare and Tomasello 
2005; Bräuer et al. 2006; Miklósi and Soproni 2006; 
Kaminski and Marshall-Pescini 2014 for reviews, 
see Figure  1). A dog’s ability to use these human 
gestures probably evolved during domestication 
(Hare and Tomasello 2005; Bräuer et al. 2006; see also 
Price 1984). Indeed, free ranging dogs and shelter 
dogs with limited human contact are also able to use 
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Figure 1. Object choice paradigm. (A) A food reward is hidden 
in or under one of two cups, so that the dog does not see 
in which one. (B) Human provides a communicative cue, 

such as pointing at the correct cup. (C) Dogs approach the 
correct cup using communicative cues. (D) Human provides 
no cue or a non-communicative cue (without looking at the 
dog). (E) Dogs are at chance level in the absence of obvious 

communicative cues. (Image Credits: Blanca Vidal Orga).
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these gestures to locate hidden food (Hare et al. 2010; 
but see Bhattacharjee et al. 2017 and Udell et al. 2008), 
whereas apes, our closest living relatives, perform 
much worse at this task (Bräuer et al. 2006). More 
importantly, dogs are much better at this task than 
hand-reared wolves; and even six-week-old puppies 
are already able to use human pointing gestures 
to locate hidden food (Hare et al. 2002; Riedel et al. 
2008; Gácsi et al. 2009a; Gácsi et al. 2009b; but see also 
Lampe et al. 2017). 

	• A second social-cognitive ability that has been 
intensely investigated in dogs is perspective taking 
- the ability to assess what others can perceive. In 
particular, researchers have investigated whether 
dogs know what humans can see. Dogs are especially 
sensitive to human attention, i.e., they are able to 
distinguish between situations in which a human is 
attentive to them or not (Call et al. 2003; Bräuer et al. 
2004; Gácsi et al. 2004; Virányi et al. 2004; Kaminski 
et al. 2017). They are also sensitive to the human 
perspective (Kaminski et al. 2009a; Kaminski et al. 
2013). Finally, dogs are also capable of auditory 
perspective taking - the ability to assess what 
humans can hear (Bräuer et al. 2013a; see Kundey et 
al. 2010). 

	• The third social-cognitive domain in which dogs 
seem to show special skills is cooperation, defined as 
a behaviour that is beneficial to another individual 
or to both individuals involved in a task (Melis and 
Semmann 2010; Amici 2015). One kind of cooperation 
is prosocial behaviour, defined as a cooperative 
behaviour on the part of one individual (the actor) 
that benefits another individual (the recipient) 
and occurs voluntarily (see Bräuer 2015; Melis 
and Warneken 2016 for reviews). Dogs cooperate 
with humans towards various objectives including 
protection, hunting, herding, rescuing, searching, 
servicing, and guiding (Miklósi 2007; Serpell 2016). 
In all these scenarios, dogs behave beneficially 
towards humans. However, in most of these cases it 
is unclear whether dogs actually understand human 
intentions and are motivated to cooperate with 
them, or whether they have simply been trained 
to follow specific commands or react to particular 
situations in certain ways (Bräuer et al. 2013b; 
Bräuer 2015; Marshall-Pescini et al. 2016b). Recent 
studies have produced mixed evidence (see Bräuer 
2015 and Marshall-Pescini et al. 2016b for reviews). In 
the prosocial choice task, subjects are given a choice 
between two reward combinations, one of which 
delivers a food item to the subject and the recipient 
(prosocial choice) and the other, which rewards only 
the subject (selfish choice). Quervel-Chaumette et al. 
(2015) found that dogs showed prosocial preferences 
towards conspecifics whereas in another version of 
the prosocial choice task, Dale et al. (2016) did not 
find evidence for prosocial preferences.

Given that dogs prefer humans to other dogs as social 
partners (Miklósi et al. 2003; Gácsi et al. 2005; Topál et 
al. 2005) and that the dog-human bond is comparable 
to the attachment between human infants and their 
mothers (Prato Previde and Valsecchi 2014), it is likely 
that dogs might cooperate better in such a task with 
a human partner than with another dog. However, 
Kaminski et al. (2011) did not find evidence that 
dogs helpfully inform a human about a hidden object 
(Kaminski et al. 2011). Dogs also do not seek help when 
their owner is simulating a heart attack (Macpherson 
and Roberts 2006) when they do not have special 
training. It is possible, however, that in these cases 
the dogs simply did not understand how to support 
the human partner (Bräuer 2015), thus Bräuer et al. 
(2013b) tried to make the human problem as obvious 
as possible for the dog. In their study, dogs opened a 
door when a human expressed that she wanted to enter 
a target room. Interestingly, the dogs continued to open 
the door for the human over multiple trials without 
receiving any reward, indicating a high motivation to 
support her (Bräuer et al. 2013b).

