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Preface

‘‘Dogs,’’ the developmental psychologist Paul Bloom declared in 2004, ‘‘are the
next chimpanzees.’’ Bloom was right: while chimpanzees were the stars, and, with
other primates, the primary subjects of comparative cognition research for dec-
ades, in the last 15 years their dominance has been challenged. In the late 1990s,
research with dogs began to appear intermittently in major scientific journals of
behavior and cognition; since that time, the number of scientific papers written
about dog abilities has skyrocketed. ‘‘Dog labs’’ dedicated to studying the behavior
of the species have been developed internationally, and dogs have been accepted
as (and indeed are becoming) some of the most well-researched and interesting
subjects of contemporary psychology and ethology.

The field of ‘‘animal cognition’’ is motivated by an interest in the description of
animals’ capacities and mental processes (including beliefs, desires, memories,
and other cognitive content), especially insofar as it is explanatory of behavior.
It began developing in the mid-twentieth century, arguably spurred by Donald
Griffin’s 1976 The Question of Animal Awareness, which legitimized questions of
the mental experience of animals. By 1998, the field had grown sufficiently that the
journal Animal Cognition (Springer) was launched. The current volume is con-
cerned with a veritable subfield of animal cognition: ‘‘dog cognition.’’ Here, too,
investigation on dogs has quickly escalated: a 2002, 50-essay volume on animal
cognition contained only essay using dogs as the main subject model (by a con-
tributor in this volume, M. Bekoff).

While there are now many multi-author volumes dedicated to the study of
nonhuman primate cognition and animal behavior and cognition in general, no
edited academic volume on Domestic Dog Cognition and Behavior currently
exists. Thus, the current volume represents the first compilation bringing together
the writings and research of a number of the leading and most forward-thinking
researchers in the field. The authors includes the head of the preeminent dog
research program at Budapest’s Eötvös University; the principal investigators at
the University of Veterinary Medicine in Vienna; the heads of the University of
Arizona and of Barnard College’s dog cognition research groups; as well as some
of the first biologists and researchers to study dogs and to write about their
cognition; early, renowned investigators of the dog–human bond and effects
of domestication and breed; and experts in olfaction, social cognition, and
comparative canid work.
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Though some research, and some of these researchers, emerge from a
‘‘comparative’’ perspective—which science is concerned with comparing the
behavior and abilities of animals, especially human and nonhuman—others come
from veterinary, cognitive science, and ethological backgrounds. Instead of being
a corpus of comparative findings, therefore, this volume is designed to describe the
results of the dog qua dog. The results of studies are used to draw a picture,
inasmuch as it is possible, of the capabilities of dogs as subjects of interest
themselves.

Dogs are not a new subject of study, but this interest in exploring the species’
behavior for its own sake is new. Pavlov’s dogs were used to demonstrate a form
of learning which is seen in most animals (Pavlov 1927); Darwin, for his great
personal interest in dogs, studied domesticated animals as a means to understand
how artificial selection worked (Townshend 2009). Neither’s research was
intrinsically motivated by the dog: indeed, Pavlov’s invasive work, including
decerebration, could be seen as antithetical to developing an understanding of the
behaving dog per se (Pavlov 1927).

My own arrival upon dogs as a research subject emerged from a comparative
interest as well. When I began studying dog behavior, only 15 years ago, it was not
dogs as a species which intrigued me. Instead, I was in search of any animal
behavior which could give insights into the mental experience and cognitive
understanding of the species, on average. In particular, I was interested in iden-
tifying behaviors from which one might be able to infer the presence or absence of
a ‘‘theory of mind’’ in animals. Investigation of such ‘‘metacognitive’’ topics as
theory of mind, or understanding of the intentionality of others’ behavior, is
notoriously intractable with nonverbal animals: most studies of human metacog-
nition require verbal response or confirmation from subjects to confirm presence of
an ability. Experimental metacognitive paradigms with nonhuman animals have
usually led to ambiguous results, and even in cases where a species ‘‘passed’’ the
test, alternative explanations for their behavior were easy to find (Shettleworth
1998). Given that any metacognitive ability in animals must have a function in
ordinary intraspecific interactions, I went in search of a naturally occurring
behavior tightly linked to the development of theory of mind. In human children,
social and pretend play are implicated in development of metacognitive abilities
(and an absence of play, in some children’s difficulty with theory of mind)
(see, e.g. Baron-Cohen et al. 1993). Thus I began to look at play in animals to see
if it had any of the markers of consideration of others’ states of mind. Domestic
dogs regularly engage in intraspecific and interspecific play, up to one-third of
their awake life as juveniles, and continuing into adulthood (Bekoff and Byers
1998; Fagen 1981; Horowitz 2002). Through detailed characterization of their
behaviors in dyadic social rough-and-tumble play, I found that dogs used com-
municative play signals with sensitivity to the attentional state of a potential
playmate, and used attention-getters suited to the level of inattention of the
audience, often in order to gain attention before play-signaling (Horowitz 2002,
2009). This presaged the now myriad findings of the dogs’ ability to identify and
use human attentional states (e.g., Call et al. 2003; Schwab and Huber 2006).
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In terms of metacognition, the main result of the play research was a suggestion
that dogs may have a ‘‘rudimentary,’’ inceptive theory of mind (Horowitz 2009);
but the recognition of dogs as a viable and somewhat surprising research subject
was the other practical result of the research.

The dog Domestic dogs are members of the Canidae family, along with social
carnivores like the wolf, dingo, fox, coyote, and jackal (Serpell 1995). Canis
familiaris1 is the only canid species to be fully domesticated. Archeological
evidence suggests that domestication of dogs, from wolves, Canis lupus, began at
least 10-15,000 years ago, about the time that nomadic hunter-gathering humans
settled into more agricultural societies (Clutton-Brock 1999), and perhaps at
multiple locations (e.g. Boyko et al. 2009)—although mitochondrial DNA from
wolves and dogs dates their divergence to 145,000 years ago (Vilà et al. 1997).

Dogs were also the first domesticated animal (Clutton-Brock 1999). This was
surely due in part to their social nature, but also implicated must be their ancestors’
willingness or ability to change behavior importantly in response to human
behavior. Although humans have long explicitly bred animals for specific
characteristics, domestication generally begins with a gradual association of a
species with humans, whereby successive generations grower tamer and, finally,
behaviorally and physiologically distinct from their wild ancestors. In particular,
one speculated origin of domesticated dogs is that ancestral wolves began to exploit
the new ecological niche that was trash-heaps, or ‘‘dumps,’’ on the periphery of
early human communities; these wolves may have been, tended to, occasionally
eaten by, but generally tolerated by human (Coppinger and Coppinger 2001; Fuller
and Fox 1969; Serpell 1995). Human selection began perhaps inadvertently by
allowing those animals that were useful or pleasing to survive, while deterring or
destroying those that were not (Hale 1969).

This earliest artificial selection would have favored an animal that was flexible
in its behaviors, able to, to some extent, anticipate human (interspecific) behavior,
and not strongly territorial. Belyaev’s famous study creating a cadre of what he
called ‘‘domesticated elite’’ foxes by selecting those who reacted to humans
non-aggressively or fearfully (Belyaev 1979; Trut 1999) indicates that domesti-
cation may change behavioral thresholds (as of a fear response, predatory urge, or
aggression).

Artificial selection for the characteristics that comprise today’s current dog
breeds began relatively recently, only 200 years ago, with the rise of dog
‘‘fancies.’’ Breed ‘‘standards’’ appeared which listed the desired traits for members
of a breed, which individuals were interbred to perfect the line (Garber 1996). The
physical and behavioral diversity apparent in today’s dog population arises from
this intensive (and often destructive (Asher et al. 2009)) breeding practice.

1 Throughout the volume, authors alternately use the Latin Canis familiaris and Canis lupus
familiaris. Though the former is the current Linnean term in most favor, the latter reflects the
belief that the dog is but a sub-species of wolf, having evolved therefrom.
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In the U.S. alone, there are an estimated 75 million owned, pet dogs, both
purebred and mixed breed. These animals are but a fraction of the stray,
free-ranging, and owned dogs worldwide. The ubiquity, and, to a great degree, the
success of this species at living with and among humans makes them a compelling
subject.

Parts of the Volume

The current volume is divided into three parts, each highlighting one of the
different vantages relevant to providing a full understanding of the dog. Part I
includes chapters providing orientation on the subject, such as the perceptual
abilities of dogs and the effect of interbreeding. Surprisingly, while olfaction is the
dog’s primary sensory modality, few academic papers on or about dogs begin with
an assessment of this skill and describe its relation to the behavior of the species.
This volume remedies that, opening with Gadbois and Reeve’s detailed summary
of the science of canine olfaction, from physiology to proposed processing sys-
tems, and including various methods for assessing and training dogs. They discuss
the relevance of the species’ olfactory ability in the context of experimental work
and applied fields, such as in disease detection. Next, Serpell and Duffy describe
the contributions of a dog’s breed on its behavior, using the well-validated owner
questionnaire developed by Serpell and others (C-BARQ) to hypothesize about the
bases for various behaviors, both desired and undesired. In this way, they explore
the genetic, functional, and inbreeding-related origins of behavior. Finally, canid
ethological work with dogs is reviewed and advocated for by Bekoff, who uses
results from play and scent-marking studies to highlight the value of observational
studies of dogs, reminding us of the opportunities available, and the methods
necessary, to study this animal in detail.

Part II reviews observational and experimental results from studies of physical
and social cognition, such as learning and social referencing. To begin, Huber,
Range, and Virányi describe results from their and others’ labs on what is broadly
called ‘‘social learning’’ in dogs: essentially, learning how to do an act by seeing it
done. They consider the different kinds of learning, including social facilitation
and various levels of imitation. By critically assessing the differences between
kinds of imitation, they provide an acute lens on the current state of the field.

Perhaps the most widely researched field of dog cognition is ‘‘social cognition.’’
Even without the white sclera of the human eye which, it has been posited, allows
humans to more distinctly see the gaze casting out from the iris, dogs share with us
the willingness, even interest, in making eye contact. Prato-Previde and
Marshall-Pescini argue that the social cognitive ability of dogs arises in part from
this change. They review the wide-ranging studies of how dogs use their own,
conspecifics’, and humans’ gaze—from interspecies social referencing, to dogs’
use of human communicative cues—as well as exploring the meaning and com-
municative value of this ‘‘looking.’’ Elaborating on that work, Rossi, Smedema,

viii Preface

V
e
tB

o
o
k
s
.i
r



Parada, and Allen make the case that social cognitive skills of dogs reflect in part
a kind of coevolution between humans and early domestic dogs. They describe
preliminary work with an eye-tracking device which can determine gaze in a free-
moving dog that is participating in a gaze-following task. By assessing the way the
dog visually scans human gestures, they contribute to a better understanding of
what the dog is experiencing in various experimental settings. This research, as
with all work on social cognition, is also an exploration of the commonalities of
the dog–human social group.

Finally, Fiset, Nadeau-Marchand, and Hall investigate the physical cognitive
abilities of hand-reared, captive (but not pet or tame) wolves as a way to reflect
upon what of Canis lupus is left in Canis familiaris. In particular, they report
results of tests of development of object permanence and sensorimotor skills in
young wolves, and compare these to the available results from domestic dogs.
The differences as well as the similarities put a useful lens on what is changed by
the process of domestication and artificial selection.

Part III nicely ties up and reflects upon the work in the fields of dog cognition
and behavior to date, in chapters reviewing the various conceptual and method-
ological approaches in the field, testing anthropomorphisms made of dogs, and
developing practical application for behavioral and cognitive results to be used in
animal welfare. Fugazza and Miklósi begin by critically assessing the methods
used to study dogs in much of the research described above. Since researchers of
the field come from a wide array of backgrounds, methods do not always converge,
and the corpus of knowledge on the species is being built, they argue, somewhat
haphazardly. They encourage a consensus based in ethology and on sharing data.

Among those estimated 75 million owned dogs in the U.S., there are presum-
ably a few that are not anthropomorphized by their owners. But not many.
Anthropomorphisms are relevant to the drawing of a complete picture of the
species dog because they reflect an anthropocentric attitude that not only are dogs
smaller, furrier versions of humans, but also that they are valuable or interesting
(as scientific subjects or even as animals) only insofar as they resemble us.
Horowitz and Hecht instead argue for replacing this perspective with a more dog-
centered research program. They describe work from their lab testing the context
of behavior that prompts common anthropomorphisms of dogs. Like Fugazza and
Miklósi, they reflect on the dog research to date and identify anthropocentric as
well as more dog-centric elements of published research paradigms.

Next, Udell, Lord, Feuerbacher, and Wynne follow Fiset et al. in looking at
hand-raised, captive wolf behavior, but in their case they use it to argue for a
revised understanding of who the dog is. In particular, they describe their work
which reassesses the cognitive and developmental differences between wolves and
dogs. Also reflecting on the approach of the dog research to date, they observe that
most research in the field is with owned dogs in first-world countries, which, they
argue, is not just the numerical minority of dogs currently alive, but also may not
be a representative sample of the extant species members.

The volume ends with a chapter considering how our growing, if incipient
understanding of the dog can be used practically to affect the lives of all dogs.

Preface ix

V
e
tB

o
o
k
s
.i
r



An appraisal of the good measures of health, emotional experience, as well as
cognitive abilities of the dogs can be used to propose a wide-ranging dog welfare
framework, as begun by Rooney and Bradshaw. Their chapter is a comprehensive
and important integration of many of the topics of this volume into the foundations
of a practicum for vets, handlers, kennel workers, and dog owners alike.

Domestic Dog Cognition and Behavior: The Scientific Study of Canis familiaris
highlights the state of the field in this new, provocative line of research. Chapters
considering past methods and work and initiating novel lines of inquiry draw a
fuller picture of the behavior of the domestic dog than has ever been done. These
pages also represent a move toward considering and studying domestic dogs for
their own sake, not only insofar as they reflect back on human beings.

Alexandra Horowitz
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Chapter 1
Canine Olfaction: Scent, Sign,
and Situation

Simon Gadbois and Catherine Reeve

Abstract Canine olfaction is a rich field of study for the behavioural sciences and
neurosciences, and it is rich in interdisciplinary connections. This chapter will
explore the neurocognitive and neuroconative bases of olfaction (the neurophysi-
ological foundations of cognition and motivation), and discuss the behavioural,
psychological, and semiotic dimensions of scent processing. It will cover the basic
psychophysics of olfaction and the methodologies allowing us to explore this
sensory modality, as well as the complex cognitive and motivational dimensions of
scent. This chapter will open with an overview of the different disciplines involved
in the study of canine olfaction. Some basic anatomy and neuroscience will be
reviewed, mostly with direct reference to behaviour and associated psychological
processes (e.g., cognitive, motivational, and affective systems). For the behavioural
aspect of olfaction, a discussion of the contrasting, yet complementary methods of
ethology and experimental psychology will be examined. The importance of both
field and laboratory research will be highlighted. Olfaction ‘‘in context’’ will also be
discussed in reference to zoosemiotics and in order to understand the canine
olfactory psychoethology in its most meaningful and functional dimension: pro-
cessing ‘‘signs’’ (including symptoms as with dogs trained for biomedical appli-
cations such as symptom detection). We will conclude with a short commentary on
the human-canine sensory symbiosis with sniffer dogs.

1.1 The Sciences of Canine Olfaction

Canids, like most mammals (and many other vertebrates, such as reptiles), live in an
olfactory world. Their Umwelt, or ‘‘sensory world’’, is impressively different from
ours (see also Horowitz and Hecht, this volume). Observing our dogs exploring

S. Gadbois (&) � C. Reeve
Department of Psychology and Neuroscience, Neuroscience Institute, Dalhousie
University, Halifax, NS, Canada
e-mail: sgadbois@dal.ca

A. Horowitz (ed.), Domestic Dog Cognition and Behavior,
DOI: 10.1007/978-3-642-53994-7_1, � Springer-Verlag Berlin Heidelberg 2014
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their social landscape by relentlessly sniffing scent marks (mostly invisible, unless
you live where yellow snow is a possibility) left by others, we understand that we
are not in the same sensory-perceptual world. We are just starting to understand the
amount of information that animals process from chemical messages. Like us with
our emails and social site postings, dogs and other canids have their own world of
‘‘peemails’’ and ‘‘Nosebook’’ to explore, create and manipulate (Harrington and
Asa 2003; Bekoff 2001; Allen et al. 1999; Wells and Bekoff 1981).

The study of olfaction has traditionally focused on mammals and insects. In
mammals, rats and mice have been the primary model systems, at least in
experimental psychology and neuroscience. Recent focus on dogs, and working
dogs more specifically, seems to have sparked an interest in the scientific study of
olfactory processing in canines. Different theoretical, conceptual, and methodo-
logical perspectives have contributed to the science of canine olfaction over the
past century or so, either directly or indirectly. Here, we will advocate a generalist,
synthetic, and broad-reaching perspective on canine olfaction. We believe in a full
integration of experimental psychology (mostly psychophysics and animal learn-
ing theory), behavioural biology (mostly ethology because of its strong focus on
proximate questions), neuroscience (behavioural, cognitive, affective, and social)
and zoosemiotics. Many new applications surface every year (from bed bug
detection to telephone poll rot detection)—most either unknown by the scientific
community, or known in their own parallel (non-academic) world of ‘‘research and
development’’ (R&D) and applied types of research with low inter-disciplinary
diffusion. An important part of the scientific contribution to canine olfaction has
been fringe and marginal for decades. Canine olfaction can be discussed in relation
to the natural environment of the animal or in the context of laboratory conditions.
Applied canine olfaction is also a growing area of investigation and often relates to
‘‘quasi-experimental’’ approaches and the industrial, R&D model of applied
research. We will discuss some of these applications later.

The field of ‘zoosemiotics’ deserves a brief introduction. Sebeok (1968, 1977)
conceptualized the field around the idea of ‘semiotics’, or the ‘theory of signs’. This
perspective applies well to ‘‘semiochemicals’’: chemicals used as signs. At first
glance, the field seems to duplicate the study of animal communication (e.g.,
Bradbury and Vehrencamp 2011). But interestingly, communication, according to
zoosemioticians, is only one of three sign processes, or semiosis. Communication
describes the ‘‘classical’’ perspective in the field of ethology: exchange of infor-
mation between a sender and a receiver. Zoosemiotics also makes room for ‘‘rep-
resentation’’ (when a sender is producing a sign without the presence of a receiver,
arguably for an intended receiver or clearly identified receiver, or if you will, a ‘‘to
whom it may concern’’ message) and ‘‘signification’’ (when a receiver is present
and processing a sign, without the emitter or sender being present). A clear case of
representation would be when a canine sender/emitter is urinating, potentially scent
marking its territory, but without any other dog in the vicinity. Signification would
be when a urine mark or defection is found, and processed by the receiver, without
the sender/emitter present, and without the assumption that the receiver was the
intended target (see also Bekoff, this volume, on urination patterns). The elegant

4 S. Gadbois and C. Reeve
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nuance here is that intentionality in the processing of pheromones or allomones
(pheromones crossing the species barrier) is not assumed in either signification or
representation. In other words, a ‘‘sign’’ (including an olfactory one, or semio-
chemical) can provide information without being necessarily produced in the
context of communication (in which case, the term ‘‘signal’’ is used).

This brings us to the title of this chapter, ‘‘Canine Olfaction: Scent, Sign, and
Situation’’. It goes without saying that the stimuli discussed here are odorants or
scents. They are signs as defined by zoosemiotics, and they are always in context.
Without having to take a radical ‘‘ecological’’ or behavioural ecology perspective
on the issue, ethology, with its focus on direct observation of observable
behaviours, and its interest in social and developmental issues, as well as neuro-
physiological and fine-grained analysis of motor patterns (Fentress and Gadbois
2001), provides tools and an ‘‘in-context’’ framework that complements zoo-
semiotics, not to mention the highly formalist approaches of psychophysics and
animal learning research.

1.2 A Neurocognitive and Neuroconative Perspective
on Olfaction

This section will address how mental processes (cognition) and motivations
(conation) interact to produce and modulate olfactory behaviours. The neurosci-
ence of mammalian olfaction is a vast area of research, but the work on canines is
limited, mostly because of the potential invasiveness of the research. Much of what
will be mentioned here emanates from rodent and human research: most verte-
brates share the fundamental structure of the olfactory system, as well as its
mechanisms, and the homogeneity within the mammalian brain is truly impressive
(Panksepp 1998; Panksepp and Biven 2012). The olfactory system is fundamen-
tally linked to the limbic system or paleo-mammalian brain (MacLean 1990). Our
perspective in this chapter is neurocognitive. We will discuss two areas of theo-
retical interest in our lab: the neurocognitive issues behind olfactory processing
and learning in relation to training scent processing canines and the issue of
learning and motivation from a ‘‘soft’’ pharmacological perspective that one of us
(SG) calls the ‘‘dopamine hypothesis’’ (Gadbois 2010).

Because of our neurocognitive focus we will redirect the reader interested in the
neuroanatomical and neurophysiological foundations of olfaction to excellent
reviews (e.g., Buck 2000; Menini 2009; Shepherd 1994; Wilson and Stevenson
2006; Zelano and Sobel 2005). For the purpose of this chapter, we will focus mostly
on the olfactory cortex per se (Haberly 1998; Price 2003), that is, the cortical and
peri-cortical part of the olfactory system (the neo-mammalian and paleo-mamma-
lian parts of the olfactory system, respectively, per MacLean’s (1990) terminology).
We will not get into the distinction between the primary (or main) olfactory system
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and secondary (or accessory) olfactory system, well known from countless reviews
on the mammalian vomeronasal organ (VNO) and processing of pheromones and
allomones, but we will discuss one important neurocognitive distinction in olfactory
processing: the distinction between smelling (implicit processing, involuntary) and
sniffing (explicit processing, exploratory) as explained by Sobel et al. (1998).
Although Sobel et al. studied human brains, it is reasonable to think that some
aspects of this distinction between implicit and explicit neurocognitive processing
could take place in canids.

1.2.1 Three Main Neuroanatomical Components
of Olfactory Cognition and Conation

We will now describe briefly three main components of the olfactory system that
are involved in more ‘‘cognitive’’ processing of olfactory information, as well as
being involved in motivational mechanisms underlying olfaction.

1.2.1.1 Pyriform Cortex

The pyriform cortex is also called the ‘prepyriform cortex’ or ‘primary olfactory
cortex’: information from the olfactory bulb (an integral component of the limbic
system and the first sub-system involved in processing olfactory information from
the primary and secondary olfactory systems) is directly wired to the pyriform
cortex, which then feeds information to the frontal lobes and the orbitofrontal
cortex (via the thalamus). The pyriform cortex is believed to play an important role
in olfactory detection and discrimination (Price 2003; Wilson and Sullivan 2011),
especially the posterior pyriform cortex. (The anterior pyriform cortex is more
involved in the basic analysis of the chemical structure of the odorant. See Sect.
1.3.1.1 below).

1.2.1.2 Entorhinal Cortex

The entorhinal cortex feeds directly into the hippocampus, frontal cortex, and
orbitofrontal cortex. It has an important role in memory, especially spatial mem-
ory, and thus may play an important role in navigation and possibly tracking and
trailing in dogs. It is often defined as the main interface between the hippocampus
and the neocortex (frontal and orbitofrontal cortices). The structure is also linked
to the amygdala and seems to be involved in autonomic nervous system responses
to odours. Emotional memories driven or triggered by smell may involve the
entorhinal cortex in significant ways. It is fundamentally part of the hippocampal
complex and therefore involved in spatial memory and orientation. See Sect.
1.3.1.2 below.
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1.2.1.3 Orbitofrontal Cortex

Often labelled as the ‘secondary olfactory cortex’, this part of the cortex is known
to be important in decision making, as well as some cognitive processing of
reward, especially expectation and anticipation of rewards (Kringelbach and
Berridge 2009). It is therefore involved in the explicit processing of odours
(sniffing, as opposed to smelling).

1.2.2 Motor and Motivational Factors in Olfaction

The words ‘motor’, ‘motion’, ‘motivation’, and ‘emotion’ are etymologically
related, from movere, ‘‘to move’’ in Latin. They all have a neuropharmacological
connection as well: dopamine. This important excitatory brain neurotransmitter is
of great importance in the motor system at the cortical level (e.g., frontal lobes)
and subcortical level (the limbic system, the basal ganglia, and associated struc-
tures such as the ventral tegmental area, the substantia nigra, the nucleus ac-
cumbens, etc.). It is also implicated in activity in the olfactory system, including
the olfactory tubercle in the olfactory cortex (where it plays a role in the overall
‘‘reward’’ system of the brain; the pyriform cortex is rich in dopamine and
dopamine receptors), and finally the periglomerular cells in the olfactory bulb.
Cognitively, dopamine is associated with a broad range of cognitive functions,
including attentional processes, which are conceptually linkable to anticipatory
processes at the conative level (in fact, those constructs may be less conceptually
and practically distinguishable than currently believed).

Dopamine is involved motivational processes as well. As addiction to dopamine
agonists (amphetamines, cocaine) may suggest, the role of dopamine in modulating
the motivational system of addicts is remarkable. Interestingly, dopamine agonists
are known to increase motivation and anticipation, as well as olfactomotor behav-
iours and olfactory activity in the olfactory system. In fact, dopamine activity in the
lateral hypothalamus is associated with ‘‘stimulus-bound processes’’ (Panksepp
1998), such as exploratory olfactomotor behaviour—in other words, sniffing. Other
behaviours may be associated with this as well, such as mouthing, licking, whisking
(Deschênes et al. 2011) and more involved motor behaviours such as searching,
exploring, and manipulating behaviours. Incentive salience is a characteristic of
reward-predicting stimuli that define a system called the ‘‘WANTING system’’ by
Berridge and associates (Berridge 2001, 2004). This system is discussed by Panksepp
as being the SEEKING system, and similar theories exist elsewhere: Gray’s
‘‘Behavioural Activation System’’ (Gray 1987) and Depue’s ‘‘Behavioural Facili-
tation System’’ (Depue 2000). Berridge’s theory is more integrated in our opinion as
it explains very well the balance between an arousal state of anticipation for the
reward (wanting or seeking the reward: what ethologists labelled appetitive behav-
iours) and the opposing system that takes over when the reward is acquired and being
consumed. Here Berridge and Panksepp agree on some of the details, including the
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idea that those two systems are incompatible in the sense that if one is activated, the
other one is not (in normal conditions, and as Berridge would explain, addiction
would be an exception), and that what really motivate animals to do things, including
learning, is anticipating the reward, not consuming it: it is wanting it, not liking it.
Berridge explains well his integration of those two systems and their impact on
behaviour and learning (Berridge 2001; Berridge and Robinson 1998; Berridge et al.
2009). Some neo-behaviourist theories of conditioning postulated such quasi-cog-
nitive or cognitive factors in learning.

Neurocognitively and neuroconatively, ‘‘anticipations’’ and ‘‘expectations’’
seem to be modulated by the dopaminergic system—although it is not the only
neurotransmitter system involved (see Table 1.1 showing how the LIKING system
taps into endorphins, in fact suppressing the WANTING system, therefore sup-
pressing behaviour). As a reminder, dopamine is the central neurotransmitter in the
WANTING/SEEKING system. It is important in olfaction and motor behaviour in
general, and therefore plays a role in olfactomotor behaviours, including the basic
behaviour of sniffing that is enjoying its own scientific literature in recent years (in
humans, rodents, and canines; see Mainland and Sobel 2006; Sobel et al. 1998;
Kepecs et al. 2005; Panksepp 1998). Sniffing is an exploratory behaviour that has
many important roles in olfaction: it actively participates in the input of the
olfactory stimulus, it can be modulated to account for different odorant concen-
trations, and it can modulate the pattern of neural activity (e.g., brain waves).

In relation to canines, in 1992, Arons and Shoemaker demonstrated that some
dog breeds have higher baseline levels of dopamine than others. Border collies and
huskies have high dopamine levels; livestock guarding dogs’ levels are lower. It is
difficult not to think about the role of dopamine in some human disorders when
thinking of dopamine and dog breeds that seem to follow the pattern. Think of
border collies. The terms ‘‘hyperactive’’, ‘‘obsessive’’, ‘‘compulsive’’, etc., are
frequently used to describe individuals of that breed. This basically translates into
the intriguing possibility that individual differences and breed differences in
baseline dopamine levels may have a direct impact on cognition, motivation,
learning, and overall olfactory behaviour and performance. It is interesting to note
that our most successful laboratory and field work dogs are Border collies. A
selection bias may be at play here since we recruit dogs volunteered by their
owners eager to find an occupation for their overactive pets who appear in need of
stimulation, but if we look at the retention of individuals (the ones that make the
cut for advanced laboratory or field training), Border collies dominate the roster.
As a general rule, they are good and hard workers: motivated, persistent, good
sniffers, and their attentional focus can be channelled (in most cases) very well.

Our ‘‘dopamine hypothesis’’ essentially highlights the possibility that ‘‘software’’-
level characteristics (neurochemical and neural-level mechanisms and processes) are
more important than the often-touted ‘‘hardware’’ characteristics. For example, we
never had any luck with Bloodhounds and other hunting ‘‘scent dogs’’ mostly because
of motivational issues, resilience, ability to work long hours or consistently, and
overall performance and energy levels. By contrast, the ‘‘work ethics’’ of high-
dopamine breeds, like the Belgian Malinois, Jack Russell, and Parsons, is remarkable.
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Although we have not yet had the opportunity to work with these breeds, some field
biologists working with wildlife conservation canines believe Jack Russells are the
ultimate detector breed: Engeman et al. (1998) calls them ‘‘the unique detector
dogs’’. We know local dog trainers and handlers in the Canadian Maritime provinces
working in bed bug detection that would share that belief.

1.3 Between Nose, Brain, and Mind: Cognitive Processes

1.3.1 Neurocognitive Sub-Systems

The visual system has two pathways (or streams) of processing information from
the outside world (Schneider 1969). One is the WHAT system for object recog-
nition, and the other is the WHERE system for spatial vision and localization.
From an evolutionary perspective it is believed that those systems evolved in order
to make sense of the immediate threats and potential foraging opportunities
afforded to the animal. In this section, we argue that the olfactory system can be
conceptualized the same way. It may be too early to determine the neuroana-
tomical boundaries and localization of these subsystems (assuming it is even
relevant), but at least the processes involved can be identified. To those two main
systems, we will add one that may be of crucial importance to olfaction: HOW
MUCH. Table 1.2 summarizes the perspective we propose.

1.3.1.1 The WHAT System

The psychophysics literature makes a clear case for the distinction between detection,
discrimination, and identification. Those three processes are part of the ‘‘what’’
system. We will briefly describe the processes involved. Note that in terms of higher

Table 1.1 Theoretical relationships between anticipatory and reward systems of the brain

Appetitive behaviours Consummatory behaviours

Traditional system(s) • SEEKING system (Panksepp)
• Behavioural activation system (Gray)
• Behavioural facilitation system

(Depue)

‘‘Reward system’’

Berridge’s perspective WANTING system LIKING system
Associated brain areas Hypothalamus, basal ganglia and

associated structures
Limbic system: Amygdala,

Hippocampus, Septum,
etc.

Associated behaviours Exploratory behaviours: foraging,
stimulus-bound sniffing, mouthing,
licking

‘‘Feeling good’’

Associated
neurotransmitters

Dopamine Endorphins
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level (cognitive) processing, we have already identified the pyrifom cortex as an
important role player in the WHAT system.

Detection defines the identification of one stimulus (e.g., grapefruit oil) or
stimulus category (e.g., citrus essential oil) among background noise or interfer-
ence. Note that we recognize the importance of early stimulus generalization when
inferring categorical detection.

Discrimination defines the identification of one stimulus (e.g., grapefruit oil,
referred to as the S+ or positive stimulus) or stimulus category (citrus oils) as
contrasted to another often similar stimulus (e.g., orange oil, the S- or negative
stimulus) or another category (e.g., floral oils).

Identification is a process by which a more explicit knowledge of the stimulus is
made. In humans, for example, ‘‘naming’’ the stimulus would be a demonstration of
this level of discriminatory process. Matching-to-sample tasks attempt to get at that
level of investigation; that is, the hope is that matching a sample with a target among
many other choices is an indication that the animal explicitly ‘‘identifies’’ the target
as the ‘‘same as’’ the sample. By definition, identification is preceded by detection
and discrimination. We will use the laboratory technique of simultaneous matching-
to-sample as an example. Imagine a set of four exemplars: lavender, grapefruit,
sandalwood, and bergamot oils. Each of these odorants can be used as the sample to
be matched with one or more instances of the same odours. For example, if presented
with a lavender oil sample, a dog may be required to pick the matching sample in an
array (matrix, line-up, or any other arrangement) of two, three, or x number of
choices that can include any of the oils in the initial set and/or distractors. Another
example is same-or-different judgments: dogs are trained to investigate two odours
and simply indicate if the samples are the same or different (by pressing or poking a
paddle, for example). This specific type of learning, although at first glance simple
and elegant, has been found to be very difficult if not impossible to acquire by dogs in
our lab. Colleagues in developmental psychology have pointed out to us that even
children have a hard time with matching-to-sample (non-matching-to-sample tasks
being often acquired more readily) and same-or-different judgment tasks (Diamond
et al. 1999, Diamond 2006; Overman 1990; Premack 1983).

1.3.1.2 The WHERE System

The localization of olfactory stimuli is crucial in the context of finding food and
mates, just to mention the most obvious. We have identified the entorhinal cortex
as being an integral part in olfactory processing in the context of spatial memory

Table 1.2 Olfactory neurocognitive systems and corresponding neuroanatomical centres

WHAT WHERE HOW MUCH

Detection Searching Scaling
Discrimination Trailing
Identification (e.g., matching) Tracking
Pyriform cortex Entorhinal cortex Olfactory bulb; cortical?
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and likely localization of odours. It should be no surprise that canids, as predators,
have been efficient at using their olfactory sense to survive and reproduce. What is
less obvious is how this works beyond the WHAT system. Assuming the canine
knows the target scent (can detect it from background interference, can discrim-
inate it from similar odours that may be less relevant, and can identify it in more
complex situations), the issue of finding it when no other sensory modality can
help (especially vision and audition) is less obvious. This is where laboratory
conditions fail to give a full sense of the complexity of the processes necessary to
‘‘find’’ target odours.

The ‘‘sniffer dog’’ literature often distinguishes between trailing and tracking
dogs. There is in fact a significant confusion between these two processes, and in
some ways the distinction may be somewhat artificial or irrelevant to brain and
behavioural organization. But since it is an accepted conceptualization and often
defines specific training methods, protocols, and even dogs, we will include the
nuance in the WHERE system category. Not unlike the processes in the WHAT
system, the WHERE system addresses an incremental level of complexity in terms
of processing the stimulus. In this case, the stimulus is entirely ‘‘in context’’: in a
dynamic environment, meaning that the animal needs to be in foraging mode and
move around. Our experience in lab conditions suggests that a motor involvement
in active searching involving rooting and burying to find an odour source may be
facilitating detection and identification, despite the added olfactory noise coming
from the substrate. Our hypothesis is consistent with data presented by Hall et al.
(2013). We are currently investigating this intriguing hypothesis further. This
factor may also explain the ‘‘field effect’’, that is, the often radical and counter-
intuitive loss of performance in dogs that experience field conditions after labo-
ratory training. Motor integration between basic locomotor functions and olfac-
tomotor functions may be crucial for the system to work efficiently. Therefore,
searching, trailing, and tracking are uncommon areas of research but promising
behaviours to study. This is particularly evident with some of our dogs in the scent
processing program at the Canid Behaviour Research Lab that are trained in the
lab and later transferred to the field. For half of our dogs, at minimum, it is almost
impossible to bring them back to work in lab conditions. They seem to have lost all
motivation for the low stimulation (and contamination) of the laboratory envi-
ronment (it is possible that the absence of cues associated with reward would be
the cause). Alternatively, dogs may simply not be stimulated enough cognitively—
something that we address often with Border collies that seem to need being
constantly challenged. Our discussion of neuroconative processes addresses the
potential reasons behind this phenomenon documented by other teams (e.g., Smith
et al. 2003) that we have labelled ‘‘field effect’’. It is one type of ‘‘motivational
collapse’’ (also our term) that is often reported by dog handlers and trainers
familiar with working dogs.

Searching The first step in localization, before the stimulus is acquired, is to
search. Searching requires the animal to have an identified target, and in applied
settings, it may require the dog to memorize biologically irrelevant stimuli (e.g.,
looking for drugs or explosives). The important dimension of this step is that the
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stimulus has not yet been detected. The early stages of foraging behaviour are
essentially ‘‘searching’’ behaviours.

Trailing Trailing is often defined as searching, at least in the early stages, but
also may suggest that the stimulus is acquired, but not yet localized. In other
words, cues are detected that announce the presence of the target, but the exact
localization or path taken by the target is not yet identified (and may never be).
This process requires significant amount of ‘‘air scenting’’ or sampling the air, as
opposed to ‘‘ground scenting’’ or investigating the ground.

Tracking Tracking is much more specific and there is a consensus on the
definition of the term. In tracking, the target is acquired, and the path taken by the
moving target is also identified and followed (with different levels of spatial
accuracy).

1.3.1.3 The HOW MUCH System

There are at least two situations, natural and artificial, that may require the dog to
assess the quantity of molecules present in the environment. Volatiles will be
distributed according to a specific gradient influenced by contextual conditions
(temperature, humidity, barometric pressure, and most importantly, air movements
such as drafts and wind), not to mention the distance between the dog and the
target (and obviously all this in relation to the actual saliency of the stimulus).
Much of this category is akin to the ‘‘scaling’’ process known in psychophysics.
Training and experimental conditions may require a dog to identify a threshold
and, for instance, give a positive response if the stimulus is above threshold and
give a negative response or no response if the stimulus is below that threshold. An
example would be a dog trained to identify Varroa destructor (parasitic mites) and
Nosema apis (fungus) in beehives. Both are potentially important factors in colony
collapse disorder (CCD). Most beehives in North America are infected with some
level of Varroa and Nosema, but the applied issue would be to train a dog to
identify hives infected beyond a specific threshold, highlighting the need for an
immediate intervention.

Interestingly, it is unclear whether the HOW MUCH system would actually be
able to discriminate within the actual volumetric quantity of a given stimulus (of
biological significance or having a primary incentive value—e.g., food). A study
by Horowitz et al. (2013) suggests that pet dogs may not differentiate between low
and high quantities of food based on olfactory cues alone. It is possible that a larger
differential between small and large amounts would have resulted in more sig-
nificant results (in terms of physical or chemical volatility), or perhaps the dif-
ferential incentive value of the stimuli was minimal enough to keep them
indifferent in their choice of food source.

The HOW MUCH system likely serves a function in processing gradients—in
other words, helping the dog to determine the direction of a source of volatiles.
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This specific question has been discussed in the context of directionality of tracks.
The basic question is as simple as ‘‘Do dogs know if they backtrack or forward-
track a target?’’, and as a corollary, ‘‘Can they make a mistake?’’. It seems logical
that, in order to survive, wolves would have had to ‘‘know’’ where their prey was
going, as backtracking would be counterproductive and maladaptive. A debate has
been ongoing regarding this issue with dogs (Thesen et al. 1993; Steen and Wilson
1990; Wells and Hepper 2003; Hepper and Wells 2005). Interestingly, Wells and
Hepper (2003) found that dogs were not good at ‘‘detecting’’ direction. Only
36.3 % of the dogs studied could do this consistently. Steen and Wilson (1990)
suggested that the training (read ‘‘learning’’ for ethological, non-artificial contexts)
may be of importance in determining if dogs track in the right direction. Thesen
et al. (1993) identified three stages in tracking behaviour: a ‘‘searching’’ phase
(before the stimulus or target is acquired, as described above), a ‘‘deciding’’ phase
(when the dog determines the directionality of the moving target), and a ‘‘track-
ing’’ phase. They also found the dogs to be more accurate and consistent than those
in the study by Wells and Hepper (2003). Note that this literature and perspective
on the HOW MUCH system may link it directly to the WHERE system. It may
even suggest that it is a sub-system of the WHERE system or simply needs to be
fully merged with it.

Most of the traditional fundamental research on canine olfaction and applied
research with sniffer dogs has focused on the WHAT system (e.g., odour dis-
criminations) and the HOW MUCH system focusing on detection thresholds, in
other words, more traditional psychophysics experiments (see Helton 2009a, b and
Lit 2009 for reviews; see also the work of the Auburn University College of
Veterinary Medicine group, e.g., Furton and Myers 2001). Research on tracking
per se is at its infancy, mostly because of the methodological constraints imposed
by moving subjects during searching, trailing, and tracking but also because of the
challenges presented by field work.

1.4 Methodology: Psychophysics, Olfactory Learning,
and Cognition

Section 1.3 presented our three-system perspective on the sensory and cognitive
processes that work in synergy to process information. Now we move on to the
methods to investigate olfactory capacity. Studying olfaction in animals has been a
challenge in that what are salient odours for most non-human mammals (with
exceptions, e.g., cetaceans) are for humans ‘‘invisible’’ and often undetectable
stimuli. Experimental psychology has provided effective tools to study sensory
processes in animals using mostly operant methods (Blough 1966; Blough and
Blough 1977). Quantitative tools in human psychophysics have also contributed to
the application of Signal Detection Theory (SDT) to olfactory stimuli, either in
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detection tasks (one stimulus in a noisy environment) or discrimination and
identification tasks (discriminating between two stimuli). While we are not cov-
ering it here, the basics of SDT for canine olfactory processing are discussed in
Helton (2009a, b). McNicol (2005) is a short yet useful resource to cover the basics
of SDT and MacMillan and Creelman (2005) is a comprehensive resource to cover
advanced applications of SDT. The latter includes its use in designs such as two-
alternative forced choice designs (2AFC) and multiple alternative forced choice
(mAFC), same-different, matching-to-sample, and oddity design (triangular
method) (Lit 2009). Although written with humans and mostly visual stimuli in
mind, olfactory stimuli can be used with these approaches. It is also worth men-
tioning that although SDT is usually used as a parametric tool, a non-parametric
version of SDT also exists (Pastore et al. 2003).

1.4.1 Habituation-Dishabituation

Slotnick and Schellinck (2002) also review methodologies used with rodents,
including an interesting non-operant technique called ‘‘habituation-dishabitua-
tion’’. The method is often used in our lab before training dogs on a specific scent
when we are in the early stages of a project. As habituation (and dishabituation)
are non-associative, ‘‘simple’’ forms of learning, no training is required. We use
this technique to test the ability of dogs to naturally detect two given odours. For
example, in 2009, our laboratory started a project with Parks Canada that required
sniffer dogs to find and potentially track Eastern Ribbon Snakes (Thamnophis
sauritus sauritus), a species-at-risk in Nova Scotia. One of our worries was that
Common Garter Snakes (Thamnophis sirtalis) are very common in the same
habitat and areas where the dogs were going to work. Both species are of the same
genus and to a human nose, smell quite the same. The procedure typically includes
five trials. The first four are the habituation phase, when the dogs are exposed to
the target scent for five minutes. During that time, the duration of sniffing (sniffing
time) is recorded. The dogs are given a break of fifteen minutes between each
exposure. Typically, by trial four, the sniffing time has been reduced dramatically.
On trial five, the new scent (Common Garter Snake) is introduced. This is the
dishabituation phase. If the dogs perceive the smell as different, it is assumed that
the sniffing time will increase dramatically from trial four because of the novelty
of the smell (Gheusi et al. 1997; Vaché et al. 2001). It is expected that the sniffing
time would approach the sniffing time of the first trial. In our case (Gadbois et al.
in prep), all dogs increased their sniffing time significantly, more than doubling the
sniffing time for trial one (see the Fig. 1.1). This can be interpreted as a strong
novelty effect, suggesting dogs can naturally discriminate the two smells. A
control condition—a cotton ball without the smell—is always added within each
trial. This immediate, within-trial control allows the experimenter to determine if
the dog is sensing the target odours.
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1.4.2 Errorless Discrimination Training

Our lab has also worked on adapting Errorless Discrimination Training (EDT)
(Terrace 1963a, 1963b, 1964, 1966) to olfactory discriminations with some success.
Using the same example as above (training the Ribbon Snakes as the S+ or target
scent versus Common Garter Snakes as S- or non-target scent) we use an adaptation
of EDT. Terrace developed the procedure for colour (wavelength) discrimination in
pigeons. As far as we know, EDT has never been applied to scent detection and
discrimination. It differs from traditional discrimination training in a number of ways:

• There is no peak shift: i.e., gradual biases in discriminations away from the
target stimulus do not occur.

• There is a large reduction of errors compared to traditional discrimination
learning (*45 times fewer errors) (Terrace 1963a, b).

• EDT is based on excitatory conditioning only. In other words, mistakes (errors)
are not required for learning. Thus, there are no negative emotions during
training (e.g., frustration, helplessness, stress, anxiety, etc.), so the training does
not become aversive.

In traditional discrimination training methods (TDT henceforth), a target odour
is presented (S+) and a non-target odour is presented (S-). Presentations of S+ and
S- can be simultaneous or sequential. Responses to S+ are always rewarded, at
least initially, and responses to S- are never rewarded. EDT’s procedure is
simpler, yet somewhat counterintuitive for most people familiar with TDT: ini-
tially, only S+ is presented, and a response specific to S+ (e.g., ‘‘sit’’) is rewarded.
Soon after the beginning of the training, S- is presented alongside S+ but in very
low concentrations. The concentration of S- is gradually and slowly increased

Fig. 1.1 Data showing Zyla’s (expert sniffer dog) habituation/dishabituation test comparing
Eastern Ribbon Snake scent to Common Garter Snake scent (Gadbois et al. in prep)
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until it is at the same level as S+. This process is called ‘‘fading-in’’. Theoretically,
dogs learn to ignore S-, and to only responded to S+. As mentioned above, errors
made by animals with this type of training are radically reduced compared to TDT.
The main drawback of this technique is that transfer of learning (during re-
training) may be longer and more difficult for the dog. EDT dogs are more likely to
become a ‘‘one-smell-dog’’ than TDT dogs, but they are very accurate for that one
smell and the learned behaviour is very resistant to extinction.

The problem with EDT is to find a way to deliver the stimuli with a fading-in
procedure in place. Olfactometers could be used, but we decided to explore a
simpler and cheaper method. Our training used the Ribbon Snake odour (S+: a swab
of a live animal). Part of the training takes place with the scent of other snake
species or distractor odours (S-: food, dog smell, Common Garter Snake odour). A
small rectangular aquarium is used to present the odours. Each sample (S+ and S-)
sits at the bottom of the aquarium. Two containers (baby food jars or stainless steel
spice containers) are placed in the aquarium, above water level, one containing the
S+ (Ribbon Snake smell), the other the S- (e.g., Garter Snake smell). The location
(left or right) of the S+ is randomly determined between trials. The Ribbon Snake
sample is placed directly in the well, but the S- smell is contained in an ice cube
that gradually melts, increasing ever so gradually the saliency of the smell. Since
we do not control the presentation of the smell in discrete presentations, the dog is
taken in and out of the testing room. In our case, ice cubes would take between 4
and 5 h to melt completely. Dogs are then invited to visit the experimental room
and are rewarded (e.g. with play, food, or praise) for any attention paid to the S+ and
simply ignored for any time spent sniffing the S-. The saliency of the S- (and the
S+) can be increased towards the end of the exposures or accelerated overall to
reduce the length of the session by using a hot plate or other heating device. The
aquarium has a cover and multiple small holes allowing the scent to diffuse out of it.
Time spent smelling the target side of the box is measured (and as mentioned above,
counterbalanced between trials to avoid lateral preferences and learning) and
rewarded. Within 3 to 5 h (or depending on the volume of the frozen sample), the
dog typically sniffs only the S+ and ignores the S-. This type of learning can be
transferred and generalized to procedures requiring the shaping of a more explicit
response (e.g., nose poking and holding for a few seconds at the target stimulus).
Our experience with this technique so far has been promising, although we often
run into the problem of having a dog perfectly able to distinguish between the S+
and S-, but unable to then quickly learn a desired operant response to signal the
presence of a target (unpublished data).

1.4.3 Line-Ups: Memory Load Issues in Scent Processing

The line-up is another very common method in olfactory discrimination and
identification. It is traditionally used by the police forces and the military and has
become common in many modern applications for training as well as experimental

16 S. Gadbois and C. Reeve

V
e
tB

o
o
k
s
.i
r



and biomedical trials (e.g., cancer detection). For example, Schoon and Haak
(2002) wrote what is often considered the standard for forensic work with canines.
Their use of line-ups in the context of a matching-to-sample problem has many
potential applications. In their case, they describe the training of dogs to match
objects found at a crime scene with a potential perpetrator. At first glance, the
concept seems to make sense as dogs act here as witnesses. Following discussions
with a colleague at Dalhousie University, Dr. John Christie, a cognitive psy-
chologist, we realized that the dogs may be ‘‘expert witnesses’’, but they are not
comparable to expert witnesses participating in a photo or person line-up as they
were not at the crime scene. In other words, we are not testing their memory of a
past event, but we are instead testing their sensory-perceptual matching of the
odour of a person, and the odour of an object with which they were in contact. So
the question then becomes: Why make this task a memory task?

In the early 1970s, a former mentor of one of us (SG), Werner Honig, intro-
duced into animal learning, from human cognitive psychology, the concept of
working memory. Honig was by training a traditional operant conditioning
researcher who edited seminal books in the field (Honig 1966; Honig and Staddon
1977). Growing increasingly dissatisfied with a ‘‘pure’’, traditional approach to
instrumental conditioning, Honig became receptive to the memory literature in
humans and applied many of the theoretical and conceptual foundations of human
cognition to animal learning (he contributed a number of edited books on the topic,
e.g., Honig and James 1971; Hulse et al. 1978; Honig and Fetterman 1992, and
many articles addressing working memory in pigeons: Honig 1978, 1981, 1984).
Although his work was never applied to canines and was largely restricted to
pigeons (a traditional model in classical behaviourism), the concept of working
memory in animals is now largely accepted in animal cognition textbooks. The
basic idea is that information presented to animals may stay in memory for a short
period of time, for the time necessary to complete a task. Working memory, as a
specific type of short term memory, is prone to interference, and tends to fade
rapidly when not in use.