In sum, dogs outperform other social species in 
their ability to pay attention, to communicate and 
to cooperate with humans. It is therefore generally 
accepted that during the process of their domestication, 
dogs have evolved human-like skills that help them 
to function effectively in human societies (Hare 
and Tomasello 2005; Kaminski and Marshall-Pescini 
2014). Thus, humans might have selected them to be 
particularly good cooperative and communicative 
partners (see Bräuer 2015 for a review). 

2 What we do not know

In the previous section, we summarised how the 
findings of comparative psychology in the last 20 years 
have shed light on the question of what skills dogs were 
selected for during domestication - namely, skills that 
made them able to better communicate and cooperate 
with humans. However, if we want to understand the 
whole process of dog domestication, there are many 
open questions that, in order to be answered, require 
an interdisciplinary approach. 

One general question is when and where the process 
started. Although some authors claim that dogs were 
domesticated more than 30–40,000 years ago (Vilá et 
al. 1997; Thalmann et al. 2013; Wang et al. 2013), others 
doubt that. The common understanding is that dog 
domestication started at least 14,000 years ago, as there 
is clear social and cultural evidence of domesticated 
dogs from this time (as illustrated by the Bonn-
Oberkassel dog mandible found in a late Paleolithic 
grave in Germany; Janssens et al. 2018). Thus, a more 
precise date and place of the first domestication event 
remain unclear. Findings from genetics and archaeology 
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can elucidate when and where precisely dogs were 
first domesticated (Wayne and Vilà 2001; Larson and 
Bradley 2014; Serpell 2016;), and how they spread all 
over the world (Kaminski and Marshall-Pescini 2014; 
see also Mitchell 2017; Ní Leathlobhair et al. 2018). 

Another sub-question might be more difficult to 
answer: why were wolves domesticated in the first 
place? Clutton-Brock (1977: 1342) has explained 
domestication as the ‘exploitation of one group of 
social animals by another more dominant group, 
which maintains complete mastery over its breeding, 
organization of territory, and food supply’. Selective 
breeding over the course of many generations enhances 
various behavioural and physical characteristics 
conducive to domestic harmony and utility (Price 
1984; Serpell 2016). Other authors, such as Zeder 
(2012) see domestication from a more mutualistic 
approach, where both human and domesticate benefit 
from the relationship (Price 1984; Zeder 2012). If 
domestication leads to a symbiotic relationship, then 
we would expect there to be advantages for both 
species - humans and wolves/dogs. 

There is no doubt what the advantage was for the 
wolves that not only gained a new food resource in 
human camps but were also protected from predators. 
However, what was the initial advantage for the 
human to domesticate the wolf? Hale (1969) has 
suggested behavioural characteristics that facilitate 
the domestication process, such as, for example, 
a hierarchical group structure, a critical period in 
development of species-bond, being omnivorous, and 
a short flight distance - meaning they do not run far 
from humans when they encounter them (Hale 1969; 
see also Diamond 1997). However, a number of these 
characteristics do not apply to wolves, such as being 
precocial and having limited agility. Moreover, wolves 
and early humans were competitors in hunting the 
same kinds of prey. So why did we domesticate a species 
that was a food competitor before we even settled 
down? A tentative answer to this question might rely 
on various hypotheses about how wolves/dogs were 
initially used at the beginning of the domestication 
process. Humans might have taken advantage of their 
attentiveness and their hunting abilities. Wolves/
dogs probably cleared camps of garbage and vermin, 
and they also might have been used as a source of 
meat, of heat, and as a means of transportation 
(Zimen 1992; Paxton 2000; Miklósi 2007; Serpell 2016). 
Therefore, wolves might have had specific traits that 
allowed humans to make advantageous use of them, 
but whether this is the case or whether they were 
coincidentally in the right place at the right time 
for being domesticated remains an open question 
(Kaminski and Marshall-Pescini 2014).