Let us go back to the line-up: Remember that a line-up is a special case of
matching-to-sample—the sample being the ‘‘cue’’ given to the dog, i.e., what to
find. The general procedure in a formal test of ‘‘expert canine testimony’’ would be
to present the dog with the smell of a suspect, or sample (e.g., sweat sample on a
cotton ball) and ask the dog to walk a line-up of containers containing objects, one
of which could be the potential target. Conversely, the object found at the crime
scene could be the sample, and a line-up of sweat samples from different people
(including the suspect) could be available for investigation. Note that the most
standard procedure includes six containers with samples to sniff: one target and
five foils or distractors. The position of the target is typically randomly determined
by throwing a die. Note also that dogs are typically trained to not respond to blank
line-ups, so they should know that a ‘‘no target’’ condition is possible, thus
reducing false alarms. In addition, they should be trained to identify two instances
of the same target in the same line-up to encourage them to complete the sampling
of the line-up even if the target is in an early position.
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The working memory issue is easy to miss. Taking into consideration that the
dog is not an actual witness of a crime trying to remember information about a
crime scene, it is puzzling that we would increase interference with such a pro-
cedure. Added interference comes from the information in working memory after
the inspection of each station containing a sample to inspect. Since this is done
sequentially in one scan of all six containers, you can imagine that by the time the
dog inspects the fifth and sixth samples, it may not remember the characteristics of
the cue or initial sample.

We decided to put this hypothesis to the test with a mini-experiment with two
dogs that were considered experts at line-ups and were of equal overall perfor-
mance (80–100 %, averaging 90 %). Dogs were trained on diluted essential oils
and in this case, we identified a specific target (lavender oil) to find in the line-up.
We measured the accuracy of the dogs based on the position of the target in the
line-up. The position of the target was randomly determined by throwing a die
over 200 trials. As expected, if the target was early or close in the line-up
(positions 1 and 2), accuracy was high ([90 %). But if the target was late or far in
the line-up (positions 5 and 6), accuracy dropped significantly (\40 %)
(Table 1.3). To go back to the forensic example with canine ‘‘expert witnesses’’,
imagine now that the target associated with a perpetrator has been randomly
assigned to position 6. The dogs have less than a 15 % chance of making an
accurate match. Note also that we are not working with degraded stimuli. In fact,
even if significantly diluted, essential oils are so strong and salient that we stopped
using them a few years ago in favour of tea and other infusions in the early training
phases of detection-, discrimination, or matching dogs.

After realizing this pattern was common when using line-ups, and since we are
not interested in mnemonic performance but rather psychophysical accuracy at the
sensory and perceptual level, we started using simpler tasks with a reduced number
of potential choices. Simplicity is our best ally in those situations. If possible,
using simple designs and procedures (e.g., go/no-go, a single-scent task, or 2AFC
or 3AFC if more than one operant response is necessary) is preferable. In other
words, as discussed in Lit (2009), reducing the cognitive demand of the task will
accelerate learning and likely increase performance. By analogy, in the case of the
line-up, making sure that the matching-to-sample is simultaneous (i.e., the options
are made available immediately, as opposed to a delayed matching-to-sample),
and a small number of options is offered, would help performance. In other words,
the spatial and temporal contiguities should be such that the task does not tax
memory processing resources, but only sensory-perceptual processing resources.

Table 1.3 Sequential position of target and performance of two expert detection dogs in a line-
up procedure

Position 1 Position 2 Position 3 Position 4 Position 5 Position 6

Dog 1 97.7 % 93.7 % 90.6 % 82.7 % 28.5 % 10.5 %
Dog 2 97.7 % 90.6 % 93.7 % 79.3 % 35.7 % 13.1 %
# trials 45 32 32 29 28 38
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1.4.4 Remote Scenting: Attentional Load Issues
in Scent Processing

Sometimes the presence of the dog ‘‘on site’’, especially in applied settings, is not
desirable or even safe. Field conditions are sometimes too hazardous for the dogs
to be present (land mine detection dogs can get injured or killed in the field),
sample collection of rare species sign with wildlife conservation canines may be
infrequent and occur over large expanses of terrain or in remote and difficult to
access areas (collecting scats and identifying potential latrine sites for Eastern
Cougars), or the dog is simply not able to easily work on premises (e.g., in clinics
and hospitals for diagnostic detection or in interactions with patients). In those
examples, practical reasons would normally exclude dogs from being part of the
detection, searching, tracking, etc. Remote-scenting protocols were developed
with these cases in mind, and an important historical first case was the develop-
ment of Remote Explosive Scent Tracing (REST) with land mine detection in
mind (Fjellanger et al. 2002; McLean et al. 2003; see Helton 2009a, b for a short
review). One other clear advantage of this method addresses the issue of attention
and an attempt with remote scenting to reduce attention demands by having the
dogs work in controlled, consistent, and familiar indoor conditions. Microclimatic
and micrometeorological conditions (temperature, humidity, air movements) can
be controlled and delivery methods can be designed to optimize scent perception.

1.4.5 Ethological Approaches and Future Lines
of Investigation

The study of canine olfactory psychophysics and learning has certainly benefited
from the tradition of behaviourism and behaviour analysis, including applied
behaviour analysis. Indeed, applied research with sniffer dogs seems to be the main
impetus for funding and research opportunities in olfactory cognition, especially if
an experimental approach is favoured. Unfortunately, there is an immense gap in
the study of olfaction in canines: The true ethological field approach when looking
into mid- to long-range tracking and trailing processes. Potential approaches to this
may include the use of optical tracking methods (as used in path integration in
canines by Séguinot et al. 1998) and GPS/GIS technology, when the technology
becomes less expensive and more accessible.

A clear understanding and deep knowledge of animal learning and cognition is
without a doubt useful to the development of experimental programs seeking to
understand the fundamental and applied dimensions of canine olfaction.
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1.5 Medical Detection and Assistance Canines: Cancer,
Diabetes, and Epilepsy

The challenges of applied research are numerous. Although not our primary
applied research area, we will present a quick review of a fascinating emergent
area of biomedical research involving the training of dogs for detection of and
assistance for medical problems.

The relationship between owner and pet can be a very fulfilling and rewarding
experience. Recent advances in the field of health research suggest that dogs may
soon be more than just our pets and that the nature of our relationship with them
could change drastically.

1.5.1 Cancer Detection

The first evidence of a dog’s ability to detect disease came from the well-known
report by Williams and Pembroke (1989) in the Lancet, in which a woman sought
medical attention after her dog persistently sniffed a mole on her leg. Upon clinical
examination, the spot was discovered to be malignant melanoma. What was it the
dog smelled that interested it so much? Advances in technology suggest that
diseases such as cancer likely have a ‘‘signature scent’’, characterized by the
volatile organic compounds (VOCs) being released (Szulejko et al. 2010).

In the 1970s, Linus Pauling et al. (1971) found 200 VOCs in exhaled human
breath. Since then, more than 3400 VOCs have been documented in human breath
(Phillips et al. 1999). VOCs released in the breath, urine, and tissues may provide a
window into biological processes, with certain biological markers indicating
specific medical conditions (Bijland et al. 2013; Buszewski et al. 2012; Miekish
et al. 2004; Szulejko et al. 2010).

In 1999, Phillips et al. obtained breath samples from 50 healthy individuals and
analyzed the biological components of the samples using an analytical technique
called Gas Chromatography—Mass Spectrometry. The analysis revealed a total of
over 3400 different VOCs. Importantly though, each individual breath sample was
found to have an average of 204.2 VOCs, and only 27 VOCs were found to be
present in every sample. This demonstrates a huge level of variability between
individuals’ breath samples. Such variation is likely due to differences in diet,
drugs, medication, metabolism, and health status, to name a few factors (Phillips
et al. 1999).

Can dogs detect differences in the VOCs being emitted by their owners? Can
they even smell the VOCs? Evidence would suggest that this is the case. The
burgeoning science of canine olfaction has elucidated just how sensitive the nose
of a dog is. For example, using an olfactometer, Waggoner et al. (1998) showed
that dogs were able to detect a target odour present in one part per billion in the
presence of a distracting odour at a concentration of twenty parts per million, and
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Pearsall and Verbruggen (1982) reported that dogs can smell some odours at one
part per trillion.

The ability of dogs to sniff out melanoma was empirically tested by Pickel et al.
(2004). Using two well-trained dogs, one of which was experienced in cancer
detection, Pickel et al. first confirmed the dogs’ ability to detect melanoma tissue
using a variety of search tasks. Researchers then placed between 8 and 30 adhesive
bandages on human participants, one of which covered the site of the cancerous
tissue. The first dog successfully identified the correct bandage on 6 out of 7
patients, while the second dog was successful in sniffing out melanoma on 3 out of
4 patients.

Horvath et al. (2008) showed that a naive Riesenschnauzer (neither the dog’s
previous level of training, or experience in olfactory detection was men-
tioned) was able to detect ovarian cancer from cancerous ovary tissues with 100 %
sensitivity and 97.5 % specificity. Moreover, control tissues in this study included
abdominal fat, muscle, small bowel tissue, healthy postmenopausal ovarian tissue,
and some tissues from an area just adjacent to the tumor. Given the impressive
results, this study serves as excellent evidence that cancerous cells have a distinct
odor that is reportedly detectable by dogs.

Detection of cancer in urine and fecal samples has yielded more conflicting
results. Willis et al. (2004) reported that after a seven month training period, dogs
with no prior experience could detect bladder cancer in urine samples at 41 %
accuracy (as compared to 14 % expected by chance). Using urine samples to test
dogs’ ability to detect breast or prostate cancer, Gordon et al. (2008) had ten dogs
trained by professional dog trainers. The reported successful detection rate for
breast cancer was 22 % and only 18 % for prostate cancer.

More promisingly, Cornu et al. (2011) were able to train a Belgian Malinois
with no prior experience to detect prostate cancer from urine samples with a
sensitivity and specificity of 91 % in a period of 24 months. Furthermore, Sonoda
et al. (2011) tested a trained cancer-detection Labrador retriever’s ability to detect
colorectal cancer in both breath and watery stool samples from patients with
different stages of colorectal cancer. Control samples were obtained from patients
with other colorectal conditions such as chronic inflammatory disease and various
forms of colitis. The dog was able to detect colorectal cancer in the breath samples
with 91 % sensitivity and 99 % specificity, and in the watery stool samples with
97 % sensitivity and 99 % specificity.

Still, based on the available literature, it would appear that testing the detection
of cancer by dogs is more consistently successful with the use of breath samples.
McCulloch et al. (2006) used a three-phase training program that spanned only a
couple of weeks to train naive sniffing dogs to detect lung and breast cancer from
breath samples. Testing revealed the dogs’ ability to detect breast cancer with a
specificity of 98 and 88 % sensitivity, and lung cancer with 99 % specificity and
sensitivity.

Ehmann et al. (2012) had four family dogs trained by professional dog trainers
to detect lung cancer from breath samples (no mention of length of training). In
this study, sample controls were from patients with a non-malignant lung disease.
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Here, dogs were reported to successfully detect lung cancer at a sensitivity of 72 %
and specificity of 94 %.

Empirical studies of the ability of dogs to detect cancer are still in their infancy.
Inconsistent findings are likely the result of differing training programs and sample
collection techniques (Moser and McCulloch 2010), as well as breed-specific
behavioural profiles as suggested by our dopamine hypothesis (Sect. 1.2). How-
ever, given the reported ability of dogs to successfully detect cancer despite
potential confounds and biologically comparable control stimuli (Ehmann et al.
2012; Horvath et al. 2008), these studies provide an extremely promising and
intriguing area of study that warrants much further investigation.

1.5.2 Diabetes Detection

Anecdotal evidence suggests that dogs (and cats) may be able to prevent health
complications in individuals with insulin-dependent diabetes by signaling
impending hypoglycemic events in their owners (Chen et al. 2000; Wells et al.
2008, 2011). In a series of case studies, anecdotal evidence from individuals with
diabetes suggests that their dogs were aware of fluctuations in their blood sugar
levels before they experienced symptoms. Furthermore, some dogs woke owners
during the night, and one even signaled through a closed bedroom door (Chen
et al. 2000).

Although there are companies claiming to train hypoglycemia detection dogs
(e.g., CARES, Canine Assistance Rehabilitation Education and Services), there are
currently no empirical studies confirming this ability in dogs, and there is only
speculation as to what the dog is detecting before a hypoglycemic event.
Researchers hypothesize dogs may be using olfactory cues such as a change in the
chemical composition of their owners’ sweat (sweating is a common symptom of
hypoglycemia), or that signaling dogs are acutely aware of the behavioural
changes accompanying hypoglycemia in their owners (Wells et al. 2008).

In an attempt to elucidate the mechanism with which dogs may detect hypo-
glycemia, our Canid Behaviour Research Team at Dalhousie University has
teamed-up with colleagues at the IWK Health Centre in Halifax, Drs. Elizabeth
Cummings and Elizabeth McLaughlin. We began in early 2013 a series of projects
to examine potential biochemical routes of detection. Our dogs are selected based
on motivation levels and their performance in detecting low-saliency stimuli.
Those dogs that are selected are tested on their ability to detect glycemic changes
in breath, sweat, and saliva samples from individuals with Type 1 diabetes. The
dogs are presented with a forced choice task that requires them to match hypo-
glycemic samples with hypoglycemic samples, in the presence of normoglycemic
samples from the same individual. Successful matching would indicate the dog’s
ability to discriminate between glycemic levels from samples in vitro, in the
absence of the actual patient. Although the project is still very young, preliminary
results are inconclusive. In the future, we would like to test the hypothesis that

22 S. Gadbois and C. Reeve

V
e
tB

o
o
k
s
.i
r



what dogs may be detecting in their owner is actually a myriad of physiological
and behavioural changes, therefore detection would only be possible in vivo. If this
is found to be the case, we would also like to test the idea that hypoglycemia-
detection dogs are responding to a generalized stress response. Anecdotal evidence
may suggest that trained hypoglycemia detection dogs respond to a variety of
biologically stressful events (e.g., asthma attack) in their owners and others and
this may be an indication that physiological stress markers (e.g., increase in
adrenalin, cortisol levels, etc.) may be detected, and not glycemic VOCs per se
(e.g., personal communication, Sarah Holbert of CARES, March 2013).

1.5.3 Seizure Alert Dogs

Until recently, only anecdotal reports of dogs signalling oncoming seizures in their
owners existed. However, recent empirical evidence has shown that dogs can
indeed detect seizures and can be trained to do so reliably (Kirton et al. 2008, and
for reviews see Brown and Goldstein 2011; Dalziel et al. 2003).

Strong et al. (1999) successfully trained six dogs to anticipate and signal an
impending seizure in a family member. Following a training period of six months,
the dogs learned to associate seizures with pleasurable events and consistently
signalled 15–45 min before a seizure. An unexpected result was that owners
reported a reduction in the frequency of seizures. Therefore, in 2002, Strong et al.
examined this directly by following epileptic patients 24 weeks after acquiring a
trained seizure detection dog. As reported by patients in the 1999 study, a
reduction in the frequency of seizures in almost all patients was observed (9 out of
10 patients, mean reduction of 43 %). Given that seizures are often preceded by
anxiety (Betts 1981) and that owners of seizure detection dogs have reported
increases in well-being (Kersting et al. 2009), it is possible that owning a trained
seizure detection dog provides feelings of comfort and safety (as discussed above),
thereby reducing anxiety and as a result, seizure frequency.

As with hypoglycemia detection dogs, it is not known what signals from the
owner alert the dog before a seizure. However, in this case, researchers appear
confident that trained dogs are recognizing and responding to minute changes in
the behaviour of their owner (Brown and Strong 2001), but detection of physio-
logical changes cannot be ruled out without further investigation (Wells 2007).

1.5.4 Where to Go From Here?

Canine detection of disease and the use of dogs as assistance dogs is an extremely
intriguing field. Evidence suggests that dogs can be trained to detect different
forms of cancer using olfactory cues from multiple biological channels. Testing
the VOCs in human biological samples provides an interesting alternative to
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current screening methods for cancer. Depending on the cancer being tested for,
current screening techniques can be expensive, inaccurate, increase exposure to
radiation, and can result in unnecessary biopsies (Jett 2005; Gotzche and Nielsen
2006). The ability of dogs to detect impending hypoglycemic events in diabetic
owners is a phenomenon that merits further study. Based on the successful training
of seizure detection dogs, there is reason to believe that the validity of hypogly-
cemia-detection dogs may be empirically confirmed in the near future. Taken
together, the literature presented here suggests that in the future we will see dogs
not only as human’s best friend, but as our partners in health care, providing
detection of, assistance for, and treatment of disease.

1.6 Human-Canine Sensory Symbiosis and Appeal
for a Renewed (Situated) Science of Canine Olfaction

Much of our applied work at the Canid Behaviour Research Lab at Dalhousie
University is based on wild canid research and the use of sniffer dogs as ‘‘wildlife
conservation canines’’, helping us find our target species (e.g., coyotes, various
species-at-risk, or invasive species) in unobtrusive and non-invasive ways.
Although one of us (SG) has been using dogs in this capacity since the early 1990s,
it was not until a student (Flannery and Gadbois, unpublished manuscript) decided
to write a literature review on the topic that we realized the potential of this
association between humans as field researchers and dogs as research assistants.
As Hewes (1994) discusses, the symbiosis between humans and wolves or early
dogs may have been a question of survival, and the complementarity of our sen-
sory ecologies—visual humans, olfactory wolves—may have been the start of a
remarkable (mutualistic) symbiosis. This never became more obvious to me than
when a few years ago, in the scenic and majestic scenery of the Cape Breton
Highlands in Nova Scotia, we were looking for a pack of coyotes and a suspected
moose carcass site. Our sniffer dog Zyla was air scenting to localize the coyotes,
pulling in one direction, and ravens were converging in a slightly different
direction (towards, we realized later, the moose carcass). I could not stop thinking
about how this all made sense. Early humans would have relied on scavengers and
predators to locate food, and would have quickly realized that the keen sense of
smell of wolves was an asset.

As suggested and highlighted in our discussion of the biomedical (and com-
panionship, when assistance complements the detection work) applications of
canine olfaction, we are only at the beginning of the realization of the amazing
potential this partnership can offer.
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Chapter 2
Dog Breeds and Their Behavior

James A. Serpell and Deborah L. Duffy

Abstract Domestic dogs display an extraordinary level of phenotypic diversity in
morphology and behavior. Furthermore, due to breeding practices introduced
during the nineteenth century, these phenotypic traits have become relatively
‘fixed’ within breeds, allowing biologists to obtain unique insights regarding the
genetic bases of behavioral diversity, and the effects of domestication and artificial
selection on temperament. Here we explore differences in behavior among the 30
most popular dog breeds registered with the American Kennel Club based on
owner responses to a standardized and validated behavioral questionnaire (C-
BARQ�). The findings indicate that some breed-associated temperament traits
(e.g. fear/anxiety) may be linked to specific gene mutations, while others may
represent more general behavioral legacies of ‘ancient’ ancestry, physical defor-
mity, and/or human selection for specific functional abilities. They also suggest
that previous efforts to relate dog breed popularity to behavior may have failed due
to the confounding effects of body size.

2.1 Introduction

Despite much speculation, and an ongoing supply of somewhat contradictory
molecular and archaeological discoveries, it is still not known precisely where or
when the dog (Canis familiaris) was first domesticated. Based on available evi-
dence it seems likely that domestication had occurred by around 15,000 years ago,
but it remains unclear where it happened and whether it was a single, isolated
event or the result of multiple domestications in different parts of Europe and Asia
(Larson et al. 2012; Thalman et al. 2013). Regardless of location and timing,
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however, it is likely that the process of domestication occurred in stages. Since the
grey wolf (Canis lupus)—the putative ancestor—is typically more fearful or
neophobic and potentially more aggressive towards humans than most dogs, the
first stage in the process probably involved relatively intense selection for
‘tameness’ or docility (Coppinger and Schneider 1995). In a related canid, the
domesticated silver fox (Vulpes vulpes), deliberate, experimental selection for
tameness resulted within a few generations in dramatic reductions in human-
directed fearfulness and aggression and increases in prosocial behavior, as well as
a wide variety of correlated changes in physiology and morphology (Trut et al.
2009). It seems reasonable to postulate that early semi-domesticated wolves/dogs
went through a similar process, and came out the other side of it looking and
behaving quite different from the ancestral species (Coppinger and Schneider
1995). This new animal, the domestic dog, then experienced thousands of years of
unprecedented diversification.

One of the unique things about dogs that distinguishes them from all other
domestic animals is that they are, above all, products of human selection for
behavior. The majority of domestic species—cows, sheep, pigs, chickens, and so
on—are largely the consequence of selection for production-related traits, such as
growth rates, feed conversion, muscle and/or fat mass, egg production, fur or hair
quality, etc.1 In contrast, dogs have traditionally been valued for their ability to
perform an extraordinary variety of working and social roles, including that of
security guards, hunting aides, beasts of burden, weapons of war, entertainers,
fighters, shepherds, guides, garbage disposers, and pets, to name just a few. Thus,
when we look at dogs as a whole, we see a species that has undergone a
remarkably rapid adaptive radiation into a capricious ecological niche defined by
the diverse instrumental and social demands of human beings. This history of
adaptive radiation is to some extent still preserved in the genomes of what we now
call ‘breeds’ of dog (Boyko et al. 2010), although the term itself is problematical
and tends to mean different things to different people.

2.2 What is a Breed?

The domestic dog currently comprises a bewildering variety of different breeds—
more than 400 according to some accounts—that differ dramatically in physical
appearance and behavior. Judging from archaeological discoveries, early artistic
representations and various written accounts, recognizable types of dogs—sight
hounds, mastiffs, scent hounds, spaniels, terriers, lapdogs, and so on—have existed
since ancient times (Clutton-Brock 1995). Most of these early dog types

1 Although dogs have also been employed, from time to time, as food items or as a source of
fiber, such uses were relatively limited and localized, and most of the types of dog developed for
such purposes are now extinct (Serpell 1995).
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represented natural breeds or landraces that evolved as a consequence of geo-
graphic isolation, random genetic processes such as ‘founder effect’ and ‘drift’,
and local adaptation to both natural and artificial (human) selection. In general, the
distinctive physical and behavioral characteristics of these natural breeds reflected
their various functions within the human cultures in which they evolved. Most
early accounts of dog breeds categorized them according to the various jobs they
performed (Sampson and Binns 2006; Young and Bannasch 2006) and this system
of classification according to ‘function’ is still retained by modern kennel clubs.
The American Kennel Club’s current breed group classification into sporting,
hound, working, terrier, toy, non-sporting, herding, and miscellaneous groups
provides an obvious example.

Paleolithic and Neolithic humans may have had aesthetic preferences regarding
the appearance of their dogs, but it is safe to assume that they were primarily
concerned with the whole package of traits. In other words, they were seeking an
animal that displayed the appropriate behavior—for herding sheep, protecting
property, chasing hares, or whatever the task—while also possessing the right
physical attributes, be it size, speed, visual acuity, coat length and quality, and so
on, to enable it to perform these tasks well. In the sense that individual dogs were
probably favored with extra food or access to mates when they did their jobs
effectively, and were abandoned, traded or culled when they did not, these early
‘breeds’ were certainly products of human selection, but the process was largely
unconscious rather than goal-directed, and little effort would have been made to
prevent these animals from mating with whomever they chose. This somewhat
haphazard approach eventually gave rise to the so-called ‘foundation’ breeds from
which contemporary dogs are all ultimately derived.

Modern ‘purebred’ dogs are an entirely different story. In current dog breeding
circles, the term ‘‘breed’’ refers to a population of closely related animals of similar
appearance that is bred and maintained from a known foundation stock through
genetic isolation and deliberate selection. For any modern dog to be successfully
registered as purebred, both its parents and grandparents must also have been
registered members of the same breed, which means that essentially all modern dog
breeds are closed breeding populations (Ostrander 2007). The idea of ‘fixing’ the
characteristics of dog varieties by genetic isolation and inbreeding is less than
200 years old, having originated from the hobby breeding of prize-winning poultry
and livestock in England during the middle of the nineteenth century (Ritvo 1987).
In some cases, it is claimed that modern purebred dogs are direct descendants of
ancient or foundational stock but usually the genetic evidence for continuity is
shaky at best (Larson et al. 2012). In reality, the lines of descent between modern
and ancestral breeds have been thoroughly obscured by the effects of arbitrary
selection for unusual or extreme aspects of physical appearance combined with
deliberate hybridization between existing breed types to produce new, true-
breeding strains that combine the attributes of the parental lines.

Despite this uncertainty, the remarkable phenotypic variation among modern
dog breeds and their effective ‘fixation’ though genetic isolation presents biolo-
gists with a unique opportunity to explore both the genetic bases of canine
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temperament and the impact of domestication and artificial selection on the evo-
lution of behavior (Ostrander and Galibert 2006). Breed differences in behavior
and temperament are also relevant to prospective dog owners who may wish to
acquire an animal that is likely to be compatible with their own personalities and
lifestyles.

2.3 Measuring Breed Differences in Behavior

When discussing breed differences in behavior, it is helpful to distinguish between
breed-specific behavior patterns, such as the retriever’s love of water, the pointer’s
‘point’, or the Border collie’s tendency to show ‘eye’, and more general breed
differences in personality or temperament. The former are often viewed as unique
or defining characteristics of particular breeds while the latter are considered
aspects of each breed’s overall character or behavioral ‘style’, and are often
alluded to in the written standards for the breed. For example, the AKC temper-
ament standard for the Belgian malinois states that this breed is, ‘‘confident,
exhibiting neither shyness nor aggressiveness in new situations,’’ is ‘‘reserved with
strangers but is affectionate with his own people,’’ is ‘‘naturally protective of his
owner’s person and property without being overly aggressive,’’ and ‘‘possesses a
strong desire to work and is quick and responsive to commands from his owner.’’

A variety of techniques have been used to measure these more general kinds of
breed differences in behavior in dogs, including standardized behavioral tests
(Scott and Fuller 1965; Svartberg and Forkman 2002; Svartberg 2006), expert
opinions (Bradshaw and Goodwin 1998; Hart and Hart 1985; Hart and Miller
1985; Takeuchi and Mori 2006), and questionnaire surveys of dog owners and
handlers (Duffy et al. 2008; Ley et al. 2009; Serpell and Hsu 2005; Turcsán et al.
2011). There are benefits and disadvantages to each of these approaches.

In theory, standardized behavioral tests ought to provide the most objective
behavioral evaluations since they are based on direct observations of actual
behavior. On the other hand, such tests are relatively laborious and time-con-
suming to conduct and, unless they are performed repeatedly on each dog over an
extended period, the results are likely to be strongly influenced by the animal’s
emotional and motivational state at the time of testing (Serpell and Hsu 2001). In
their pioneering early work, Scott and Fuller (1965) used a combination of
behavioral observations and ‘performance tests’ to investigate the genetic basis for
behavioral differences among five different dog breeds: basenjis, beagles, cocker
spaniels, Shetland sheepdogs and wire-haired fox terriers. Puppies from each of
these breeds were reared in identical conditions in order to reduce environmental
influences on their behavioral development. Their performance was then evaluated
at various ages on a series of standardized tests designed to measure such traits as
overall emotional reactivity, response to handling and leash restraint, problem
solving ability, trainability, aggressiveness, and tendency to bark. Analysis of
variance by individual, litter and breed indicated strong and statistically significant
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effects of breed on the expression of many of these traits. Scott and Fuller then
carried out hybridization experiments using some of these breeds, such as basenjis
and cocker spaniels, to produce F1 and F2 hybrids and backcrosses to each of the
parent strains. Given the basic rules of Mendelian inheritance, the ways in which
the different traits segregated out in these hybrid generations then provided clues to
their genetic origins. For example, they found that the hybrid puppies’ responses to
approach and handling by a stranger (a trait the authors labeled ‘tameness’) were
consistent with the actions of a single dominant gene for wildness in basenjis and a
corresponding recessive gene for tameness in cocker spaniels. Other traits, such as
problem-solving ability, were far more complex, however, and did not reveal any
clear patterns of genetic inheritance (Scott and Fuller 1965).

Svartberg (2006) studied behavioral differences in 31 breeds of dogs subjected to
a standardized test known as the Dog Mentality Assessment (DMA) that comprises
10 subtests and measures four distinct canine ‘personality’ traits: playfulness,
curiosity/fearlessness, sociability, and aggressiveness. He found statistically sig-
nificant breed differences in all of these traits, although, surprisingly, none of these
differences were related to the breeds’ original functional roles based on breed
groupings (e.g. herding dogs, working dogs, terriers, and gun dogs). More recently,
across-breed, genome-wide association (GWAS) studies have had some success
identifying chromosome regions and possible candidate genes associated with
canine personality traits such as boldness (Jones et al. 2008; Vaysse et al. 2011).

Hart and Hart (1985) pioneered the use of expert opinion as a technique for
characterizing breed differences in behavior in dogs. In this method, canine
‘experts’ (e.g. obedience judges and veterinarians) are asked to rank a random
subset of seven common breeds on 13 separate behavioral characteristics judged to
be important to a majority of dog owners: e.g. watchdog barking, snapping at
children, obedience training, destructiveness, excitability, etc. The respondents’
rankings are then converted into deciles, each containing five or six breeds, with
the highest decile representing the most extreme expression of the behavior.
Analysis of variance subsequently determined that each of the traits could be used
to discriminate between breeds, although some did so more reliably than others.
Other researchers have since applied the same technique to examine breed dif-
ferences in other countries, and have tended to find similar rankings for the same
breeds (Bradshaw and Goodwin 1998; Notari and Goodwin 2007; Takeuchi and
Mori 2006). It remains unclear, however, whether agreements among experts,
either within or between countries, reflect true differences in breed behavior or
shared opinions based on breed stereotypes (Duffy et al. 2008).

An alternative to canvassing the views of experts is to ask dog owners to
provide personality or behavioral assessments of their dogs, and then use these
assessments to investigate differences among breeds. While potentially more
subjective than direct observations of behavior, such assessments are arguably less
susceptible to cultural stereotypes than expert opinions, and, if large sample sizes
are used, the effects of individual subjective biases can be greatly reduced (Jones
and Gosling 2005). Such surveys can be divided into those that focus on relatively
broad, overarching personality dimensions such as boldness, sociability, or
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extraversion, and those that have investigated more specific phenotypic traits such
trainability or particular types of aggression.

Ley et al. (2009) used the Monash Canine Personality Questionnaire (MCPQ)
to explore breed differences in a sample of 455 Australian dogs. The MCPQ
comprises a series of 41 descriptive adjectives that loaded on five personality
subscales when subjected to factor analysis (extroversion, motivation, training
focus, amicability, and neuroticism). Although not able to compare individual
breeds due to small sample sizes, they investigated personality differences across
the seven breed groups recognized by the Australian National Kennel Club. Rel-
atively few significant differences were identified: working dogs and terriers were
rated as significantly more extroverted, and toy breeds less extroverted. Working
dogs and gundogs were rated significant higher for training focus, while toys and
hounds were rated as lower for this subscale. The authors also noted that dogs’
scores on the neuroticism subscale (a measure of fear and anxiety) correlated
negatively with weight and height, while scores on amicability (a measure of
sociability) correlated positively with weight and height.

In another study, Turcsán et al. (2011) invited the owners of 5733 dogs
belonging to 98 breeds to rate their dogs on four broad personality traits: Train-
ability, boldness, calmness, and dog sociability. The results were then used to
compare breeds belonging to the conventional breed groups recognized by the
AKC (functional classification) and those identified as being more closely related
according to genetic analyses (Parker et al. 2004). Significant breed differences in
the four personality factors were observed. The results also indicated that dogs
belonging to herding breeds tended to be significantly more trainable than hounds,
working dogs, toys, and non-sporting breeds, and sporting breeds were more
trainable than non-sporting ones. Terriers also scored higher for boldness than
hounds or herding dogs. Neither the calmness nor dog sociability traits were able
to discriminate reliably between breed groups. With respect to the five clusters of
breeds identified as genetically related, the so-called ‘ancient breeds’ cluster was
found to be less trainable than the herding/sighthound cluster, and dog breeds in
the mastiff/terrier cluster scored higher for boldness than those in either the ancient
breed, herding/sighthound, or hunting clusters. Again, calmness and dog socia-
bility failed to discriminate between the clusters. The authors interpreted these
results as indicating that some traits such as trainability and boldness are partly
determined by genetic factors and by different histories of human selection for
these functional traits. The distributions of the other two personality traits seemed
to bear no relation to either functional or genetic breed classifications.

Three previous studies have used the Canine Behavioral Assessment and
Research Questionnaire (C-BARQ) to investigate breed differences in behavior.
(See below for further elaboration of this method.) Serpell and Hsu (2005) invited
the owners of 1563 dogs belonging to 11 common breeds to assess them on the
trainability factor of the C-BARQ. Highly significant breed differences in train-
ability were detected. In two breeds with distinct field and show-bred lines, show-
bred dogs obtained significantly lower trainability scores. In general, sporting dog
and working dog breeds (English springer spaniel, golden retriever, Labrador
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retriever, poodle, rottweiler, and Shetland sheepdog) tended to obtain high scores
for this factor while hounds (basset hound and dachshund), terriers (West Highland
white terriers, and Yorkshire terriers), and the Siberian husky obtained low scores.
The authors argued that these results were consistent with the differential effects of
human selection for social cognitive skills in particular breeds, and lines within
breeds, that historically tended to work in close partnership with people.

In a second study, Duffy et al. (2008) surveyed two separate samples of owners
(1,521 breed club members and 3,791 pet owners) of 33 breeds of dog on the four
aggression factors of the C-BARQ, and again found highly significant breed dif-
ferences in behavior. Breeds that were common to both samples also ranked
similarly on three of the four aggression factors. Small breeds, such as dachshunds,
Chihuahuas and Jack Russell terriers, tended to obtain high scores on all or most
aggression factors, while other breeds only displayed higher than average scores in
specific contexts (e.g. dog-directed aggression in akitas and pit bulls). The authors
concluded that aggression in small breed dogs was motivated primarily by fear,
due to their greater vulnerability, and that owners of such breeds were also more
tolerant of aggression due to the relatively limited risks of severe bites. In contrast,
other breeds showed evidence of differential human selection for aggressive
responses in specific contexts. The study also detected higher rates of owner-
directed aggression in show-bred lines of English springer spaniels compared with
field-bred dogs, and the reverse pattern for Labrador retrievers, a result the authors
attributed to different popular sire effects in the two breeds.

More recently, McGreevy et al. (2013) explored the relationship between
average C-BARQ factor and item scores and skull shape (cephalic index), body
weight, and body size in a sample of 8,301 dogs belonging to 49 different breeds. A
highly significant inverse relationship was detected between breed-specific body
height and a large number of problematic behaviors including a range of fear/
anxiety-related behaviors, owner-directed aggression, attachment and attention-
seeking, and house-soiling when left alone. Body weight also correlated inversely
with excitability and hyperactivity. These findings suggested that, across breeds,
behavior tends to become more problematic as size decreases. The study also found
that brachycephalic breeds tended to obtain lower scores for predatory chasing.

2.4 Current Study

As well as varying greatly in size, shape, and behavior, dog breeds also differ in
popularity, with some breeds (e.g. Labrador retriever) maintaining rather consis-
tent levels of popularity over time while others (e.g. Irish setter) have been subject
to relatively sudden and rapid fluctuations in popularity (Herzog 2006). One
possible explanation for this variation in dog breed popularity is that some breeds
possess temperament traits that render them functionally better at serving as pets
than others. In a recent study, Ghirlanda et al. (2013) used C-BARQ comparisons
to test this hypothesis on a selection of 80 breeds of known popularity, but failed to
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detect any association with breed behavioral characteristics. In the current study
we use breed-specific C-BARQ data to re-examine this possible relationship by
focusing on the behavioral traits of the 30 most popular breeds currently registered
by the American Kennel Club (AKC).

2.4.1 Methods

2.4.1.1 The Sample

Table 2.1 provides the characteristics of the sample of breeds included in the
present analysis. It consists of the 30 most popular breeds registered by the
American Kennel Club (AKC), including both standard and miniature or toy-size
variants of two breeds: the dachshund and poodle. It should be noted that, while
there are no significant differences in sex ratio between the breeds sampled, breeds
do differ significantly in terms of age and percent neutered. The values of N for
each breed reflect the numbers available in the C-BARQ database at the time of
sampling. The online version of the C-BARQ (http://www.cbarq.org) has been
freely available to dog owners since it was created in 2006. Although initially
publicized via notices sent to Philadelphia area veterinary clinics and the top 20
USA breed clubs (based on AKC registrations), the availability of the survey
subsequently spread by word of mouth. The current sample of owner reports is
therefore self-selected. While this may be considered a potential source of bias in
the data, there is no a priori reason to believe that such biases would affect
different breeds unequally.

2.4.1.2 About the C-BARQ

The ‘gold standard’ of behavioral measurement is the direct, unmediated obser-
vation and recording of all instances of an animal’s behavior over time (Martin and
Bateson 1993). However, because most dogs in developed countries live inside
people’s homes where it is impractical to observe them for extended periods, it is
sometimes necessary to develop different kinds of measurement techniques in
order to study their behavior. The Canine Behavioral Assessment and Research
Questionnaire (C-BARQ) is one such technique that relies on measurement by
proxy (Hsu and Serpell 2003). In other words, instead of observing and measuring
the animal’s behavior directly, the C-BARQ records indirect behavioral infor-
mation provided by the dog’s owner, guardian, or handler. This approach relies on
two important assumptions: first, that the dog’s owner (or handler) knows more
about its typical behavior than anybody else does, and second, that this knowledge
of the dog’s typical behavior can be extracted from the person in a form that is
quantitative, reliable, and reasonably accurate. The first of these assumptions
seems intuitively reasonable given that the owner lives with the dog most of the
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time and is likely to have observed its reactions and behavior across a wide range
every day circumstances. The second assumption is more speculative and requires
empirical verification.

The C-BARQ currently consists of 100 questionnaire items that ask respondents
to use a series of five point ordinal rating scales (from 0 to 4) to indicate their dogs’
typical responses to a variety of everyday situations and stimuli during the recent
past. Depending on the type of behaviour being measured, the scales rate either
severity (aggression, fear/anxiety, excitability) or frequency (all other categories of
behavior) (Duffy and Serpell 2012). Participants are instructed to answer all

Table 2.1 Demographic characteristics of the sample of dogs used in the study

Breed N %
Female

%
Neutered

Age (+/- SD)

Australian Shepherd 406 48.3 74.9 4.28 +/- 3.13
Beagle 188 45.7 78.7 4.80 +/- 3.33
Boston Terrier 62 37.1 85.5 3.87 +/- 2.22
Boxer 206 49.0 74.8 4.39 +/- 2.93
Bulldog 49 57.1 61.2 3.84 +/- 3.04
Cavalier King Charles

Spaniel
75 52.0 77.3 3.70 +/- 2.61

Chihuahua 273 45.8 61.2 4.03 +/- 3.23
Cocker Spaniel (American) 213 47.4 78.4 4.48 +/- 3.39
Dachshund 127 42.5 78.0 5.18 +/- 3.88
Dachshund (Miniature) 78 53.8 84.6 4.47 +/- 3.61
Doberman Pinscher 314 50.6 61.5 4.37 +/- 2.94
English Springer Spaniel 138 46.4 61.6 4.73 +/- 3.29
French Bulldog 34 47.1 70.6 3.55 +/- 2.76
German Shepherd 781 51.5 66.6 4.09 +/- 3.12
German Shorthaired Pointer 70 42.9 71.4 4.61 +/- 3.31
Golden Retriever 605 49.1 71.9 4.80 +/- 3.50
Great Dane 138 52.2 77.5 3.84 +/- 2.84
Havanese 121 48.8 58.7 2.94 +/- 2.56
Labrador Retriever 1120 49.7 76.2 4.06 +/- 3.19
Maltese 109 45.0 83.5 4.43 +/- 3.52
Mastiff (English) 196 34.2 54.1 2.53 +/- 2.04
Miniature Schnauzer 119 47.9 79.8 4.91 +/- 3.30
Pembroke Welsh Corgi 85 47.1 84.7 4.69 +/- 3.41
Pomeranian 140 41.4 57.1 4.13 +/- 3.52
Poodle (Standard) 314 45.2 67.8 4.46 +/- 3.28
Poodle (Toy) 70 50.0 61.4 5.47 +/- 4.05
Pug 105 47.6 79.0 4.33 +/- 2.90
Rottweiler 416 47.8 57.7 4.01 +/- 2.80
Shetland Sheepdog 179 48.0 71.5 5.16 +/- 3.37
Shih Tzu 133 45.1 74.4 5.16 +/- 3.76
Siberian Husky 150 47.3 73.3 4.61 +/- 3.41
Yorkshire Terrier 110 43.6 74.5 5.02 +/- 4.32
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questions. However, if they are unable to answer a question because they have
never observed the dog in the specified situation, they have the option to select
‘‘not observed/not applicable’’ and the item is then treated as a missing value.
Using factor analysis, 68 of the original items were condensed into 11 behavioral
factors. Two new factors (energy and dog rivalry) were added subsequently, and
one of the original factors (dog-directed aggression/fear) was divided into two
(dog-directed aggression and dog-directed fear) to create a total of 14 factors. This
factor structure has been found to be remarkably consistent irrespective of breed,
sex, or geographic location (Duffy et al. 2008; Hsu and Serpell 2003; Hsu and Sun
2010; Nagasawa et al. 2011; van den Berg et al. 2006, 2010). Twenty-two mis-
cellaneous items are also included in the C-BARQ as stand-alone behavioral
measures. High scores are less favourable for all items and factors with the
exception of trainability, for which high scores are more desirable. For the pur-
poses of analysis, each dog’s factor score is calculated as the average of its scores
for the questionnaire items pertaining to that factor. Breed averages are based on
the sum of the individual dog factor scores divided by the value of N for each
breed (See Table 2.1).

To date, the various C-BARQ factors and items have been shown to have
adequate internal reliabilities (Cronbach’s alpha C 0.7), and acceptable test-retest
and inter-rater reliabilities (Duffy et al. 2008; Duffy and Serpell 2012; Jakuba et al.
2013). Initially, 7 of the original 11 subscales were validated using a panel of 200
dogs previously diagnosed with specific behavior problems (Hsu and Serpell
2003). More recently, other studies have provided criterion validation of the C-
BARQ by demonstrating associations between the various factor and item scores
and, for example, training outcomes in working dogs (Duffy and Serpell 2012), the
performance of dogs in various standardized behavioral tests (Barnard et al. 2012;
De Meester et al. 2008; Svartberg 2005), and neurophysiological markers of
canine anxiety and compulsive disorders (Vermeire et al. 2011, 2012).

2.4.2 Results

2.4.2.1 Aggression

Initial factor analysis of C-BARQ questionnaire data extracted three factors that
measured different manifestations of aggression in dogs: Stranger-directed
aggression (10 items), owner-directed aggression (8 items) and dog-directed
aggression (4 items) (Hsu and Serpell 2003). As their names suggest, the first two
of these factors measure aggression directed toward either unfamiliar or familiar
people, respectively, while the third refers to contexts in which the dog directs
aggressive threats or actions toward unknown or unfamiliar dogs. A fourth factor,
dog rivalry (4 items), was later added to the C-BARQ to cover aggression directed
toward other familiar dogs living in the same household (Duffy et al. 2008).
Average scores on all of the C-BARQ aggression factors tend to be skewed toward
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zero (especially in the case of owner-directed aggression), hence the expanded Y
axes in the charts (Fig. 2.1a–d). This probably reflects a history of relatively
intense selection against disruptive levels of aggression in dogs, particularly when
directed toward human members of the same household. Despite the limited
variation in the data, breed differences for all four factors are statistically highly
significant (Kruskal-Wallis P values \ 0.0001).

Fig. 2.1 Breed average C-BARQ scores for: a stranger-directed aggression, b dog-directed
aggression, c owner-directed aggression, and d dog rivalry in the 30 most popular AKC breeds
(including miniature and toy variants of the dachshund and poodle). The horizontal line
represents the average score for this population of dogs
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For stranger-directed aggression, several small or toy breeds stand out as
having scores above the population average (e.g. Chihuahua, standard and mini-
ature dachshund, Maltese, miniature schnauzer, toy poodle, and Yorkshire terrier).
Two guard dog breeds, the Doberman and the German Shepherd, also obtain
somewhat high scores on this factor, as does the Australian shepherd. In contrast,
the bulldog, cavalier King Charles spaniel, golden retriever, Labrador retriever,
pug, and Siberian husky all obtain below-average scores. A rather similar array of

Fig. 2.1 continued

42 J. A. Serpell and D. L. Duffy

V
e
tB

o
o
k
s
.i
r



high and low breeds characterizes the dog-directed aggression factor, although in
this case the boxer, English springer spaniel and French bulldog also join the ranks
of the more aggressive breeds.

The owner-directed aggression and dog rivalry factors also show considerable
overlap in terms of breed distribution. Again, small or toy breeds tend to score
highest for these two types of aggression, particularly the beagle, Chihuahua,
American cocker spaniel, both dachshunds, French bulldog, Maltese, Pomeranian,
toy poodle, shi tzu and Yorkshire terrier, whereas all of the large or medium-sized
breeds tend to score low on these factors.

2.4.2.2 Anxiety and Fear

Four distinct C-BARQ factors measure various dimensions of anxiety or fear.
They include stranger-directed fear (4 items), (unfamiliar) dog-directed fear (4
items), nonsocial fear (e.g. loud noises, novel objects, etc.—6 items) and sepa-
ration-related behavior (anxiety—8 items). A fifth factor, touch sensitivity (4
items), also appears to be an expression of fear in relation to being touched,
handled, or groomed. Breed differences on all of these factors were highly sig-
nificant (Kruskal-Wallis P value \0.0001) and, as with the aggression factors,
scores for the various fear factors tend to be skewed toward zero; again presum-
ably an effect of generations of selection in favor dogs that are less neophobic than
their wild ancestor.

Fig. 2.2 Breed average C-BARQ scores for: a stranger-directed fear, b dog-directed fear,
c nonsocial fear, d separation related problems, and e touch sensitivity in the 30 most popular
AKC breeds
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The most striking observation to be made from a cursory examination of the
charts for these behaviors is the consistency with which the same group of breeds
scores higher than the population average across the different contexts (Fig. 2.2a–e).
Almost without exception they belong to either small or toy breeds, and, even within
breeds, the dwarf or miniature versions (e.g. miniature dachshund and toy poodle)
are significantly more fearful or anxious than their larger counterparts. Six of these
breeds (Chihuahua, dachshund, miniature dachshund, Maltese, toy poodle, and
Yorkshire terrier) score high in all five contexts, and two more (beagle and shih tzu)
score high in four out of five.

Fig. 2.2 continued
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In contrast, many of the brachycephalic breeds (Boston terriers, bulldogs,
French bulldogs, and pugs) tend to obtain low scores for fear, as do the golden
retriever, Labrador retriever, rottweiler, and Siberian husky.

2.4.2.3 Attachment and Attention-Seeking

The C-BARQ attachment and attention-seeking factor comprises six questionnaire
items. Dogs that score high on this factor tend to stay close to their owners, solicit

Fig. 2.2 continued
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more affection and attention, and display agitation when the owner gives attention
to third parties, such as other people or dogs (Hsu and Serpell 2003). Although
breed differences for this factor are still highly significant statistically (Kruskal-
Wallis P Value\0.0001), it is apparent from the chart (Fig. 2.3) that only a small
number of breeds diverge markedly from the population average compared with
most of the other C-BARQ factors, and only one—the Siberian husky—stands out.
This breed is often described in the literature as being somewhat aloof, and its low
score on this factor confirms this anecdotal observation. Interestingly, the breeds
that tend to score higher for attachment and attention-seeking tend to be the same
small or toy breeds that score high on the various aggression and fear factors (e.g.
Chihuahua, miniature dachshund, Maltese, toy poodle and Yorkshire terrier). This
might suggest that the attachment/attention-seeking behavior of these breeds is
partly motivated by fear or anxiety.

2.4.2.4 Predatory Chasing

The C-BARQ chasing factor refers to the tendency of some dogs to display
predatory chasing of cats, squirrels, birds, and/or other small animals, when given
the opportunity. It comprises 4 questionnaire items. Again, there are large and
highly significant breed differences in the expression of this trait (Kruskal-Wallis
P\0.0001) with some breeds exhibiting high average scores (German short-haired
pointer, miniature schnauzer, and Siberian husky) and others low (bulldog, Chi-
huahua, English mastiff, pug, and shih tzu) (see Fig. 2.4). Although the three

Fig. 2.3 Breed average C-BARQ scores for attachment/attention-seeking in the 30 most popular
AKC breeds (including miniature and toy variants of the dachshund and poodle)
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highest scoring breeds have relatively little in common in other respects, all of
them are known historically for their role in hunting or vermin control and their
strong predatory drive. In the case of the lowest scoring breeds, anatomical and
physical constraints may limit these dogs’ ability to chase potential prey species,
even if they possess the inclination to do so.

2.4.2.5 Excitability

Dogs that obtain a high score on the C-BARQ excitability factor (6 items) tend to
display strong reactions to potentially exciting or arousing events, such as going
for walks or car trips, doorbells ringing, the arrival of visitors, or the owner
arriving home after a period of absence. Such dogs also have difficulty calming
down after such events (Hsu and Serpell 2003). As with attachment and attention-
seeking, there is a surprising degree of uniformity among the selected breeds
respecting their average scores on this factor, and no particular breed or breeds
stands out, although there are highly significant breed differences (Kruskal-Wallis
P \0.0001). The three lowest scoring breeds (bulldog, English mastiff, and
Siberian husky) are well known for being relatively ‘laid back’, and many of the
high scoring breeds belong to the same group of small or toy breeds that also tend
to score high for aggression, fearfulness, and attachment and attention-seeking
(e.g. both dachshunds, Maltese, toy poodle, and Yorkshire terrier). In addition, the
Pomeranian, miniature schnauzer, and many of the brachycephalic breeds (Boston
terrier, boxer, French bulldog, and pug) tend to obtain higher than average scores
for excitability (Fig. 2.5).