There are also multiple theories on how domestication 
started. Perhaps it was initiated by humans, as hunters 
brought wolf pups into the camp, or perhaps wolves 
approached human camps to feed on discarded food 
scraps. The first scenario paints a picture where humans 
actively selected particularly friendly and approachable 
wolf puppies for companionship (Zimen 1992; Kaminski 
and Marshall-Pescini 2014). In the second scenario, in 
line with the so-called self-domestication hypothesis, 
wolves that were less aggressive or less fearful towards 
humans would have had the selection advantage to 
approach and live in close proximity to humans, and so 
had the opportunity to exploit new and reliable food 
sources (Hare et al. 2012; Kaminski and Marshall-Pescini 
2014). Today, many researchers suggest that it was a 
combination of these two scenarios - that wolves lived 
in close proximity to humans, and that some of them 
were tamed by humans and later humans selected for 
animals showing less aggression and fear (Coppinger 
and Coppinger 2001; Miklósi 2007; Galibert et al. 2011; 
Kaminski and Marshall-Pescini 2014). Some authors 
have speculated that social structure and hunting 
behaviour were similar for early humans and dogs’ 
ancestors, as wolves also hunt and breed cooperatively 
(Clutton-Brock 1977; Coppinger and Coppinger 2001; 
Mech and Boitani 2003). Cooperation skills probably 
already existed in dogs’ ancestors, as recent studies 
with hand-reared wolves socialised with humans 
have confirmed that these wolves not only show high 
social attentiveness and tolerance but are also highly 
cooperative. Such characteristics may have provided a 
good basis for the evolution of dog-human cooperation 
(see Range and Virányi 2015 for a review).

In short, both the reason for domestication and the 
way in which it started remain highly speculative. But 
they both depend on the place and timing of the initial 
domestication. For example, it would be crucial to know 
whether dogs were domesticated long before or during 
the Neolithic (see also Ben-Dor et al. 2011; Larson and 
Bradley 2014). Thus, unless the place and timing are not 
agreed upon, it is nearly impossible to draw conclusions 
about the reasons and process of initial domestication.

Another crucial point to understanding dog 
domestication is to take into account non-western 
cultures. Nearly all of the animal cognition studies 
mentioned above tested dogs owned by people from 
‘WEIRD’ societies, i.e. Western, Educated, Industrialised, 
Rich, and Democratic societies (Henrich et al. 2010). 
However, the majority of dogs in the world - about 
75% - are not kept in the same way as they are in 
western countries (Gray and Young 2011; Kaminski and 
Marshall-Pescini 2014). Gray and Young (2011) explored 
typical dog-human dynamics in 60 different societies, 
using the electronic global ethnographic database 
eHRAF. They found that, globally, some dogs served 
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practical functions such as aiding in hunting and pest 
removal, while some were simply kept for pleasure or 
companionship. Additionally, positive and negative 
interactions, feeding, and sleeping patterns varied 
substantially across societies (Gray and Young 2011). 

Positive or negative attitudes toward dogs might also 
influence how dogs are understood. Amici et al. (2019) 
compared how groups of humans with different levels 
of experience with dogs rated dog emotions from 
pictures. They found that persons from cultures that 
are not generally dog-positive (for example, in this 
study, Muslim cultures in which dogs are often viewed 
as ‘impure,’ and are rarely integrated as part of the 
family) perform worse at accurately interpreting a 
dog’s emotions from a photograph compared to persons 
who come from cultures that have a generally positive 
attitude towards dogs (Amici et al. 2019). The authors 
concluded that the ability to recognise dog emotions is 
mainly acquired through age and experience. However, 
happy and angry emotions were recognised well 
independently of participants’ age and experience. 

We know, therefore, that there are differences among 
human cultures in the ways dogs are kept, valued and 

communicated with. What we do not know is whether 
these differences act as different selective pressures on 
dog cognition and behaviour, and whether any resulting 
differences are likely to be heritable. Unfortunately, 
the absence of carefully planned cross-cultural studies 
means that we do not know whether dogs kept in non-
western cultures perform similarly to ‘western’ dogs in 
cognitive tests. 

3 New questions and interdisciplinary approaches

To answer the crucial questions about dog 
domestication, there has to be an interdisciplinary 
approach including archaeology, genetics, anatomy, 
psychology, and anthropology. Below we propose three 
lines of questions to be considered, see Figure 2.