Fig. 2.4 Breed average C-BARQ scores for chasing in the 30 most popular AKC breeds
(including miniature and toy variants of the dachshund and poodle)
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2.4.2.6 Energy

The C-BARQ energy factor consists of just two questionnaire items: ‘‘playful,
puppyish, boisterous’’ and ‘‘active, energetic, always on the go.’’ Although the
majority of the selected breeds show average energy levels close to the population
mean for this factor, several breeds stand out (Kruskal-Wallis P \0.0001). In
particular, the Australian shepherd, boxer, Doberman pinscher, German short-
haired pointer and Maltese obtain relatively high average scores for energy, while
the bulldog, Great Dane and English mastiff obtain relatively low scores (Fig. 2.6).
With the exception of the Maltese, most of the former are originally working
breeds so an abundance of energy may have been selected for. Among the latter,
the bulldog’s various medical issues may account for its lack of energy, and the
two giant breeds may also be lethargic for morphological reasons.

2.4.2.7 Trainability

Eight questionnaire items comprise the C-BARQ trainability factor. Dogs that
score high on this factor are attentive to their owners and willing to obey basic
commands, are not easily distracted, respond positively to correction, tend to be
fast learners, and readily fetch or retrieve thrown objects/toys (Hsu and Serpell
2003). As with all C-BARQ traits, there are highly significant differences across
the 30 most popular breeds in the expression of this factor (Kruskal-Wallis
P \0.0001), with some breeds (e.g. Australian shepherd, Doberman pinscher,
English springer spaniel, golden and Labrador retrievers, standard poodle,

Fig. 2.5 Breed average C-BARQ scores for excitability in the 30 most popular AKC breeds
(including miniature and toy variants of the dachshund and poodle)

48 J. A. Serpell and D. L. Duffy

V
e
tB

o
o
k
s
.i
r



rottweiler and Shetland sheepdog) tending to obtain high average scores for
trainability, while other breeds (e.g. beagle, dachshund, pug, and Yorkshire terrier)
obtain relatively low scores (Fig. 2.7). In general, most of the breeds classified as
belonging to the AKC’s hound, toy, terrier and non-sporting groups fall below the
population average for this trait, whereas breeds belonging to the sporting and
herding groups tend to be above the average. Breeds in the heterogeneous
‘‘working dog’’ group are inconsistent, with some obtaining a high average score
(rottweiler) and others a low one (Siberian husky).

2.4.2.8 Miscellaneous Problems: Persistent Barking, House Soiling,
Escaping/Roaming

In addition to the main factors, the C-BARQ also comprises a number of indi-
vidual questionnaire items that were retained as sources of information about
relatively specific patterns of behavior. Some of these items also reveal pro-
nounced differences in behavior across breeds. For example, the item, ‘‘barks
persistently when alarmed or excited’’ reveals striking differences across breeds
(Fig. 2.8, Kruskal-Wallis P \0.0001). All the small or toy breeds previously
associated with aggression, fearfulness, attachment and attention seeking, and
excitability exhibit higher than average levels of persistent barking, and in this
they are joined by the miniature schnauzer and Shetland sheepdog, which displays
the highest level of this behavior of any of the sampled breeds. Conversely, most
of the larger and brachycephalic breeds display relatively low levels of barking,
and the Siberian husky rarely barks.

Fig. 2.6 Breed average C-BARQ scores for energy in the 30 most popular AKC breeds
(including miniature and toy variants of the dachshund and poodle)
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Another C-BARQ ‘miscellaneous’ item, ‘‘urinates when left alone at night or
during the daytime,’’ reveals an even more striking disparity between large and
small breed dogs (Kruskal-Wallis P \0.0001). With the exception of the beagle
and the bulldog, all of the breeds with higher then average scores for this behavior
are in the toy or miniature size range. Conversely, apart from the cavalier King

Fig. 2.7 Breed average C-BARQ scores for trainability in the 30 most popular AKC breeds
(including miniature and toy variants of the dachshund and poodle)

Fig. 2.8 Breed average C-BARQ scores for persistent barking in the 30 most popular AKC
breeds (including miniature and toy variants of the dachshund and poodle)
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Fig. 2.9 Breed average C-BARQ scores for urination when left alone in the 30 most popular
AKC breeds (including miniature and toy variants of the dachshund and poodle)

Fig. 2.10 Breed average C-BARQ scores for escaping/roaming in the 30 most popular AKC
breeds (including miniature and toy variants of the dachshund and poodle)

Charles spaniel, Havanese and Shetland sheepdog, all of the low scoring breeds
are medium to large breed dogs (Fig. 2.9).

Finally, the item, ‘‘escapes or would escape from home or yard, given the
chance,’’ points to a distinctive flight risk for beagles and Siberian huskies com-
pared with most of the other sampled breeds, as well as some risk for Boston
Terriers, French bulldogs, German short-haired pointers, miniature schnauzers,
and Yorkshire terriers (Fig. 2.10, Kruskal-Wallis P \0.0001).
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2.5 Discussion

In general respects, the observed breed differences in behavior in the present study
resembled some of those obtained in previous analyses. For example, Hart and
Hart (1985), Ley et al. (2009) and Turcsán et al. (2011) also found that herding and
sporting dog breeds tended to obtain higher scores for trainability (although
measured in different ways), and Ley et al. (2009) also detected positive associ-
ations between small body size and neuroticism (i.e. anxiety-related behavior) and
less sociable personality. McGreevy et al. (2013) detected similar correlations, but
this study was based on a comparable dataset to the one we used, so some overlap
is inevitable. While replication of results by independent studies suggests that
these apparent breed differences in behavior reflect some sort of underlying bio-
logical reality, it remains unclear the extent to which they are caused by specific
genes; differential histories of human selection for functional traits; differences in
the early environment, socialization and training of dogs of different breeds; and/or
systematic biases in how the owners of different breeds evaluate them in behav-
ioral surveys. Furthermore, it must be emphasized that individual variation in C-
BARQ scores within breeds are often as great or greater than the differences
between breeds, and this limits our ability to talk about breed-specific or breed-
typical personality traits based on these kinds of measures.

Genes have certainly been demonstrated to play important roles in the
expression of behavior in dogs (Scott and Fuller 1965; Mackenzie et al. 1986;
Serpell 1987). Attempts to estimate the heritability of canine temperament and
performance traits have typically obtained highest values for traits reflecting
anxiety/fearfulness, sociability, boldness, and various forms of aggression (God-
dard and Beilharz 1982; Liinamo et al. 2007; Pérez-Guisado et al. 2006; Saetre
et al. 2006; Scott and Bielefelt 1976; Willis 1995; Wilson and Sundgren 1998). In
the present study, a possible direct genetic affect may help to account for the
consistently higher levels of fearfulness and reactivity in the small or toy breeds of
dog. For example, molecular geneticists have been able to identify alleles asso-
ciated with the Insulin-like Growth Factor-1 (IGF1) gene that are present in all toy
or miniature dog breeds, but absent from wolves and other wild canids, and very
rare among large breed dogs (Sutter et al. 2007; Gray et al. 2010). Earlier studies
also found significantly lower levels of circulating IGF1 in the serum of miniature
poodles compared with standard poodles, and in small breed dogs compared with
larger ones (Eigenmann et al. 1984; Guler et al. 1989). More interestingly, in a
study of German shorthaired pointers deliberately selected for nervousness/fear-
fulness,2 an inverse linear correlation was detected between the severity of the
dogs’ fearful behavior and their serum IGF1 levels (Uhde et al. 1992). This might
suggest that, in addition to affecting growth and stature, the IGF1 gene has
plieotropic effects on temperament that tend to make small dogs more fearful,

2 This population of nervous pointers was created by researchers during the 1960s to serve as an
animal model of human anxiety disorders.
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more reactive and excitable, more likely to display defensive aggression and
anxious attachment, and more likely to urinate when left alone. A genetic corre-
lation between size and temperament might make sense from an evolutionary
perspective since smaller individuals are likely to be more vulnerable than larger
ones. However, it is also possible that the observed correlation between small size
and fearful/anxious temperament is due to an environmental factor. Small breed
dogs may learn to be more risk averse due to their greater vulnerability to harm or
injury, and/or the owners and breeders of such dogs may be more tolerant of their
behavioral issues because of their smaller size, and/or they may provide them with
less early exposure to unfamiliar environments and social interactions during the
sensitive period for socialization, thereby rendering them more fearful and anx-
ious. Choosing between these various alternatives is beyond the scope of the
present study but future investigations of this apparent ‘small breed effect’ might
benefit from comparing small or toy breeds that show the effect consistently (e.g.
Chihuahua, dachshund, toy poodle) with those that don’t (e.g. cavalier King
Charles spaniel, Havanese).

Less specific genetic factors may also help to explain the relatively eccentric C-
BARQ factor and item scores for the Siberian husky. This breed has been classified
as an ‘ancient breed’ based on its apparent degree of genetic relatedness to the
wolf (Parker et al. 2004). Its high scores for chasing and escaping/roaming, and
low scores for trainability, attachment/attention-seeking and persistent barking
certainly tend to render it more wolflike in behavior than any of the other popular
breeds in our sample, although these traits might also reflect evolutionary con-
vergence rather than genetic relatedness. In addition, it should be emphasized that
this breed also displays exceptionally low levels of both social and nonsocial fear:
a characteristic that would generally be considered atypical of wolves.

Several of the observed breed differences in the study are most plausibly
accounted for by reference to the original functional (working) roles of the breeds
involved. For example, the relatively low scores for the fear-related factors in
Doberman pinschers, German shepherds, and rottweilers, and the high scores of
two of these breeds for stranger-directed aggression make sense in the context of
their widespread use as guard dogs. Similarly, the beagle’s apparent tendency to
escape and roam is probably a legacy of its hound-like propensity to hunt by
‘following its nose’, while the high scores obtained for chasing in German shor-
thaired pointers and miniature schnauzers may also reflect past selection for
attention to, and pursuit of, potential prey. The breed differences identified for the
trainability factor also fit within a functional framework. Because they tradition-
ally performed relatively complex tasks in tandem with human partners, sporting
and herding breeds have presumably been selected for social-cognitive skills that
enhance their working performance. Such skills would likely include many of the
elements of the trainability factor such as attention and focus, responsiveness to
signals and directions provided by humans, and quickness to learn. In contrast, toy
breeds are not required to work, and hounds and terriers typically work more or
less independently of human direction.
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Some breeds may also suffer from straightforward morphological and ana-
tomical constraints on their behavior. The low scores for chasing and energy of the
some of the brachycephalic and giant breeds are likely to be at least partly a
consequence of their lack of stamina due either to their exceptionally large body
size or congenital deformation of the respiratory tract and axial skeleton.

With respect to the issue of dog breed popularity, the current findings may also
help to explain why Ghirlanda et al. (2013) were unable to detect any consistent
relationship between popularity and behavioral characteristics in their study.
Miniature and toy breed dogs have grown markedly in popularity throughout the
last decade (Euromonitor International 2013), despite the evidence provided here
that they are likely to display a range of more severe behavioral problems than
larger breeds. Since the effects of canine behavioral problems, such as aggression,
excitability, or house soiling, are likely to scale with body size, it follows that dog
owners are going to be more tolerant of the same behavior problems produced by a
small breed dog compared with a larger one. In which case, any underlying
association between breed popularity and behavior will tend to be confounded by
the effects of body size.

Finally, these results provide support for the use of the C-BARQ as a behavioral
assay for measuring behavioral phenotypes in dogs. According to some authorities,
the field of behavioral genetics has been held back in recent years by the lack of
reliable behavioral phenotyping techniques (Hall and Wynne 2012; Spady and
Ostrander 2008). Hopefully, future genetic association studies will help to deter-
mine whether the C-BARQ or other behavioral measurement techniques will be
able to fulfill this important role.
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Chapter 3
The Significance of Ethological Studies:
Playing and Peeing

Marc Bekoff

Abstract The ease of observing and reliably identifying dogs makes them prime
candidates for ethological and observational studies of a wide variety of behaviors
including social play, social dominance, social organization, and urination pat-
terns. In this chapter I discuss research on social play behavior and urination/scent-
marking patterns. Through long-term observational studies, we have catalogued
the behaviors of play, including play requests, communication of intentions, and
arbitration and negotiation of ‘‘fair play.’’ Using this behavioral category as a
model, we can discuss questions of the evolution of morality and social justice.
Similarly, by detailed study of scent-marking behavior, we can deduce the evo-
lutionary history of different patterns of elimination. Finally, a systematic etho-
logical approach is contrasted with the casual-observational approach of popular
literature on dogs.

3.1 Introduction

Domesticated dogs are fascinating mammals. We created them in our own image,
often favoring traits that compromise their health and longevity, and they also vary
greatly in size, shape, mass, color, coat, personality, and behavior (see also Duffy
and Serpell, this volume). And, because they are easy to observe and to identify
reliably in various environments, dogs are wonderful candidates for ethological
and observational studies that are concerned with a wide variety of behaviors
including social play, social dominance, social organization, and urination patterns
and olfactory communication.
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In this essay I focus on research on social play (‘‘play’’) behavior and also write
briefly on urination/scent-marking patterns to show how much we have learned
from detailed ethological studies of our ‘best friends’. Not only have we learned
much about the nitty–gritty of details of what dogs do when they play (for
example, how they ask another dog to play, how they announce their intentions,
and how they apologize and forgive transgressions against the rules of ‘fair play’),
and why different patterns of elimination may have evolved; we have also gen-
erated some theories about the evolution of social behavior and moral sentiments,
and begun to answer ‘big’ questions about such areas as moral behavior, fairness,
peace, and social justice in animals. Fair play is tightly linked to the evolution of
social tolerance, social reciprocity, individual fitness, and peaceful relationships
among group-living animals. The study of play in dogs involves non-invasive
research that can readily be conducted in dog parks and in various non-captive
settings, generates results that can be used to enrich the lives of individuals, and
provides information that can be used to more fully understand and integrate dogs
and other canids into society. Careful observations from ‘citizen scientists’ can
also help us along. We also can learn a lot about human play from studies of
various canids.

The popular literature abounds with books about dogs perpetuating myths about
behavior that are based on casual observations rather then on detailed systematic
studies still prevail. This is most unfortunate because dogs’ cognitive and emo-
tional capacities do not have to be embellished to make them more interesting or
alluring (Bekoff 2007, 2013a, b). Nor ought the study of dogs be only to learn
more about how they compare to other animals, such as nonhuman primates. In
fact, because the wide diversity of extant canids share a common heritage, they
lend themselves nicely to studies in which dogs are compared to wild relatives
such as wolves and coyotes. No longer pushed aside as not worth studying because
they are ‘mere artifacts’, dogs are wonderful subjects for a wide variety of non-
invasive studies including the use of functional Magnetic Resonance Imaging
(fMRI) (Berns 2013).

3.2 Observing Animals: There are no Substitutes

There are no substitutes for careful observation and description: this stage of study
is critical for the generation of experiments, models, and theory. The wide-ranging
and comparative importance of ethological investigations was highlighted in 1973
when three ethologists, Konrad Lorenz, Niko Tinbergen, and Karl von Frisch (for
his work on ‘‘bee language’’) jointly won the Nobel Prize in Physiology or
Medicine ‘‘for their discoveries concerning organization and elicitation of indi-
vidual and social behaviour patterns’’ (http://www.nobelprize.org/nobel_prizes/
medicine/laureates/1973/). Each keenly observed animals, devised novel and often
incredibly simple experiments, and offered useful and enduring theories con-
cerning the evolution of behavior. Lorenz also stressed that behavior was not only
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something an animal ‘‘did’’, but also something an animal ‘‘had’’: a structure
(similar to a bodily organ) or behavioral phenotype on which evolution could
operate.

In my studies I take a strongly evolutionary and ecological approach using Niko
Tinbergen’s (1951, 1963) integrative ideas about the questions with which etho-
logical studies should be concerned: namely, evolution, adaptation, causation, and
ontogeny (development and the emergence of individual differences). Concerning
the tendency of some scientists to overlook the importance of ethological and
detailed observational studies, Tinbergen (1963) noted, ‘‘… we might forget that
naïve, unsophisticated, or intuitively guided observation may open our eyes to new
problems. Contempt for simple observation is a lethal trait in any science, and
certainly in a science as young as ours.’’ Tinbergen (1963) also claimed,
‘‘[b]ecause subjective phenomena cannot be observed objectively in animals, it is
idle to either claim or to deny their existence.’’ So, in his view, for example, while
we cannot really know that animals find play to be enjoyable, they just might.
Tinbergen did not claim that animals do not have emotional lives. To this end,
Gordon Burghardt (1997) suggested adding ‘‘subjective experience’’ to Tinber-
gen’s scheme. (For further discussions about how Tinbergen’s ideas can be applied
to behavioral studies in general see Kappeler et al. 2013 and Barrett et al. 2013,
and to cognitive ethological inquiries in particular, see Jamieson and Bekoff 1993).

With this framework in mind, we can ask, concerning play: why did play
evolve; how does it promote survival value and reproductive fitness and allow
individuals to come to terms with social situation in which they find themselves;
what causes play; how does play develop; and what is the experience of animals in
play—the emotional side of play. As time has past studies of play have become
much more detailed and theoretically driven and a chronology of this progress can
be found in Bekoff (1974a), Symons (1978), Fagen (1981), Bekoff and Byers
(1981, 1998), Burghardt (2005), and Pellis and Pellis (2010). This essay is not
meant to be a review of the field. However, it does show that detailed observations
of social play, a behavior tossed aside because it was a waste of time to study, can
inform the development of ‘‘big theories’’ in a number of different areas.

3.3 What Is this Thing Called Play?

What is play? The deceptively simple question has troubled researchers for many
years. A well-received definition of social play developed with John Byers (Bekoff
and Byers 1981; for further discussion see Burghardt 2005) is ‘‘social play is an
activity directed toward another individual in which actions from other contexts
are used in modified forms and in altered sequences.’’ Our definition centers on
what animals do when they play—the structure of play—rather than on possible
functions of play. Nonetheless our definition of play could in some instances be
problematic in that it would seem to apply, for example, ‘‘to stereotypical
behaviors such as the repetitive pacing or excessive self-grooming sometimes
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evinced by caged animals’’ (Allen and Bekoff 1997). It is difficult to see how to
state a non-arbitrary restriction on the range of behaviors that may constitute play
(Colin Allen, personal communication). Gordon Burghardt’s (1997) later charac-
terization of play as having five criteria attempts to do this. He notes that ‘‘Playful
activities can be characterized as being (1) incompletely functional in the context
expressed; (2) voluntary, pleasurable, or self-rewarding; (3) different structurally
or temporarily from related serious behavior systems; (4) expressed repeatedly at
least during at least some part of an animal’s life span; and (5) initiated in benign
situations’’ (2005, p. 382).

During play, actions may also be changed in their form and intensity and
combined in a wide variety of unpredictable sequences (Bekoff and Byers 1981;
Burghardt 2005). In juvenile chimpanzees the unpredictability of play increases
compared to infants, and indeed the play sessions are more complex and variable
in pattern use (Cordoni and Palagi 2011). In polecats, coyotes, and American black
bears biting in play fighting is inhibited when compared to biting in real fighting
(Bekoff 2004b). Clawing in bears is also inhibited and less intense (Henry and
Herrero 1974), an example of ‘self-handicapping’ that is observed in many diverse
species. Play among bears also is non-vocal, and biting and clawing are directed to
more parts of their playmates’ body during play than during aggression.

Play sequences may also be more variable and less predictable than those
performed in ‘true’ predation or aggression, for example, because individuals are
mixing actions from a number of different contexts. Because there are more
actions for individuals to choose from it is not surprising that sequences are
significantly more variable (Bekoff and Byers 1981; Hill and Bekoff 1977), which
is to say that it is more difficult to predict which actions will follow one another
during play than, for example, during real predation or aggression during which
sequences of motor patterns are more highly structured. When dogs, coyotes, or
wolves play one might see sequences of ‘‘biting, chasing, wrestling, body slam-
ming, wrestling, mouthing, chasing, lunging, biting, and wrestling, whereas during
aggression it would be more likely to see threatening, chasing, lunging, attacking,
biting, wrestling, and then one individual submitting to the other’’ (Bekoff 2005,
p. 125). Young canids do not show gender differences in play (Bekoff 1974b;
Biben 1983).

In the wild, animals do not spend a lot of time engaging in social play. How-
ever, this does not mean that it is not important to play. Much animal play also is
spontaneous in that it is common to see two animals sniffing the ground or walking
about and then begin to play when they cross one another’s path or bump into one
another. The amount of time and energy that young mammals devote to various
types of play is usually less than ten percent of their total time and energy budgets
(Bekoff and Byers 1998). For example, in captive adult wolves the amount of play
is about nine percent of the total time budget (Cordoni 2009). In most species play
occurs mainly during infant and juvenile life. Adults do engage in social play but
usually less so than the young of their species (for a notable exception, see Palagi
2006).
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3.3.1 A Rearview and Prospective View of Social Play

Early in my career, many colleagues, especially fieldworkers, told me forthrightly
that it was a waste of time to study play behavior. Some people also told me that
‘‘real’’ ethologists do not study dogs because they are artifacts—merely ‘‘creations
of man’’—and we cannot really learn much about the behavior of wild animals by
studying them. In the 1970s, it seemed that only veterinarians and those people
interested in practical applications of behavioral data studied dogs. Indeed, at two
meetings in 2013, this historical mistake was revisited and soundly rejected, and
the present volume shows just how important studies of dogs truly are.

Concerning play, some people thought of it as a wastebasket into which
behavior patterns that were difficult to understand should be tossed, or that
understanding play was not important for researchers interested in behavioral
development (Lazar and Beckhorn 1974), whereas others, including my Ph.D.
mentor, Michael W. Fox, realized that play was essential to normal social, cog-
nitive, and physical development and that people just had not taken the time to
study it in detail (for discussions about possible functions of play see Bekoff and
Byers 1981; Burghardt 2005; Palagi et al. 2004; Palagi 2011; Pellis and Pellis
2010; Spinka et al. 2001). One reason why studying play has been difficult is
because it is a hodge-podge or kaleidoscope of lots of different activities from
various social contexts including predatory, mating, and agonistic behavior
(Bekoff 1972), and it takes a lot of time to learn about the details of this behavior.
For example, it can take many hours to conduct frame-by-frame analyses of as
little as 10 min of play captured on video, but these sorts of analyses are essential
to gaining an understanding of this behavioral phenotype.

In order to get the ball rolling on detailed comparative systematic studies of
play, I organized a symposium that centered on play (Bekoff 1974a). I also began
detailed studies focusing on what animals do in play that have now lasted more
than four decades. My studies of play are based on careful observation and
analyses of videotape. I watch tapes of play one frame at a time to catalogue the
animals’ behavior and determine how they exchange information about their
motivations, intentions, and desires to play.

Following ethological traditions, my first step was to develop a lengthy and
detailed ethogram—a list of actions (Bekoff 1972, 1974b). A completeness anal-
ysis was performed that showed that we had noted the fifty or so actions that were
most used and the probability of adding a new, as yet unobserved action, was
extremely low. Data were collected using direct observation and filming, some of
which at had no obvious connection to the then scanty extant theories about the
evolution and development of play. However, over time, the zeitgeist changed and
many data found homes as new hypotheses and theories materialized.

One example of the relevance of play to other cognitive and evolutionary
questions is the obvious fact that play is a voluntary and cooperative behavior. As
such, it is linked to the development of social skills and animals learning ‘right’
from ‘wrong’: a process that is important in the development of fairness and moral
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sentiments (Bekoff 2004a; Bekoff and Pierce 2009; Cordoni and Palagi 2011;
Dugatkin and Bekoff 2003; Pierce and Bekoff 2012), as well as social justice
(Brosnan 2012; Pierce and Bekoff 2012). By studying play we may be able to learn
about what may be going on in an individual’s mind, what they feel, what they are
thinking about, what they want, and what they are likely to do during a social
encounter. By using play and other special contexts (such as greetings, courtship,
or ritualized fighting) to communicate about relationships, animals can convey
intentions and emotions and negotiate and re-negotiate the terms of a relationship
while minimizing the risk of injury or misunderstanding (Ward and Smuts 2007).

My early research focused on the importance of ‘‘bows’’ in the initiation of
play, conveying the message ‘‘I want to play with you’’ (Bekoff 1974b, 1977a). In
dogs, coyotes, and wolves, bowing takes the form of crouching on their forelimbs,
raising their hind ends in the air, and often barking and wagging their tails. At the
time, I did not yet see how they were related to how canids punctuate play
sequences and tell others, in essence, ‘‘I am going to bite you hard but it is still
play’’ or ‘‘I am sorry I just bit you so hard, please forgive me’’ (Bekoff 1995).
What I and others have found is that bows rarely occur outside of the context of
social play, and occur throughout play sequences (although they are most com-
monly are performed at the beginning or towards the middle of playful encoun-
ters). And, of course, bows have to be seen by other dogs. In her research on play
in dogs, Horowitz (2009) discovered that play signals were ‘‘sent nearly exclu-
sively to forward-facing conspecifics while attention-getting behaviors were used
most often when a playmate was facing away, and before signaling an interest to
play.’’ The play bow is a highly ritualized and stereotyped movement resembling
Modal Action Patterns (Barlow 1977). Bows are highly stereotyped, distinctive,
and recognizable—but not identical, as Fixed Action Patterns are (Bekoff 1977a).
There also are auditory (play sounds such as play panting), olfactory (play odors),
and tactile (touch) play signals (Bekoff and Byers 1981; Burghardt 2005; Fagen
1981; Horowitz 2009; Pellis and Pellis 2010).

In my own research I did not look at play bouts as having been ‘won’ or ‘lost’
mainly because they were not in any obvious way related to an individual’s
position in the social hierarchy, in the leadership of their group, or of their social
status with the individual with whom they were playing. Burghardt (2010) also
noted that there were not individual winners and losers in play. Comparative
research has shown that play may be important in the development of motor and
physical training, cognitive/motor training, or in the development of other social
skills. However, it is difficult to generalize about possible functions of play across
species. For example, play fighting (also called ‘rough-and-tumble’ play) does not
appear to be important in the development of motor training for fighting skills in
laboratory rats (Pellis and Pellis 2010).

Play also may serve a number of functions simultaneously, for example,
socialization, exercise, practice, cognitive development, or training for the unex-
pected (Spinka et al. 2001), the last theory being based on the kaleidoscopic
(unpredictable) nature of play sequences. Play may also have an ‘‘anxiolytic
effect’’ by reducing anxiety during tense situations (e.g. pre-feeding time) and
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preventing escalation to an aggressive encounter. For example, chimpanzees,
bonobos, and juvenile gorillas show an increase in social play during pre-feeding
periods compare to other times (Palagi et al. 2004, 2006, 2007). No matter what
the functions of play may be many researchers believe that play is provides
important nourishment for brain growth and helps to rewire the brain, increasing
the connections between neurons in the cerebral cortex. (For more information on
comparative studies about brains and play see Lewis and Barton 2006; Pellis and
Pellis 2010; Graham 2010, and Graham and Burghardt 2010).

I did not see at the time how individual patterns of play could be related to the
development of social bonds and individual dispersal patterns (Bekoff 1977b) or to
evolutionary questions about individual reproductive fitness (Bekoff 2004a; Bekoff
and Pierce 2009). And, while I focused on visual signals I did not pay attention to
how dogs sought attention from others using vocal signals. In the late 1990s I had
the pleasure of helping to train Alexandra Horowitz as she began her work on
visual attention and play (Horowitz 2002, 2009). I am thrilled that I and others
persisted in studying this behavior because now it is clear that detailed studies of
play can inform the development of ‘‘big theories’’ concerning the evolution of
social behavior, fairness, cooperation, moral behavior, cognitive capacities
(including whether animals have a ‘‘theory of mind’’), and individual survival and
reproductive fitness (Bekoff and Pierce 2009; Pierce and Bekoff 2012).

3.3.2 Fair Play

For instance, based on extensive research, we have discovered the potential rel-
evance of play to the development of morality. Dogs practice what we call ‘fair’
play, whose four ‘rules’ are ‘‘Ask first, be honest, follow the rules, and admit when
you’re wrong’’ (Bekoff and Pierce 2009). When the rules of play are violated and
when fairness breaks down, so does play (Pierce and Bekoff 2009, 2012)—and not
just among dogs. For example, in juvenile chimpanzees, it has been observed that
some play sessions escalate into serious aggression and, interestingly, during these
sessions, no play signals (play faces) were performed (Giada Cordoni, personal
communication). Dogs and other animals keep track of what is happening when
they play; so, too, should researchers.

Relatedly, play bows also are honest signals, a sign of trust. There is little
evidence that social play is a manipulative activity (Bekoff and Pierce 2009). Play
signals are rarely used to deceive others in canids or other species. Deceptive
signaling is so rare that I cannot recall seeing more than a few occurrences in
thousands of play sequences. Cheaters are unlikely to be chosen as play partners
because others can simply refuse to play with them and choose others. My long-
term field research on coyotes living in the Grand Teton National Park, near
Jackson, Wyoming (summarized in Bekoff and Wells 1986), has shown that
coyotes who do not play fairly—who invite others to play and then try to dominate
them—often wind up leaving their pack because they don’t form strong social
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bonds with other individuals. We also discovered that they suffer higher mortality
than those who remain with others. This is a good example in which the data we
collected on social play and the dispersal patterns of identified individuals did not
make sense to us at the time, however as ideas about fair play emerged they took
on significance. The message from research on captive and wild canids is clear:
don’t bow if you don’t want to play. The field data show nicely how the study of
the development of play in captive animals that are virtually impossible to gather
in the wild can inform what is happening in the wild. (This is not an endorsement
of keeping animals in captivity.)

In domestic dogs there is little tolerance for non-cooperative cheaters. Cheaters
may be avoided or chased from playgroups. There seems to a sense of what is
right, wrong, and fair. For instance, while studying dog play on a beach in San
Diego, California, Alexandra Horowitz (2002) observed a dog enter into a play
group and interrupt the play of two other dogs. The interloper was chased out of
the group and when she returned the playing dogs stopped playing and looked off
toward a distant sound. One of the players began moving in the direction of the
sound and the interloper ran off following their line of sight. The playmates
resumed their game. In rats as well, fairness and trust are important in the
dynamics of playful interactions. Sergio Pellis (2002) discovered that sequences of
rat play consist of individuals assessing and monitoring one another and then fine-
tuning and changing their own behavior to maintain the play mood.

There also are trade-offs in play that help to maintain fair play. Animals engage
in two activities that help create an equal and fair playing field: self-handicapping
and role-reversing. Self-handicapping (or ‘play inhibition’) occurs when individ-
uals perform behavior patterns that might compromise them outside of play
(Bekoff and Byers 1981; Horowitz 2009). For example, individuals of many
species will inhibit the intensity of their bites, thus abiding by the rules and helping
to maintain the play mood.

Role-reversing occurs when a dominant animal performs an action during play
that would not normally occur during real aggression. For example, during play, a
dominant coyote or wolf would not roll over on his back during fighting, but would
do so while playing. In one study, Bauer and Smuts (2007) discovered that role-
reversals are not always necessary, but they do facilitate play. Giada Cordoni
(2009), while studying captive wolves, discovered that ‘‘rank distance between
conspecifics negatively correlated with play distribution: by playing wolves with
closest ranking positions tested each other for acquiring information on skills of
possible competitor and gaining hierarchical advantage over it.’’ Young crab-
eating foxes, maned wolves, and bush dogs do not show stable hierarchies (Biben
1983). In their study of third-party interventions in play between littermates of
dogs Ward et al. (2009) discovered that littermates ‘‘use interventions opportu-
nistically to practice offence behaviours directed at littermates already behaving
subordinately.’’ These interventions may help structure dominance relationships
among littermates.

In many species individuals also show play partner preferences and it is pos-
sible that these preferences are based on the trust that specific individuals place in
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one another or because it is more fruitful for an animal to test its cognitive and
physical skills with a particular partner or because it is useful for strengthening the
social relationship with a particular partner (Cordoni and Palagi 2011; Palagi and
Cordoni 2012). Because social play cannot occur in the absence of cooperation or
fairness, it might be a ‘‘foundation of fairness’’ (Bekoff 2004a).

The highly cooperative nature of play has evolved in many species, so there are
a number of questions that need to be asked and answered. For most of these
questions the database remains scanty. These include: Why might animals con-
tinually keep track of what they and others are doing and modify and fine-tune
play on the run, while they are playing? Why might they try hard to share one
another individual’s intentions? Why do animals carefully use play signals to tell
others that they really want to play and not try to dominate them? Why do they
engage in self-handicapping and role-reversing? Why do animals behave fairly?
By ‘‘behave fairly’’ I mean that animals ‘‘often have social expectations when they
engage in various sorts of social encounters the violation of which constitutes
being treated unfairly because of a lapse in social etiquette’’ (Bekoff and Pierce
2009).

I have also stressed that social morality, in this case behaving fairly, is an
adaptation that is shared by many mammals (Bekoff 2004a). By behaving fairly
young animals acquire social and other skills they will be needed as they mature
into adults (Allen and Bekoff 1997). Without social play individuals and social
groups would lose out (Antonacci et al. 2010; Cordoni and Palagi 2011). Morality
evolved because it is adaptive, because it helps animals, including humans, survive
and thrive in particular environments. And, there is no reason to assume that social
morality is unique to humans (Bekoff and Pierce 2009; Brosnan 2012; de Waal
2013; Sussman and Cloninger 2011). ‘‘Uncooperative play’’ is impossible, ‘‘an
oxymoron, and so it is likely that natural selection weeds out cheaters, those who
do not play by the accepted and negotiated rules’’ (Bekoff 2005).

3.3.3 Future Research: Play and the Ethology of Peace

Detailed observations of social play, a behavior tossed aside because it was sup-
posedly a waste of time to study, can inform the development of ‘‘big theories’’
including those about the evolution of morality. Studies of play also inform the-
ories about the evolution of peaceful behavior (Gray 2014; Verbeek 2008). Fur-
thermore, Niko Tinbergen and renowned field workers including Hans Kruuk and
George Schaller (e.g. Schaller and Lowther 1969) have suggested looking to the
social carnivores for gaining insights into the evolution of social behavior in
humans.

Mammalian social play is a good choice for a behavior to study in order to learn
more about the evolution of fairness and social morality, even in humans. This is
not to say that animal morality is the same as human morality. If one is a ‘‘good’’
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Darwinian, it is premature to claim that only humans can be empathic and moral
beings.

So, where are we? Play is a voluntary activity and individuals have the right to
quit when they have had enough or want to do something else (Gray 2014). I still
stand by what I have written before (Bekoff 2004a), ‘‘Social play may be a unique
category of behavior because inequalities between players are tolerated more so
than in other social situations. Play cannot occur if individuals choose not to
engage in the activity and the equality (or symmetry) needed for play to continue
makes it different from other forms of seemingly cooperative behavior such as
hunting and care giving. This sort of symmetry, or egalitarianism, is thought to be
a precondition for the evolution of social morality in humans’’ (see also Bekoff and
Pierce 2009; Ciani et al. 2012).

Social play is a category of behavior about which we now know quite a bit, but
there still is much we have to learn about the details of playful interactions in most
of the species in which play has been observed. Much of what we already know
about the development, evolution, and social dynamics of play has come from
detailed comparative research on domestic dogs and their wild relatives and this
information and the methods of study can also be used to learn more about play in
other nonhuman animals and the need for ‘‘wild play’’ in human animals (Bekoff
2012). Studying play is challenging and exciting and I hope that additional detailed
studies from a wide variety of species will be forthcoming. These data are essential
for coming to a further understanding of the evolution of play across diverse
species, how ecological variables influence the development of play in individuals
of the same species, and how an individual’s playful experiences or the lack
thereof influence his or her future behavior.

3.4 Ethological Studies of Urination Patterns

The importance of ethological studies is also highlighted in inquiries about uri-
nation patterns. I was very surprised four decades ago to discover, when someone
asked me some very basic questions about urination patterns of free-running,
unrestrained dogs including gender differences in marking rates, what stimuli
trigger urinating or scent-marking, and whether seeing another dog urinate stim-
ulated others to do so, sniffing patterns, ground-scratching, and responses to
‘‘yellow snow’’, that there were not any detailed data. There still are not. Based on
enduring myths especially in the popular literature about why dogs pee, it was
simply assumed that urinating meant scent-marking—although Devra Kleiman
(1966) and others pointed out that this is not necessarily so because dogs and other
animals do ‘‘simply pee.’’ Earlier studies had described in detail the postures dogs
use and some general patterns of urination (see Bekoff 1979a and references
therein), however little else was known especially about free-running dogs.

To fill the knowledge gap my students and I studied urination patterns in two
populations of free-running dogs, one on the campus of Washington University in
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St. Louis, Missouri and the other in and around Nederland, Colorado (Bekoff
1979a). Twenty-seven males and Twenty Four anestrous females, all individually
identified, were observed. Marking was distinguished from merely urinating in that
the urine was aimed at a specific object or area (it had ‘‘directional quality’’,
Kleiman 1966) and generally less urine was expelled during marking (see also
Palagi et al. 2005; Palagi and Norscia 2009). We also scored the frequency of
occurrence of what we called the Raised Leg Display (RLD) that occurred when a
dog raised his leg but did not deposit any obvious urine.

The results of this study can be summarized as follows (Bekoff 1979a). Males
marked more than females and at a higher rate (males, 71.1 % of urinations;
females, 18 %); males ground-scratched significantly more than females after
marking and males did it significantly more when other dogs could see him do it
(Bekoff 1979b); both males and females marked at the lowest rate in areas in
which they spent the greatest amount of time; seeing another male mark was a
strong visual releaser for urine marking by males; sniffing did not invariably
precede marking by either males or females; the RLD appeared to function as a
visual display; and males performed the RLD significantly more frequently when
other males were in sight. We concluded that the RLD might be a ploy by which
one male gets another male to use his urine because the RLD was a strong visual
releaser or trigger for urination by other males. We also concluded then, and the
same conclusion obtains now, that we need to pay more attention to the visual
aspects of the postures (see also Palagi et al. 2005; Palagi and Norscia 2009) and
behavior patterns involved in the deposition of scent, in this case urine. What has
been accomplished by observing dogs can serve as a model for studying other
species.

3.4.1 What can we Learn from Yellow Snow?

The study of urination and sniffing patterns can also inform ideas about ‘‘bigger’’
questions about cognitive capacities. Various studies have shown that some non-
human Great apes, an African elephant, bottlenose dolphins, orcas, and European
magpies show ‘‘self-recognition’’, sometimes called ‘‘self-awareness’’ and ‘‘self-
consciousness’’, using what is called the ‘‘mirror test’’. Paul Sherman and I (2004)
labeled various senses of self as ‘‘self-cognizance’’. In general, in the classic
mirror test developed by Gordon Gallup (1970) (for further discussion see Gallup
et al. 2002) that has been used, with revisions, on individuals other then land
animals (for details about research done on dolphins see Reiss 2011), individuals
are habituated to a mirror, anesthetized, and a mark is then placed on their fore-
head using an odorless dye. When the animal wakes up they are tested to see if the
make self-directed movements to the mark. If they do this it is taken as support for
self-recognition, self-awareness, or self-consciousness. Individual (but not all)
chimpanzees, an elephant, and magpies have passed the mirror test with a good
deal of exposure, however, researchers disagree about just what the self-directed
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movements mean and if the mirror test is really a valid measure of ‘‘self-aware-
ness’’, and they also are concerned with a lack of replication in studies in different
laboratories.

A detailed discussion of the mirror test and what it means is beyond the scope
of this essay. But what is important is that dogs and wolves do not pass the mirror-
test. Michael Fox and I tried to use this method in the early 1970s and tried to
publish the negative results, but the paper was repeatedly rejected because of the
results were negative. Our negative result, of course, did not mean that dogs did
not have the capacity for self-cognizance, only that perhaps the mirror test was not
the good test to use.

The mirror tests depends on a visual stimulus and for a long while I wondered if
perhaps a test using olfactory cues could be designed to see if dogs could dis-
criminate self from others. Once again, following up on Tinbergen’s (1951) stress
on the importance of conducting simple field experiments I decided to use urine-
soaked snow—‘‘yellow snow’’—to see if dogs discriminated their own urine from
that of others.

To investigate the role of urine in eliciting urinating and marking, in a pilot
study that took place over five winters when there was snow on the ground (Bekoff
2001) I moved urine-saturated snow from place-to-place to compare the responses
of an adult male domestic dog, Jethro, to his own and others’ urine. What I found
was that Jethro spent less time sniffing his own urine than that of other males or
females, and that while his interest in his own urine waned with time it remained
relatively constant for other individuals’ urine. Jethro infrequently urinated over or
sniffed and then immediately urinated over (scent-marked) his own urine. He
marked over the urine of other males more frequently than he marked over
females’ urine. He clearly had some sense of ‘‘self’’: a sense of ‘‘mine-ness’’ but
not necessarily of ‘‘I-ness’’ (Bekoff 2001).

Clearly, as with the study of play, a ‘‘simple’’ ethological approach to urination
patterns produced very interesting and useful preliminary results. These data are
foundational for the development of hypotheses about, for instance, why animals
pee the way they do and where they choose to do it, and the generalizability of the
patterns that have been observed in dogs needs to be assessed in other animals.

3.5 Back to Basics: The Ethological Approach
and Watching Animals

It is easy to see that the ethological approach is invaluable to the study of animal
behavior. Many of the papers in the symposium I organized (Bekoff 1974a) pro-
vide excellent examples of just how important it is to watch animals carefully and
to develop detailed ethograms. Watching animals is not merely ‘stamp collecting’
as some pejoratively called it years ago (Jamieson and Bekoff 1993), nor is it just
for those interested in natural history or bird watching. We need to know what
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animals do in order to be able to generate relevant and valid models and theories
and explain why animals do what they do. This essential role of ethological
inquiries is not as highly prized as it was in the early days of ethology and
observational studies are often dismissed as unwelcomed hangovers from the past
when natural history accounts were popular even among researchers. Let us hope
that funding becomes available for these sorts of foundational studies because in so
many areas of animal behavior we really need to go back to the basics, in this case
detailed accounts of what animals do in social encounters or when they are on their
own. Without these sorts of detailed data attempts to develop wide-ranging, some
might say grandiose hypotheses and theories, are similar to trying to build a house
without a suitable foundation. The ideas and the home might last for a while but
sooner or later someone is going to have to go back to building a firm foundation.
Ethological studies do just this.

Furthermore, they are the foundation for important insights about not just
behavior but animal experience. Despite some lingering and rapidly declining
skepticism about whether or not other animals are conscious or experience deep
and enduring emotions (summarized in Bekoff 2013b), it is now time to stop
ignoring who these animals really are and to stop pretending that we do not know
that they are indeed conscious and feeling beings who experience a wide range of
emotions (Bekoff 2013a, b). The minds of other animals are not ‘‘all that private’’
so as to make impossible to know what they want, need, and feel. And, there is no
doubt that dogs and other animals love to play and deeply enjoy it. They volun-
tarily seek it out relentlessly, take certain risks, and will play to exhaustion and
seek out playmates with very little rest.

We must also make every effort to use this information on their behalf. Indeed,
in July 2012 a group of renowned scientists met at Cambridge University and
finally declared that animals are truly conscious and produced a long overdue
document they called the Cambridge Declaration on Consciousness (2012). They
wrote, ‘‘Convergent evidence indicates that non-human animals have the neuro-
anatomical, neurochemical, and neurophysiological substrates of conscious states
along with the capacity to exhibit intentional behaviors. Consequently, the weight
of evidence indicates that humans are not unique in possessing the neurological
substrates that generate consciousness. Non-human animals, including all mam-
mals and birds, and many other creatures, including octopuses, also possess these
neurological substrates.’’ They could also have included fish, for whom the evi-
dence supporting sentience and consciousness is also compelling (Braithwaite
2010).

Although we really have known for a much longer period of time that other
animals are conscious, perhaps this highly publicized declaration will be helpful
for radically improving animal well being. We can only hope this declaration is not
merely gratuitous hand waving. I have proposed a Universal Declaration on
Animal Sentience (Bekoff 2013a) that expands the Cambridge Declaration and
also notes that we must factor sentience into the decisions we make about how we
treat other animals.
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Chapter 4
Dog Imitation and Its Possible Origins

Ludwig Huber, Friederike Range and Zsófia Virányi

Abstract The question of social learning in dogs is characterized by dispute. Ever
since Thorndike more than a century ago, researchers believed that domestic dogs
have poor social learning skills. However, recently it has been proposed that dogs
have enhanced social cognitive skills due to their selection to live in the human
environment and cooperative with humans. Thus, dogs might not just be able to
learn through observation from conspecifics but also from humans. The most
convincing argument for the latter assumption would be experimental evidence of
true imitation, since imitation is considered to be the most complex and also most
rare social learning mechanism in the animal kingdom. In this chapter, we will
report recent evidence first of social facilitation and social influences on individual
learning and then of true social learning in dogs. The latter includes three hall-
marks of imitation: faithful copying (of both a human and a conspecific model),
deferred imitation, and selective imitation. In the final part we address the potential
origins of these remarkable skills of dogs. We propose imitation has been inherited
from their ancestors, wolves, which are well known for their advanced social
system, including cooperative breeding and hunting. This hypothesis has recently
been supported by experimental evidence with wolves outperforming dogs in a
manipulative problem-solving task after observation of a skilled conspecific.

4.1 Introduction

Social learning in dogs is a contentious issue. While some believe that dogs are
adapted perfectly to the human world and learn massively from their human
caretakers, others argue that they may be highly attentive to human cues but do not
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learn anything. At best, they are obedient and follow humans blindly, but they do
not modify their behavior, knowledge or skills in a persistent and adaptive manner.
Of course, the discussion of whether an animal species is able to learn by
observation depends on the definition of ‘learning’. Although not aiming at being
prisoned with terminological issues, it is important to make things clear before
risking too much confusion later on.

According to Thorpe (1956), learning can be considered as a process which
manifests itself through adaptive modifications of the behavior of the individual as
a result of experiences. While psychologists use the term ‘learning’ in regard to a
relatively long-lasting change in behavior, physiologists use it in regard to a
derived change of the neuronal mechanism. Biologists—like Lorenz (1981)—
however, do restrict the use of the term ‘learning’ to only adapative modifications
and do not include muscle twitches and motoric stereotypes.

Within contemporary learning theory, learning is regarded as change in an
animal that is caused by a specific experience at a certain time, t1, and that is
detectable later, t2, in the animal’s behaviour (Rescorla 1988). More specifically,
cognitive psychologists and learning theorists consider learning as a kind of
development of internal representations of relationships, which occur between
events in the animal’s environment (Dickinson 1980). An associative learning
mechanism is one that produces, under specified conditions, increments and
decrements in the strength of a connection between psychological representations
(Dickinson 1980). In other words, learning is the acquisition of knowledge.
Knowledge may be represented in two kinds, in a procedural (knowing how) and a
declarative (knowing what) form. However, as noted by Heyes (1994), investi-
gators of social learning seldom refer to animal learning theory, even when they
are discussing mechanisms. Mostly they refer to the outcomes of social learning
and discuss the adaptive value of those outcomes in terms of behavior synchrony,
conformity, information transmission, tradition formation, and culture.

Matching one’s behaviour to that of a demonstrator is the only widely recog-
nized outcome of social learning. However, simply doing what others do is not
necessarily learning. It still may lead to favorable outcomes, because in most cases
the behavior of others has already been shaped by consequences. There are many
ways in which ‘matching behavior’ is produced, but only some are based on true
learning processes as defined above.

Most researchers would agree that the term ‘social learning’ refers to learning
that is influenced by observation of, or interaction with, another animal (typically a
conspecific) or its products (Galef 1988; Heyes 1994). But it is not clear whether it
is based on the same mechanism as asocial (or individual) learning, with the only
difference being the source of information (a social one in the first case, an asocial
one in the second). And the learning phenomenon is blurred by the possibility that
species-typical, motivational, or perceptual factors generate the convergence
between demonstrator and observer by producing matching behaviors (Zentall
2006). For example, animals may be predisposed to engage in certain behaviors
(e.g., eating) when others are seen engaging in those behaviors (‘contagious’
behaviors). Alternatively, being in the presence of conspecifics may result in an
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increase in general arousal, which may make certain behaviors more probable
(motivational effects). Also, the behavior of others may draw attention to a place
or object independently of the behavior itself, and that attention may facilitate
subsequent individual learning (perceptual ‘enhancement’ effects). All these
phenomena can be categorized as socially biased learning (Fragaszy and Visa-
lberghi 2004) or socially influenced individual learning in contrast to true social
learning (Zentall 2006).

True learning in the above-mentioned sense may occur if observers learn the
relation between the effect(s) of the observed behavior on the environment, which
subsequently facilitates the performance of the observers. Varieties of social
learning can be distinguished according to the role of the demonstrator in gener-
ating matching behaviour on the part of the observer (Heyes 1994). The demon-
strator’s behaviour may act as (i) an unconditioned stimulus eliciting a matching
response (observational conditioning), (ii) a discriminative stimulus (matched-
dependent behaviour), or (iii) a model within a goal-directed (imitation) or non-
goal-directed (copying) process (Galef 1988; Whiten and Ham 1992).

There is wide consensus about the ability and disposition of dogs to benefit
from interactions with either conspecifics or humans (e.g. Kubinyi et al. 2009).
Species-typical (e.g. contagion), motivational (social facilitation) or perceptual
(local or stimulus enhancement) factors have been shown repeatedly to produce
matching behavior or to help an observer dog to solve a problem. Much less
consensus exists about whether forms of true social learning, like observational
conditioning, affordance learning, or emulation and imitation are within the range
of the dog’s cognitive abilities. Especially imitation, whether animals can ‘‘from
an act witnessed, learn to perform that act’’ (Thorndike 1911, p. 79), has produced
diverging opinions about the dog’s respective capacity. Are these creatures, like
humans and possibly great apes, able to use representations to guide their actions?
Are they able to selectively switch between imitation and emulation, between
copying the observed behavior or using the own, preferred behavior depending on
how they interpret the demonstrator’s performance in relation to its goals, situa-
tional constraints, and possibilities? And if they can, how and when have they
gained these abilities?