3.1 The starting point of domestication 

Geneticists and archaeologists are continuing to 
investigate when and where wolf domestication took 
place (i.e. Ostrander et al. 2019). The particular question 
to be answered is whether it was only one or a very 
few domestication events in one place (i.e. Thalmann 
et al. 2013) or whether dogs were domesticated more 

Figure 2. Figure represents the co-evolutionary relationship between dogs and humans.  
Several questions about dog domestication remain open and can be summarised under  

three main themes: the starting point, process, and outcomes of domestication.  
(Parts of this figure were created by Kathryn Kirby and are used with her permission).
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than once in multiple places (Mech and Boitani 2003; 
Frantz et al. 2016). The latter scenario would better 
explain the huge variability in modern dogs that could 
potentially also involve their cognitive skills. This 
would raise the possibility that humans from particular 
cultural backgrounds may have selected their dogs for 
particular aspects of cognition.

A further related question is why wolves were 
domesticated at that time. More precisely: what skills 
made dogs valuable for humans so that they were 
domesticated? The question of what skills made dogs 
valuable for humans should be investigated. One 
possibility is their sense of smell. As dogs have an 
excellent sense of smell, which is 10,000 to 100,000 
times better than that of humans (Dalziel et al. 2003; 
Walker et al. 2006; Green et al. 2012; Hall et al. 2015; 
Polgár et al. 2016; Bräuer and Belger 2018), it is feasible 
that early humans found this skill useful. Wolves 
probably perceived predators earlier with their nose, 
and humans might have noticed that. When the bond 
between the two species became closer, the sensitive 
nose of dogs may have been very helpful in cooperative 
hunting. 

To answer this question about the benefit for early 
humans, it is crucial to investigate how dogs were 
initially used. Archaeological and anthropological 
findings about the earliest functions of dogs in various 
cultures can help to answer this question. Moreover, 
it is also important to directly quantify the benefit of 
dog keeping. For example, it was found that hunting 
dogs have a big impact on hunting success (Ruusila and 
Pesonen 2004). Further studies should also investigate 
whether there are societies with a long history of 
cooperating with dogs that have been more successful 
over evolutionary time periods than societies without 
dogs (i.e., Shipman 2017).

3.2 The domestication process

One of the most crucial questions about the process 
of domestication is what skills dogs were selected 
for. The obvious approach to answer this question 
is a comparison with their closest living relatives, 
wolves. Regarding behaviour and cognition, there have 
been various studies in the last 20 years that directly 
compare the behaviour of dogs and wolves. In most 
of these studies, dogs and wolves were raised in an 
identical way to ensure that the study subjects were 
truly comparable (i.e. Lampe et al. 2017). Although dogs 
outperform wolves in their ability to use the human 
pointing gesture (see above), there are various tasks 
on which they underperform in comparison to their 
undomesticated relatives. Wolves outperform dogs in 
quantity discrimination (Range et al. 2014) and causal 
reasoning (Lampe et al. 2017). They are more persistent 

(Marshall-Pescini et al. 2017a; Rao et al. 2018; see also 
Miklósi et al. 2003) and more risk prone than dogs 
(Marshall-Pescini et al. 2016a). In their packs, wolves 
reconcile better than dogs (Cafazzo et al. 2018) and 
share monopolisable food more often (Dale et al. 2017). 
Regarding cooperation tasks, the results are mixed. On 
some tasks, wolves cooperate better with conspecifics 
than dogs (Marshall-Pescini et al. 2017b), while on other 
tasks they perform equally well (Bräuer et al. 2020). 
These findings illustrate that wolves have maintained 
skills that enable them to survive in the wild, and that 
they are adapted to their life in their cohesive social 
group.

To characterise changes during domestication, an 
interdisciplinary approach would be illuminating. For 
example, it was recently found by a group of anatomists 
and psychologists that dogs possess a muscle 
responsible for raising the inner eyebrow intensely 
that is not present in wolves (Kaminski et al. 2019). It is 
likely for two reasons that domestication transformed 
the facial muscle anatomy of dogs specifically for facial 
communication with humans. First, dogs only use this 
muscle to raise the inner eyebrow when a human is 
looking at them (Kaminski et al. 2017). Second, humans 
have a preference to adopt dogs that show the inner 
eyebrow raise (Waller et al. 2013). Why exactly humans 
prefer such dogs is still speculative. It might be related 
to paedomorphism, i.e., that dogs appear more like 
wolf puppies. These features were thought to have 
evolved as a byproduct of the domestication process, 
and arose accidentally when aggression was actively 
selected against (Hare et al. 2012), but it is also possible 
that dogs were selected for these features as human 
prefer paedomorphic characteristics (Kaminski et al. 
2019). This combination of behavioural and anatomical 
studies seems to be very promising to shed light on the 
selection process during domestication.