Fortunately, the last years have produced some empirical answers to these
important questions. In this review we proceed in four steps: (1) First, with a
critical view differentiating between socially biased individual learning and true
social learning, we summarize the evidence of several main forms of social
influence on learning in dogs, like social facilitation and stimulus enhancement.
(2) Then, in the main part of the chapter, we discuss in more depth the evidence for
and against imitation in dogs, which has become a controversial issue in recent
years. (3) Subsequently, we address the potential origins of these skills of dogs,
elaborating on the social system of canids as well as on the potential effects of
domestication and individual learning in a social environment shared with humans.
(4) Finally, we highlight a few results of the first study that compared dogs and
wolves in an imitative learning task and conclude with a cautious interpretation
that begs further research.
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4.2 Social Influences and Socially Biased Individual
Learning in Dogs

If one looks back into the history of social learning in dogs, one can find both
positive and negative reports about the ability of dogs to learn from observation.
The two most cited negative examples are those from Thorndike (1898) and
Brogden (1942). According to their historic findings, dogs failed to learn to
manipulate a latch after observing a human, or to solve a puzzle box faster after
watching another dog escaping from it (Thorndike 1898); neither were dogs
classically conditioned faster after watching a similarly conditioned dog (Brodgen
1942). On the positive side of the coin, people count the much later reports of
Adler and Adler (1977) and Slabbert and Rasa (1997). When given the opportunity
to observe their trained littermates, Miniature Dachshund puppies showed
enhanced learning in a string-pulling task (Adler and Adler 1977). And the par-
ticipation in the training exercises of their mother improved the drug search per-
formance of German shepherd puppies (Slabbert and Rasa 1997). In sum, those
early reports of social learning studies remained ambiguous regarding whether and
what observer dogs learned and, more importantly, were at best suggestive, due to
the lack of important experimental controls. Therefore, rigorously controlled
experimental studies were needed to further our understanding of the true nature of
the dog’s social learning abilities.

4.2.1 Species-Typical and Motivational Factors

The (mainly psychological) research of imitation in animals has clearly revealed
that methodological improvements have facilitated our understanding of the
underlying processes of social learning, especially by uncovering factors that
influence the behavioral modification of the observer and the information gained
from the model’s demonstration (Byrne 2002; Heyes et al. 2009; Heyes and Ray
2000; Zentall 2006). It became obvious that not one but several mechanisms may
be involved, most of them simpler on a cognitive account than imitation. For
instance, simply the presence of a conspecific may result in changes of behavior of
the observer (social facilitation), e.g. by increasing its general arousal or vigilance.
Matching behavior is more obvious if specific behaviors of one individual are
repeated in more or less the same form by another upon observation. The most
popular cases in the dog literature are gaze following (Range and Viranyi 2011;
Teglas et al. 2012) and contagious yawning (Harr et al. 2009; Joly-Mascheroni
et al. 2008; Madsen and Persson 2013; O’Hara and Reeve 2011; Silva et al. 2012).
However, as the controversial issue of contagious yawning has shown, even here,
the underlying mechanisms (contagious behaviour, mimicry, or even empathy)
have not been clarified (Silva and de Sousa 2011; Yoon and Tennie 2010).

82 L. Huber et al.

V
e
tB

o
o
k
s
.i
r



If dogs are not only watching each other but also interact, facilitative effects
may multiply. Such a combination of motivation and information transfer was
indicated in a study by Heberlein and Turner (2009). Food availability to a
demonstrator dog during the demonstration phase increased the willingness of
observer dogs to have snout contact with their demonstrators, and this snout
contact increased their motivation to search for hidden food. This also increased
their search efficiency, as they were then more likely to look at the location where
the demonstrator had previously found food. As in rats, snout contact is used by
dogs as an important source of information when establishing food preferences.
This has been experimentally examined by Lupfer-Johnson and Ross (2007) who
tested twelve demonstrator-observer pairs of domestic dogs. Observers exhibited a
significant preference for the flavored diet consumed by the demonstrators. In feral
dogs it might be important for unsuccessful foraging dogs to get information about
food locations by interacting with successful conspecifics.

4.2.2 Perceptual Factors

Watching others provides the opportunity to become aware of interesting objects or
interesting places in the environment, something that one would unlikely recognize
if alone. Importantly, the observer may have a head start by simply focusing on the
object with which the other has interacted before and then may subsequently learn
to solve the problem alone (stimulus enhancement). There are numerous examples
from dog research showing clear perceptual enhancement effects. Especially when
confronted with search problems in complex spatial arrangements, where the
baseline probability of finding the desired object (e.g., food) is low, the opportunity
to observe a skilful demonstrator bears a high facilitative potential. A series of
experiments testing dogs’ ability to solve a detour problem showed how effective
simple perceptual cues are in leading the naive observer to the target location
(Pongrácz et al. 2001, 2003). Dogs with no experience had difficulty obtaining the
food when the only solution was to go around (to detour) a V-shaped transparent
wire mesh fence. The problem is solved by going farther away from the food first
before returning on the other side of the fence. But if demonstrated by a human
experimenter, most dogs solved this spatial problem. The most parsimonious
explanation for this effect of observation is in terms of stimulus enhancement: the
demonstrator’s behavior served to direct the attention of the observer to the end
points of the fence. The importance of the attention on the side of the observer is
also indicated by the fact that ostensive-communicative cues of the human dem-
onstrator (verbal encouragement during the demonstration) had facilitating effects
(Pongrácz et al. 2004) (but see Range et al. 2009b).

The question still remained if the human demonstrator only served as means to
make important aspects of the environment more salient (like the end points of the
fence) rather than as a social model and source of important information to solve
the task (see Heyes 1994). A recent study with a box being pulled behind the fence
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along the detour path suggests that the former effect is indeed sufficient to increase
the dogs’ performance in this kind of spatial problem (Mersmann et al. 2011).
Obviously, the inanimate cues are as effective as real social cues (human or
conspecific demonstrator) to draw the observer’s attention to otherwise unrecog-
nized parts of the environment and to increase the search space of the dog.

Stimulus enhancement can also be an important mechanism involved in
learning to solve manipulative problems. When dogs were confronted with a box
from which a ball was released if a protruding lever was manipulated (pushed to
the right or left) they could not solve the problem without demonstration (Kubinyi
et al. 2003). Only when a human demonstrator (the dog’s owner) pushed the lever
sideways to release the ball (in contrast to not interacting with the box), did
observer dogs solve the problem. Interestingly, it seemed that it was the pushing
action (with or without resulting in the ball rolling out) that attracted the observers’
attention to the lever, since the demonstrator’s touching of the lever (tapping on it)
had no facilitating effect on the observers’ own attempts. However, the observers
did not manipulate the lever in the same way as the demonstrator, namely pushing
it in the same direction. Given that finding, the most parsimonious interpretation
for the subject dogs’ behavior is again in terms of stimulus enhancement.

4.3 Social Learning

4.3.1 Behaviour Matching (Perhaps Without Imitation)

A major driving force in the search for imitative learning in non-human animals
was the attempt to determine if the observer improved its performance by using the
demonstrated actions rather than simply interacting with the same objects or the
same parts of the objects as the demonstrator. However, the power of perceptual
enhancement effects in social learning tasks was sometimes underestimated when
researchers designed experiments to test imitative learning in their study species.
Higher cognitive processes like imitation cannot be assessed (and maybe also not
found) if these ‘lower-level effects’ have not been meticulously controlled for. As
we will see later, the modification of a motor plan is inhibited if (new) objects are
in place, as they are likely more salient than the actions of the demonstrator.

In one study that aimed at testing imitation, when dogs were confronted with a
tube mounted on a pole and required to manipulate it so that a ball rolls out, they
could do so in different ways, according to what they have seen before from a
human demonstrator (Pongrácz et al. 2012). One group of dogs saw the experi-
menter putting the right hand on the top of the tube (at its end) and pushing it down
until the ball rolled out from it. A second group saw the demonstrator tilting the
tube by grabbing one of the 27-cm-long, thick ropes that were attached on each
end of the tube with their right hand and pulling it down until the ball rolled out.
Thus, the matching of the demonstrated action (pushing or pulling) could be

84 L. Huber et al.

V
e
tB

o
o
k
s
.i
r



achieved by simply manipulating the same (part of the) object (the tube’s end or
the rope). These two parts of the apparatus were both sufficiently well spatially
separated (about 30 cm apart) and visually different to make this distinction.
Furthermore, and most importantly, the different parts necessitate different actions
when a dog attempts to manipulate them. While the end of the rope cannot be
pushed down (but can easily be grasped with the mouth and pulled), the top of the
tube cannot be grasped with the mouth and pulled (but can easily be pushed down).
Therefore, the most parsimonious explanation of the matching effect the authors
found is again stimulus enhancement (but not local enhancement, as the dogs
showed no preference for manipulating the same side of the tube as the demon-
strator) rather than in terms of action copying (pulling vs. pushing).

A similar argument can be used for most experiments that use the so-called
bidirectional control method to test for imitation. By using an object (a rod or a
sliding door) that can be moved in two different directions, researchers aimed at
controlling for social facilitation and perceptual enhancement effects. Although the
movements are essentially the same in terms of the motor pattern (e.g. pushing
with the muzzle), they can be considered different in terms of the overall action
plan. Two experiments in which the bidirectional control was applied produced
contrasting results. While the dogs in the study by Kubinyi and colleagues (2003)
failed to show a significant matching effect of lever pushing (see above), a more
recent study was successful in this respect. On the first test trial, 11 of 12 dogs that
could observe, from a position standing obliquely behind another dog, this dog
pushing a sliding door to either the left or the right, pushed the screen in the same
direction as demonstrated (Miller et al. 2009).

Why did the dogs perform much better in the second study? Two methodo-
logical differences between the studies may have accounted for the different
outcomes. First, the overall action was more salient in the second study. The
sliding door was much larger and heavier than the protruding lever and thus
required larger movements (approximately 16 cm in case of the sliding screen) to
the left or right. Second, the demonstrator in the first study was the owner, while in
the second study it was a trained dog. The use of a conspecific demonstrator may
have been an advantage, as it showed the exactly same action (pushing with the
muzzle), while the human demonstrator used her/his hand. Perhaps the dogs in the
Kubinyi et al. (2003) study had difficulties in transforming the hand action into the
appropriate action of a dog. A human demonstrator was also used in a further
group of dogs by Miller et al. (2009), but those dogs showed no significant
matching effect (though being only marginally different from chance).

Still there is a third possibility to explain the positive results of Miller and
colleagues (2009). Rather than the action itself (pushing left or right), the dem-
onstration may make the edge of the aluminium screen at which it is pushed
particularly salient. The two edges were separated by 30.5 cm, which seems to be
sufficiently distant to discriminate them. Interestingly, for the training of the
demonstrator dog a visual cue was sufficient to indicate which direction to push the
screen: a single finger point to one side of the screen from the experimenter located
behind the apparatus. Importantly, simply going to the same side of the screen
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would produce a sufficient degree of demonstrator-observer matching. Manipu-
lation at the left edge can only result in a right-push, manipulation at the right edge
can only result in a left-push. A complete control for stimulus or local enhance-
ment effects would have required offering a hole in the screen into which the dog
could insert its snout (as we have used in a study with pigs; (Ricke 2013)). From
there, each direction of pushing is equally likely.

It is necessary to note that an account in terms of stimulus or local enhancement
is not the only alternative to imitation in such an object movement task. Observers
may directly learn something about the object—such as its movement or the
relationship between the movement and the outcome—even without any inter-
vention by a demonstrator. Instead of matching the behavior of the demonstrator,
the observer might produce the action via object movement reenactment (copying
the direction the object moves (Custance et al. 1999)). When one group of dogs
observed the screen moved unobtrusively by the experimenter while another dog
was present but did not interact with the apparatus, they also matched the direction
in which the screen moved. Therefore, as Miller and colleagues (2009) pointed
out, dogs seemed to have learned by observation about the properties of the door
(emulation) and their relationship with reward (observational conditioning), rather
than about body movements (imitation).

To determine whether animals learn by observation about responses or about
changes of state in the environment, a two-action/one-outcome procedure is
necessary. Such a procedure would guarantee that only the demonstrator’s
response topographies (the movements of the demonstrator) differed rather than
their effects on the environment (the movements of the objects). Zentall and
colleagues pioneered this approach by comparing naïve pigeons (Zentall et al.
1996) and quail (Akins and Zentall 1996) that had observed a demonstrator either
pecking at or stepping on a treadle for food (see also McGregor et al. 2006;
Saggerson et al. 2005). In a similar manner Huber and colleagues found true
imitation effects with marmosets; these monkeys learned by observation to operate
a swinging door (Bugnyar and Huber 1997) or to open a lid of a food canister with
either their hand or mouth (Voelkl and Huber 2000, 2007). In the following
sections we describe experiments with dogs using the two-action/one-outcome
procedure.

4.3.2 Automatic Imitation

Copying body movements is at the core of theories about imitation. Current
theories assume that imitation is achieved by activation of motor representations
through observation of action. More specifically, observing somebody else
executing an action leads to an activation of an internal motor representation
in the observer because the observed action is similar to the content of
the equivalent motor representation (Prinz 2002; Wohlschläger et al. 2003).
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This pre-activated motor representation is then used to imitate the observed
behaviour (e.g. Brass and Heyes 2005).

Where does this motor representation come from? One influential theory in
regard to imitative learning, the associative sequence learning model (ASL)
(Heyes 2001; Heyes and Ray 2000), suggests that the development of imitation
depends on sensorimotor experience and phylogenetically general mechanisms of
associative learning and motor control. The experience consists of correlated
(contiguous and contingent) observation and execution of the same body move-
ment, the mechanisms of associative learning are the same that produce Pavlovian
and instrumental conditioning in the laboratory. During (early) ontogeny, indi-
viduals form ‘matching vertical associations’, excitatory links between sensory
and motor representations of the same action, forged through correlated experience
of observing and executing the same action.

We tested the effects of correlated experience of observing and executing the
same (matching) or different (nonmatching) actions in dogs (Range et al. 2011).
First we trained dogs to open a sliding door of a wooden box using their head and
their paw. One group of dogs was rewarded with food for opening the door using
the same method (head or paw) as demonstrated by their owner, another for
opening the door using the alternative method. The second group, which had to
counter-imitate to receive a food reward, was significantly slower to learn the task.
This suggests that dogs cannot inhibit online the tendency to imitate using the
same body part. In a subsequent transfer test, all dogs were required to imitate their
owners’ demonstrated sequences of head and paw use for food rewards. Consistent
with the training, the second group made a greater proportion of incorrect, counter-
imitative responses than dogs of the first group that had previously been rewarded
for the matching response.

The findings provided evidence that dogs, like humans (Heyes et al. 2005) and
budgerigars (Mui et al. 2008), are subject to ‘automatic imitation’. Such automatic
imitation is pervasive in everyday human life, where it promotes affiliation and
cooperation among social partners (Van Baaren et al. 2009), and compatible with
theories that propose a mediating role of the ‘mirror neuron system’ in response
facilitation (Catmur et al. 2009). But most importantly is is the key to solve the
‘correspondence problem’, i.e., how the imitator knows what pattern of motor
activation will make its action look like that of the model (Heyes 2001).

This imitative capacity, which seems to be an emergent property of the motor
system, does not, however, mean that imitation is only blind copying. Why don’t
we imitate all the time? The most recent years of research have been dedicated to
the examination of the flexibility of the imitation mechanism. It has addressed the
question how the capacity to imitate is brought under intentional control (Heyes
et al. 2009); in other words, how voluntary imitation is. Some researchers believe
that this ability to facilitate, reorganize, coordinate, and inhibit externally triggered
motor representations may be what distinguishes human imitative capacity from
that of other species (Rizzolatti 2005).
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4.3.3 Voluntary Imitation

Inhibitory control is needed to ensure that imitative behaviour is goal directed
rather than compulsive (Brass et al. 2009). Would dogs be able to decide whether
to imitate or not in a manipulative problem-solving task? We used a variant of the
two-action/one-outcome logic when testing the imitative abilities of pet dogs
(Range et al. 2007). A female border collie (‘Guinness’) was trained to push down
with her paw a wooden rod that was dangling from a tree and connected via chains
to a food box. If the rod was sufficiently strongly pushed down (not only touched!),
the bottom of the food box opened and released a piece of food. To see how naive
dogs would manipulate the rod spontaneously, we tested 14 dogs in a control
condition without demonstration. Since only two of them used their paws, mouth
operation was clearly the preferred method in our sample of dogs. In contrast with
this, dogs of two observer groups could observe the demonstrator dog using her
paw action ten times, but in two slightly different ways. For one group, Guinness
carried a ball in her mouth (mouth-occupied group, MO); for the other, her mouth
was free of any object (mouth-free group, MF). To keep the attention of the
observers high, the experimenter addressed them using communicative cues and
baited the food box ostentatiously. Furthermore, they were allowed to retrieve the
food produced by the demonstrator. The owners of the dogs were also present, but
one-third of them were blind-folded to control for ‘‘Clever Hans’’ effects.

After the ten demonstrations the observers were encouraged to manipulate the
rod themselves. In the very first trial, observer dogs from the MF group showed
demonstrator-matching behavior; 13 of 18 dogs used their paws to push down the
rod and to retrieve the food. Three more dogs also used their paws, but tentatively,
and also their mouths, but never achieved to open the box. Only three dogs used
their mouths. In contrast, 15 of 19 members of the MO group used the method of
the control group, namely biting into the rod and pulling it down (sometimes
pushing it down with the snout). However, this first-trial pattern changed in the
course of seven additional test trials. Already from the second trial on they
exhibited a tendency to the demonstrated paw use and remained with this method
for the rest of the testing.

Especially surprising was this marked difference in the first-trial performance of
the observers given the tiny change in conditions. Why has a small blue ball in the
mouth of the demonstrator produced such a non-imitative effect? Obviously, it was
a salient enough cue for the observer to change the meaning of the demonstration.
It prevented them from ‘blindly copying’ the demonstrated action and instead
encouraged them to use their own, preferred one. Probably it rendered Guinness’
demonstration less exemplary. Dogs seemed to be choosy in this situation.

In one of the detour tasks of Pongrácz and collaborators (Pongrácz et al. 2003),
dogs chose the suddenly open shorter route instead of the long detour to reach the
food bowl. So they seem to behave goal-directed and, like other animal species, to
optimize their behavior on the basis of efficiency. Given the clear preference of the
control group for the mouth method, using the paw in this context is likely to be

88 L. Huber et al.

V
e
tB

o
o
k
s
.i
r



‘inefficient’ for dogs. But it can be turned into efficiency when the other, preferred
method is no longer available. The blue ball may have produced such a trans-
formation. Obviously, the performance of the dogs in the MO group was affected
by this. The observable combination of the goal (the manipulation of the rod), the
inefficient action (paw use) and the situational constraints of the demonstrator (the
ball in the mouth) encouraged the observers (without a ball in the mouth) to use
their preferred and efficient method on test. We concluded that the clear diver-
gence in the performance of the two experimental groups suggests an ability of
dogs—like chimpanzees (Buttelmann et al. 2007; Horner and Whiten 2005)—to
imitate ‘selectively’. However, their suggested ability to predict the most efficient
action to achieve a goal within the constraints of a given situation does not nec-
essarily require the attribution of mental states to others. It may not even reflect the
possession of something like the non-mentalistic teleological interpretational
system of human infants (Gergely and Csibra 2003), though this seemed to us the
most likely interpretation. And although the outcome of the study was strikingly
similar to an earlier one with non-verbal infants, after which it was modelled
(Gergely et al. 2002), it does not per se lend support to a convergence of dogs and
humans in the ability to inferentially evaluate the ‘rationality’ of others’ actions.
The much more mundane aim of the study was to examine whether dogs auto-
matically copy a demonstrated action (in whatever situation) or selectively re-
enact the demonstrated action depending on the constraints of the situation.

Two studies from Leipzig failed to replicate these findings. One was attempted
as a faithful replication, but with the addition of one important control. In addition
to the MO group with a demonstrator having a ball inside the mouth, Kaminski
et al. (Kaminski et al. 2011) used a control group for which the demonstrator had a
ball near the head instead. This tested whether a ball has a distracting effect on the
observer’s attention (away from the situational constraints of the demonstrator)
and instead ‘primes’ the observer’s tendency to grasp things with their mouth.
Unfortunately, procedural differences (reversed baseline tendency of using the paw
in the control group due to extensive pretraining) and differences in the analysis
(not first trial data but first successful trial data) invalidated this study as an attempt
at replicating the Range et al. (2007) study (Huber et al. 2012). Furthermore, as the
baseline tendency for the demonstrated action (paw action) was already high
(62.5 %), the potential for an imitation effect (increasing the baseline tendency)
was low. This study found no difference in the number of demonstrated actions
between observers and non-observers.

The second study also failed to find evidence for imitation in dogs (Tennie et al.
2009). Observer dogs were confronted with one of two actions performed by a
demonstrator dog (to lie down on either the belly or sideways). These actions had
been previously trained in the observer dogs by their owners (except in one
condition) and were therefore not novel. The critical measure was the difference in
frequency of showing these actions in the observer dogs and dogs that had not
witnessed the demonstration. But despite high levels of attention during demon-
strations, observers did not outperform the control dogs.

4 Dog Imitation and Its Possible Origins 89

V
e
tB

o
o
k
s
.i
r



The most obvious difference between the studies outlined before and the one by
Tennie et al. (2009) was the nature of the demonstrated action(s). While pushing,
pulling, pawing etc. are transitive actions, i.e. targeted towards an object (a lever, a
rod, a sliding door), here a target object is missing and thus the action is intransitive.
In terms of action understanding this difference is important. In monkeys, mirror
neurons have been found in the premotor cortex (F5) responding to transitive,
object-related actions, like grasping a piece of food, chewing, sucking it, but none
that respond to intransitive actions (except in the mouth region for communicative
sounds, like lip smacking (Ferrari et al. 2003)). Thus it seems as if the neuronal
substrate for the brain to go into resonance mode when the subject watches
intransitive actions is not existent in primates, and maybe also not in dogs.

4.3.4 Do-As-I-Do Imitation

When animals (or humans) are tested in social learning tasks, it is often difficult to
determine what exactly has been copied and what information the observer has
acquired from the demonstration. The observer may have used the new informa-
tion to improve its knowledge or to modify its behaviour (productive imitation) or
to apply already known actions in the right circumstances (context imitation)
(Byrne 2002). In many situations, instead of precisely copying others’ actions (and
their results on the environment), it is more useful to understand the goal of the
demonstrator’s actions, and only copy those actions of the demonstrator that are
relevant to the task or preferred by the observer. Furthermore, animals may learn
through observation how the environment works by learning about the affordances
of objects or causal relationships between them (Huber et al. 2001).

There are only a few studies that have measured the fidelity or precision of the
copied action. For instance, marmosets proved movement imitation not only at the
level of action matching (pushing or pulling) (Bugnyar and Huber 1997) or body
part matching (using the mouth or the hand) (Voelkl and Huber 2000), but also at
the highest level of movement matching. Marmoset observers showed a very high
level of copying fidelity—assessed through movement analysis—when creating a
novel opening technique from observation (Voelkl and Huber 2007).

Dogs had initially not been found to achieve such high levels of movement
imitation. The situation changed when Topál and colleagues (Topál et al. 2006)
started to use a special method to assess copying fidelity and thereby used tasks
(among others) without involving objects in the demonstrations. Only if intran-
sitive movements like arbitrary gestures or facial expressions are used does the
imitation task require mere movement copying. The researcher can thus determine
if the observer uses the demonstrated action elements as a sample against which to
match his choice of corresponding action. In contrast to all studies reviewed so far,
the animals have first been trained (tutored) to copy (‘‘do it as I do it!’’) a set of
actions demonstrated by the experimenter or the caretaker and then tested with
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novel ones. This explicit nature of the method has therefore been called ‘do-as-I-
do’ paradigm.

Initially used to test the home-reared chimpanzee Viki’s ability to reproduce a
variety of actions on command, the do-as-I-do paradigm has later been applied for
many other animals (see, for review, Huber et al. 2009). The 4-year-old Belgian
Tervueren ‘Philip’ was the first dog to prove capable of copying human actions
with this paradigm (Topál et al. 2006). Philip had been trained as a service dog,
that is to assist his disabled owner in tasks such as to open doors, pick up items,
switch on/off lights. As in the other do-as-I-do studies, Philip was first tutored to
repeat human-demonstrated actions on command (‘Do it!’) and then to generalize
his understanding of copying to untrained action sequences and to actions shown
by other people.

Interestingly, the precise topography of the copied movement patterns revealed
severe limitations. Compared with children, who showed recognizable matching on
all of the actions in the battery used, fidelity in all those studies with great apes was
typically low overall (Whiten et al. 2004). The dog Philip was no exception to this.
Like the apes, he had difficulty replicating body-oriented actions compared with
object-oriented ones and often confused some demonstrated actions with similar
ones that were already stored in his action repertoire. A study in our lab with the
female Weimaraner named ‘Joy’ corroborated these findings (Huber et al. 2009).

Like Philip, Joy was first trained (with reward) to perform a sample of (eight)
human-demonstrated actions on verbal command (‘Do it!’) in order to achieve
some functional correspondence. As soon as Joy’s performance reached a high,
asymptotic level, she was tested on different types of novel actions without rein-
forcement. If confronted with previously untrained actions composed of familiar
elements, Joy showed high degrees of matching, irrespective of whether she had to
copy object-oriented or body-oriented actions. This indicates that she recognized
and encoded a perceived action and then selected the motor response that achieved
a match between the observed and performed action (called ‘response facilitation’
by Byrne (2002)). Deviations only occurred by choosing other trained actions,
possibly revealing effects of pro- and retro-active inference. In the few mis-
matching cases, like in great apes, Joy responded initially with a training action or
an action from her repertoire and later approximated what was shown.