Another less obvious approach to understand the 
domestication process is using linguistics. It is possible 
that linguistic patterns might provide clues regarding 
the history of dog-human-relationships in particular 
societies. For example, linguists often use patterns of 
colexification and cognacy to make inferences about 
the origins of particular terms and the extent to which 
they may have been borrowed from a neighbouring 
language vs. inherited from a linguistic ancestor. It 
might be interesting, for example, to examine patterns 
of colexification between lexemes for ‘dog’ and those for 
‘wolf ’ or other wild canids across as many of the world’s 
~7000 languages as possible. It could then be tested 
whether observed patterns of colexification reflect 
what is known from the historical and archaeological 
record about dog domestication and dog keeping across 
regions and language families. Similarly, it might be 
expected that the standard term for ‘dog’ in a language 
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would reflect dogs’ dominant function in societies that 
speak that particular language. This hypothesis could 
be tested by examining patterns of cognacy (shared 
word origin) among societies in which dogs share 
vs. differ in their dominant functions (e.g., hunting, 
herding, defence).

Finally, to fully understand the domestication process, 
one should not only investigate dog cognition and 
behaviour but also the human side of the equation 
and the possibility of co-domestication. According to 
the co-domestication hypothesis, not only have dogs 
evolved special skills to assess humans, but humans 
may have also evolved special advantageous skills that 
favour mutual understanding between the two species 
(Kaminski and Marshall-Pescini 2014; Amici et al. 2019).

3.3 The result of dog domestication

The third and final important line of inquiry into the 
question of dog domestication explores its outcome 
- the contemporary dog-human relationship. One 
lingering question is the universality of dog-human 
interactions, i.e., the extent to which the recently 
recognised typical social-cognitive skills of dogs are 
universal or whether they are influenced by the society 
in which the dogs live. For example, what patterns 
are found in the differences in keeping, treating, and 
perceiving dogs across cultures? One hypothesis would 
be that the dog-human relationship is closer in societies 
where the dominant dog function requires intense 
cooperation between humans and dogs (see also Bräuer 
et al. 2020). It is also likely that there is a more positive 
attitude towards dogs when they have predominantly 
cooperative functions (i.e., shepherd or hunting dogs), 
resulting in more careful treatment of these dogs, 
than when they have predominantly non-cooperative 
functions (i.e., guard dogs). Moreover, in particular in 
western societies, sociological studies can describe the 
influence dogs have on societies today (i.e. Sanders 
1999).

Another question is whether there are differences 
in dogs’ cognitive skills and dog-human interactions 
depending on the cultural practices of the society 
they live in and dogs’ function(s) in that society. Have 
human cultural differences acted as different selective 
pressures on dog cognition, and have they produced 
detectable differences in dog-human interaction? To 
investigate this, dogs from different cultural contexts 
should be tested in cognitive experiments about dog-
human communication and cooperation (see above).

Finally, to better understand the contemporary dog-
human relationship, it would also be important to 
find ways to quantify the benefit of dog keeping today. 
A first approach could be to attempt to quantify the 

benefit of dog ownership, for example, in western 
societies (i.e. Cutt et al. 2007; Knight and Edwards 
2008). By developing new techniques for measuring 
the benefit to humans of dogs in different contexts, as 
well as calculating their costs, we can assess whether 
the dog-human relationship is, as commonly believed, 
mutualistic or, as some argue, parasitic (Archer 1997).

4 Concluding remarks

We have seen how in recent years, research in 
comparative psychology has revealed that dogs evolved 
human-like skills in order to live functionally in human 
societies. Particularly, dogs show remarkable skills 
in three social-cognitive domains: communication, 
perspective taking, and cooperation.

We know that humans might have selected dogs to 
be good cooperative and communicative partners, 
however, there are several aspects of this process that 
are still unknown: When, where, and how did the 
process of domestication start? Why were wolves a 
good candidate to be domesticated? How do the results 
of this process look today and how does dog keeping 
differ across cultures? 

In conclusion, although the research about dog 
domestication has made great leaps forward in the 
last 20 years, several open questions remain. These 
questions can be summarised under three main 
themes - the starting point, process, and outcomes of 
domestication. To answer these questions, we need an 
interdisciplinary approach in which scientists from 
archaeology, genetics, anatomy, psychology, sociology, 
and anthropology work together.
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