Joy’s copying fidelity was much poorer when confronted with action sequences
(composed of two distinct actions) and with exotic actions. We have considered
the latter ones as extremely unusual actions, of which her body should have been
capable, but which she has never performed before (according to her caregiver).
Among them we tested non-functional, gesture-like movements, because neither
action results nor the demonstrator’s goal could be used to infer the action.

Joy did not replicate any of the exotic actions on the first trial. However, while
she showed a tendency to approximate object-oriented actions in three trials, she
completely failed with intransitive (body) actions. This is not only congruent with
the findings from great apes, but also with those from autistic children (Heimann
et al. 1992). Furthermore, like apes (see Call 2001), dogs seem not be attuned to
the details of the actions, but more to a functional replication. They show similar
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tendencies of perseveration as great apes and quickly fall back into the attractors of
training actions.

Two more tests with Joy provided suggestive, if not conclusive evidence, that
dogs seem capable of imitation that goes beyond blind copying or simple mimicry.
In order to test whether Joy’s copying was the result of an enduring representation
of the demonstrator’s behaviour, a key requirement of true imitation (Zentall 2006),
we conducted a so-called deferred imitation test. Although Joy’s matching degree
decreased with increasing delays of the command, she could perform correctly with
delays shorter than 5 s and once matched a familiar action even after 35 s.
Importantly, Joy was required to fetch a stick between the demonstration and the
‘Do it!’ command, and not only to wait (Dorrance and Zentall 2001). This positive
evidence of deferred imitation was recently confirmed on a bigger sample of dogs.
Using a human demonstrator, dogs could reproduce novel actions after 1-min
intervals and familiar actions after 10-min intervals, the latter even if distracted by
different activities during the retention interval (Fugazza and Miklósi 2013).

A final test with Joy asked whether she would try to make sense of the action
and then re-create the most effective or most plausible solution. We therefore
devised actions for which the ‘target object’ was not (or was no longer) present
(like in pantomime). For instance, the human demonstrator pretended to jump over
a hurdle, but there was no hurdle around. In this first ‘invisible hurdle’ test, Joy ran
in the same direction as the demonstrator before, but did not jump, only stopped
and looked back to the demonstrator. Half a year later this test was replicated,
again unrewarded, but this time a hurdle was positioned in the garden about 5 m
away from the demonstrator’s ‘jumping position’. This time, Joy ran straight to
this real hurdle and jumped over. Possibly she made sense of the observed action
by ‘completing’ it in her own attempt. Altogether, the three ‘do-as-I-do’ studies
with dogs, plus a recent study using dogs as demonstrators (Bentlage 2013),
suggest that dogs form a kind declarative (non-procedural) memory for the
observed actions and then choose a matching response (action imitation) or one
that produces a similar result (goal emulation).

4.4 The Potential Origins of Dog Social Learning

The range of possible origins of dogs’ social skills includes short-, mid- and long-
term developments. As with the enhanced cognitive performance of primates that
grow up in a human environment and regularly interact with humans (Call and
Tomasello 1996), enculturation during individual ontogeny, it has been proposed,
boosts the cognitive abilities of pet dogs as well (Miklósi et al. 2004; Topál et al.
2009). Specifically, the sensitivity of an individual dog to human actions may
depend on its acceptance of (some) humans as social companions (Udell et al.
2010). Alternatively or additionally, a similar alteration of dog behaviour
towards a more human-like direction might have taken place in a (mid-term)
evolutionary sense during the course of domestication (Hare and Tomasello 2005).
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Concerning the attentiveness of dogs towards humans, dogs seem to have evolved a
special relationship with and interest towards humans. Already at their age of four
months dogs show attachment behaviours to their owners, similar to the relationship
between human infants and their mothers (Topál et al. 1998, 2005). Domestication
plays a role here since human-raised wolves do not show a similar preference for
their caretaker over an unfamiliar person (Topál et al. 2005). This close relationship
with their human caretaker has also been shown to result in a higher attentiveness of
dogs towards humans in comparison to conspecifics, but also in regard to different
people with whom they have different relationships (Horn et al. 2013a, b; Mongillo
et al. 2010; Range et al. 2009b). Comparing similarly human-raised young wolves
and dogs also confirms that domestication enhanced the attentiveness of dogs
towards humans: in a communicative situation, after calling the animal’s attention, a
human experimenter could establish eye-contact with dogs more easily than with
wolves (Gacsi et al. 2009; Miklosi et al. 2003; Viranyi et al. 2008).

There is also evidence that dogs benefit from their increased attentiveness
towards humans and are extraordinarily responsive to human-given social cues.
Numerous studies using the experimental paradigm of object-choice tasks
employing human-given cues have provided convincing evidence that dogs are
experts in following human gestures to find hidden food (Miklósi and Soproni
2006; Reid 2009). Neither chimpanzees nor wolves seem to use human commu-
nication as flexibly as the domestic dog (Hare et al. 2002; Miklósi et al. 2003;
Gácsi et al. 2009) (but see Range and Viranyi 2011). However, as fascinating as
this pet dog feature is, it is per se not indicative that the dog learns anything from
observing its human ‘demonstrator’. In this chapter, we have shown that pet dogs
can learn from observing humans—but because comparisons with wolves are
missing in this respect, we cannot know what role domestication and growing up
in the human environment play here. Only rigorous and fair comparisons between
(equally raised) dogs and wolves, pet and stray dogs, more and less enculturated
dogs, young and old dogs, etc. can disentangle the different strengths of these long-
and short-term influences on social learning in dogs.

A thorough analysis of this question could also answer the question in what way
and to what extent humans have altered the social learning skills of dogs and to
what extent these reflect the social learning abilities of wolves. Wolves live in
packs that are basically one-family units that hunt, rear young, and protect a
communal territory as a stable group with the pack members usually being related
individuals (Mech and Boitani 2007). Formation and persistence of the pack as a
functional unit is based on the strong social bonds among its members. This
provides the natural basis of high attentiveness towards and possibly of substantive
learning from pack members. Wolves should therefore be well adapted to learn by
observation, including the most sophisticated forms like emulation and imitation.
This has been supported by anecdotal evidence three decades ago (Frank 1980).
First, several wolves locked in a kennel learned by observing a conspecific how to
open a door that required two distinct operations to unlatch: pushing the handle
toward the door and then rotating it. In contrast, dogs—in this case malamutes—
never learned to open the door despite observing humans opening it several times a
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day for 6 years. However, although several wolves learned the actions by obser-
vation, they all used their own distinctive methods to do so.

Feral dog groups differ from wolves in regard to their breeding system and
possibly other intraspecific interactions (Boitani and Ciucci 1995; Butler et al.
2004; but see Bonanni et al. 2010b). Although they live in pack-like social groups
and display differentiated social relationships with each other including forming an
age-graded linear dominance hierarchy (Bonanni et al. 2010a; Cafazzo et al.
2009), female feral dogs raise their pups alone (Boitani and Ciucci 1995; Daniels
and Bekoff 1989) or with the help of the fathers that may contribute to the defence
of the pups but rarely feed them (Pal 2005). Thus, dogs might lack some of the
coordinated activities of wolf packs, which might have consequences for learning
from conspecifics.

Experimental studies of social learning in feral or stray dogs are not available. It
would be even more speculative to reason about the social attentiveness and
learning propensities of pet dogs, but fortunately some experimental data is
available in this respect. Though on the above basis one may expect that dogs have
lost their abilities to learn from conspecifics during domestication, the studies
reviewed above show that dogs readily learn from conspecifics in various social
learning tasks and by using different mechanisms. Consequently, we need to
seriously consider the hypothesis that the true social learning abilities of dogs
originate from their ancestors, wolves.

We addressed this crucial question in a recent experiment at the Wolf Science
Center (Ernstbrunn, Austria) by comparing wolves’ and dogs’ imitative abilities
(Range and Virányi 2013). We presented 6-month-old wolves and dogs that were
raised and kept under comparable conditions with a box that had food hidden inside.
To open the box, the animals had to push down a wooden lever, which released the
lid of the box. Each animal observed six demonstrations by one of two familiar dogs
dominant over the subjects. One group saw a dog opening the box using its paw,
while the other group saw a dog using its mouth to achieve the same action:
pressing down the lever. We found that wolves were more successful in opening the
box than the dogs and moreover, that they were more likely to match the demon-
strated action. These results could not be attributed to delayed development of dogs
compared to the wolves, since the dogs could also not solve the problem better one
year later, nor could they solely be attributed to a better causal understanding of
wolves compared to dogs, since a control group performed significantly worse.
These are the first data suggesting that wolves might outperform dogs in regard to
their imitative abilities at least with conspecific demonstrators.

4.5 Conclusion

Altogether, the findings of social learning experiments in dogs from the last decade
have provided ample evidence that dogs are not only especially gifted for atten-
tiveness to and adjusting their behaviour to humans, but can also learn socially.
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Dogs have proved to profit from the demonstration of a skilled model—being
either another dog or a human—in solving manipulative problems, by either being
more motivated or by using various kinds of information and—in specific cir-
cumstances—even forming new representations of the observed actions.

However, this does not mean that dogs are always rational or strategic imitators
with outstanding abilities in this respect. It is crucial to distinguish between auto-
matic and voluntary imitation. The development of imitation depends on sensori-
motor experience and phylogenetically old mechanisms of associative learning.
Domestic dogs are perhaps special insofar as they are known to be highly sensitive
to social cues, and their interactions with humans may provide the kind of senso-
rimotor experience that is required for the development of (automatic) imitation.
More complex forms of imitation require not only that the observation of action
elements automatically activates a corresponding motor programme based on
previous experience, but also the encoding of the demonstrated order of elements in
a novel sequence of body movements (sequence learning) and the inhibition of
automatic copying tendencies. The findings from the selective imitation experiment
and the Do-as-I-do studies suggest that dogs have some capacities in the latter
respect as well, and that they can form enduring representations of the demonstrated
actions. How flexibly and voluntarily dogs can use these representations in their
subsequent attempts to solve the task, and how much dogs are guided by their
understanding of the goals and the situational constraints of the demonstrator, are
still challenging questions and invite further experiments in the future.

Further studies need to investigate also to what extent the respective propen-
sities and skills of dogs originate from their ontogeny and domestication, and to
what extent they lie in their much more distant past. The common ancestor of dogs
and wolves seem to have at least the same imitative abilities as dogs, and in
manipulative problem solving situations with a conspecific demonstrator wolves
may even outperform dogs. Given wolves’ fine-grained and complex social life
and their dependency on coordinating their actions with pack members during
rearing of young and hunting, this is not surprising (Range and Virányi 2013) but
also (Range and Viranyi 2012). This does not change the fact, however, that dogs
are special animals, both in terms of their evolutionary history of domestication,
and the range and intensity of their developmental training by humans. It will be
an exciting scientific enterprise to figure out in what way these factors enhance the
attentiveness of dogs towards humans and conspecifics and their learning abilities.
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Chapter 5
Social Looking in the Domestic Dog

Emanuela Prato-Previde and Sarah Marshall-Pescini

Abstract The study of dog social cognition is relatively recent and is rapidly
developing, providing an interesting and multi-faceted picture of our ‘‘best
friend’s’’ sociocognitive abilities. In particular, since Miklósi et al.’s (2003)
seminal work ‘‘A simple reason for a big difference: wolves do not look back at
humans, but dogs do’’, there has been a surge of interest in the area of dog–human
communication. In the current chapter we focus on dogs’ comprehension of the
human gaze and their ability to use human-directed-gazing as a communicative
tool. We first review studies on the social significance of human eye contact for
dogs, their understanding of eyes as indicators of attention, and their ability to take
another’s visual perspective into account. We also consider dogs’ understanding of
human eye-gaze as a communicative act, in terms of its potentially referential
nature and as an ostensive cue signalling the communicative intent of the actor.
We then move on to review studies on dogs’ human-directed gazing behaviour,
discussing whether it may be considered part of an intentional and referential
communicative act, what the underlying motivations and contexts in which this
behaviour is exhibited may be, and what variables affect its occurrence. Where
open questions remains, we outline current debates and highlight potential
directions for future research.
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5.1 Introduction: Dogs’ Scientific Renaissance

Dogs were likely the first animals to be domesticated and they have shared a
common environment with humans for longer than any other species (Vilà et al.
1997; Bokyo et al. 2009; Pang et al. 2009; vonHoldt et al. 2010; Ding et al. 2012;
Larson et al. 2012; Druzhkova et al. 2013; Wang et al. 2013). At present, they are
almost omnipresent in human lives and undoubtedly have a unique relationship
with humans, which has been described since ancient times by poets, writers, and
artists. Interestingly, the long history of proximity and closeness between dogs and
humans has been one of the main reasons why dogs have been widely snubbed and
regarded as an ethologically ‘uninteresting’ species and have only recently become
subjects of scientific inquiry in the field of comparative cognition (Miklósi et al.
2004; Miklósi 2007).

In the last 20 years dogs have seen a ‘scientific renaissance’, with a sudden rise
in the number of published studies on canine cognition (Cooper et al. 2003;
Miklósi et al. 2004; Bensky et al. 2013). This new wave of canine cognition
research has transformed the initially ‘uninteresting’ dog into a fascinating model
for evolutionary cognition research and for the investigation of the building blocks
underlying mental abilities in animals, particularly those involving social cogni-
tion (Miklósi et al. 2004). From these studies it emerges that dogs’ success as
domestic animals and their capacity to become ‘‘man’s best friend’’ are rooted in a
wide range of social skills and competencies that allow them to engage in complex
communicative, relational, and cooperative interactions with humans (Miklósi and
Topál in press).

Recently, Bensky et al. (2013) reviewed the literature on dog cognition, iden-
tifying a number of different areas in which there has been active empirical
research. Following the taxonomy proposed by Tomasello and Call (1997), these
authors grouped studies on dogs’ cognitive abilities into two broad categories,
defined mainly in terms of the function of the cognitive processes involved:
physical cognition and social cognition. According to this classification, studies on
dog physical cognition investigate how dogs perceive and interpret non-social
stimuli to make sense of their physical environment, thus focusing on different
topics such as discrimination learning, object permanence, object learning, cate-
gorization and inferential reasoning, object manipulation, problem-solving, quan-
titative understanding, spatial cognition, and memory (see Bensky et al. 2013 for a
review). On the other hand, studies on social cognition have focused on under-
standing the dog’s social world and social knowledge, investigating what dogs
know about others (whether conspecific or human) and how they acquire such
knowledge. Therefore, research on dog social cognition covers a wide range of
topics dealing with social phenomena ranging from recognition and categorization
of conspecifics and humans (Faragó et al. 2010; Huber et al. 2013), perception of
their emotions (Nagasawa et al. 2011; Buttleman and Tomasello 2013; Merola et al.
2013b), the development and management of social relationships with humans (e.g.
Topál et al. 1998; Prato-Previde et al. 2003; Custance and Mayer 2012; Riemer
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et al. 2013) and conspecifics (see Bonanni and Cafazzo in press, Smuts in press for
recent reviews), the acquisition of new abilities through observation and interaction
with others (e.g. Poncrágz et al. 2003, 2004; Range et al. 2007, 2011; Kubinyi et al.
2009; Tennie et al. 2009), and all the different aspects of intraspecific and inter-
specific communication (e.g. Bradshaw and Nott 1995; Miklósi et al. 2000; Rossi
and Ades 2008; Horowitz 2009; Kaminski et al. 2011; Marshall-Pescini et al. 2012;
see also Bensky et al. 2013 and Kaminski and Nitzschner 2013 for recent reviews).

Although there is growing evidence that dogs’ social skills are in some respects
unique and probably contributed to turning dogs into ‘‘man’s best friend’’ (Miklósi
and Topál in press), how these abilities evolved (Hare et al. 2002, 2010; Miklósi
et al. 2003; Udell et al. 2010; Viranyi and Range in press) and develop (Udell and
Wynne 2008, 2010; Wynne et al. 2008; Reid 2009; Hare et al. 2010), which are the
cognitive mechanisms underlying them (Elgier et al. 2012; Kaminski and Nitz-
schner 2013), and the relevance of such issues for the understanding of human
evolution (Hare and Tomasello 2005; Kubinyi et al. 2007; Topál et al. 2009; Hare
et al. 2012) are all matters of lively debate in the field of comparative cognition,
with a number of intriguing questions driving current research activities and dif-
ferent hypotheses being put forward.

In the current chapter, we present findings on dog–human communication, with
a focus on dogs’ ability to understand and respond to human gaze and to use
human-directed-gazing as a communicative tool during interactions; we discuss
the potential origins and factors affecting these abilities; and we discuss the evi-
dence regarding the complexity of such behaviour.

5.2 What’s in a Gaze? Dogs’ Understanding of Gazing

5.2.1 Social Significance of Eye Contact

For most non-human species direct (especially prolonged) eye contact is consid-
ered by the receiver as an aggressive threat (Emery 2000), although recent research
has suggested that the significance of direct eye contact may change during
development: for example, macaque mothers spend time gazing into their infants’
face/eyes in the first few weeks of their life (Ferrari et al. 2009; Simpson et al. in
press), despite the fact that as adults direct eye contact is mostly used as a threat in
this species.

A number of authors have suggested that one of the fundamental changes in
human evolution is the different functional role of direct eye-gaze, in that humans
may stare in someone’s eyes to threaten them, but also to show love and affection.
Indeed such a dual function of eye-gazing appears to be somewhat limited to
humans and a few other great ape species (Emery 2000), although in fact studies
directly investigating the function of eye-gazing in non-primate species are rare.
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According to Schenkel, wolves often use gaze to force others into subordination
and maintain their position in the group (Schenkel 1967; Fox 1971). Also in dogs,
prolonged and direct eye-gazing has been considered a threatening behaviour,
associated with agonisitic interactions (Bradshaw and Nott 1995). Hence in both
species, extended duration of gazing is often regarded as a form of ritualized
aggression, whereas averting the gaze indicates subordination (Scott and Fuller
1965; Fox 1971).

Although no studies have directly investigated if and how dogs (or wolves) use
direct eye-gaze in different contexts (i.e. agonisitic and affiliative), there is at least
one situation in which prolonged eye-gaze may be interpreted in an affiliative
manner i.e. whilst exhibiting a play bow. In this situation the actor normally looks
directly in the face of the individual being invited to play and the eye contact may
last a few seconds. Hence it would seem that dogs (and potentially wolves) may in
fact modulate the significance of a conspecific’s prolonged and direct eye-gaze by
varying the accompanying postures, and that it can hence be exhibited both in an
agonistic and affiliative context.

One potentially important question, therefore, is how dogs perceive a direct and
prolonged gaze, not by a conspecific but by a human being. Similarly to the
conspecific context, it would seem that a stare can be read as a threat in some
cases, since for example, gazing by the owner can trigger aggression in dogs who
have dominance-related problems with their owner (Line and Voith 1986). Indeed,
in a forced eye-contact test, in which dogs were gently held and a human looked in
their eyes attempting to maintain eye contact with them, it was found that they
would tolerate their owner’s direct eye contact significantly more than a stranger’s
(Hernádi et al. 2012). The fact that direct eye contact is tolerated more when
performed by a person with whom dogs have a strong bond suggests that, with
few or no other accopmanying signals, a direct gaze puts dogs in an uncomfortable
situation. Indeed, interestingly, it appears that a number of behaviours can affect
how a direct gaze is perceived. Vas et al. (2005; see also Vas et al. 2008; Gácsi
et al. 2013a, b) were interested in understanding how dogs would modify their own
behaviours in response to a human partner changing their behaviour from exhib-
iting a threatening to a friendly approach towards them (or vice versa). In both
cases, the experimenter approached the dog whilst maintaining full eye contact
with it as much as possible, but what varied were the accompanying behaviours: in
the ‘friendly’ approach the experimenter walked at a normal speed and talked to
the dog in a friendly tone of voice; whereas in the ‘threatening’ situation she
approached haltingly with the upper body bent forward, and in complete silence.
The dogs responded differently, with a more fearful (and in some cases aggressive)
response to the experimenter and increased heart rate (Gácsi et al. 2013a, b) when
she approached in a threatening way, but rapidly switching to a more relaxed
stance once the experimenter exhibited the friendlier behaviours.

Hence, it seems that dogs like many other species, may indeed consider direct
eye-gaze to be a threatening social stimulus, also when exhibited by humans,
however the interpretation of this cue appears to be dependent on which other
behaviours occur together with it.
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Considering the above, the next important issue is whether dogs’ flexibility in
understanding human eye-gaze is a specific adaptation to life with humans,
selected for during the course of domestication. In multiple studies involving
different tasks, young hand-reared wolf pups were significantly slower or more
reluctant to establish eye contact with a human than similarly-raised dog pups
(Gácsi et al. 2005, 2009a; Virányi et al. 2008; see also Sect. 5.3.4 below). How-
ever, a wolf-dog comparison as regards the understanding of human eye-gaze is at
present difficult to evaluate since it is based on only one study. Adult wolves
presented with a stranger approaching either in a friendly or threatening manner
whilst maintaining eye contact (the same procedure adopted by Vas et al. 2005)
looked away from the approaching threatening stranger significantly faster than
dogs. However, unlike dogs they showed no signs of fearfulness or aggression
(Gácsi et al. 2013a, b), making any interpretation of the avoidance of eye contact
difficult. In the friendly approach, wolves and dogs behaved in largely similar
ways and both species behaved differently in the two contexts, which would
suggest that at the very least wolves were also capable of perceiving direct eye
contact differently in the two context. However, a more systematic comparison of
how direct eye-gaze is understood and used in different context both with con-
specifics and humans would help to tell us more about the potential changes
brought about by the domestication process to this basic, but important behaviour.

Aside from the emotional and social valence, eye-gazing can also deliver
important information as regards the gazer’s attentional state, the focus of their
attention, and, potentially, their communicative intent.

5.2.2 Do Dogs Understand that Eye-gazing Can Reveal
Something of the Gazer’s State of Attention? Do They
Know we can ‘See’ Them and Are They Sensitive
to Others’ Visual Perspective?

Only one study, to our knowledge, has investigated dogs’ understanding of their
conspecific’s attentional stance. Horowitz (2009) looked at whether dogs would
exhibit and modulate potential attention-getting behaviours such as paw, bump, or
bark in accordance with their partners’ attentional state in the context of play.
Indeed, the author found that play signals were sent nearly exclusively to forward-
facing conspecifics, whereas attention-getting behaviors were used most often
when a playmate was facing away. Furthermore, the forcefulness of the attention-
getter varied in accordance with the degree of disattention in the audience:
stronger attention-getters were used when a playmate was looking away or dis-
tracted, less forceful ones when the partner was facing forward or laterally. So
from this study it appears that dogs perceive something of the attentional state of
their conspecifics, although whether eye contact is used as a cue to attention has
not so far been investigated.
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In contrast to the paucity of studies with conspecifics, a number of studies have
been carried out investigating dogs’ understanding of human attention. In an
experimental paradigm borrowed from the primate literature (Povinelli and Eddy
1996; Kaminski et al. 2004), researchers investigated whether dogs would beg
food more from a person who is looking at them or one who is distracted in
different ways (e.g. back-turned, reading a book, etc.). In most cases dogs, effi-
ciently chose the ‘attending’ experimenter (Gácsi et al. 2004; Virányi et al. 2004).
A second approach to investigating dogs’ understanding of human attention relied
on dogs’ obedience to human commands. In two studies, dogs were told not to take
food from the floor; following the command, the human either kept looking at the
dogs, or she was distracted, turned her back, or closed her eyes. Dogs obeyed the
commands more when the human was attentive and, impressively, they were also
capable of distinguishing between the eyes open versus eyes closed condition (Call
et al. 2003; Schwab and Huber 2006). Similarly, Virányi et al. (2004) asked dogs
to perform a set of training exercises—however, they imparted the commands
whilst directing the attention either to the dog, to another person in the room, to
neither, or whilst actually being on the other side of a barrier. Again the likelihood
of obedience was directly related to the attentiveness of the owner towards the dog.

In a twist to the ‘commands’ test, Bräuer et al. (2004) required dogs to refrain
from taking food from the floor. However, in this case the food was placed behind
three different barriers: a small, a large, or a transparent one. If dogs are sensitive
to the human’s visual access to the food they should choose to approach the food
behind the large barrier (which would be effective in avoiding detection), and,
indeed, this is what dogs did. This study suggests that dogs are not only sensitive to
whether humans are attending to them or not, but potentially also to the direction
of their attention—that is, to their visual perspective.

To investigate the latter issue in more detail Kaminski et al. (2009) set up a
familiar toy-retrieval game with dogs who normally engaged in these games at
home. However, in the experimental room in which the game took place, there
were always two toys placed in different locations behind barriers so that although
both toys were visible to the dogs, only one toy was visible to the experimenter.
When asking the dog to ‘fetch’, the experimenter gave no behavioural cues as to
which toy she was referring to. Results suggest that dogs appreciated the experi-
menter’s visual perspective despite the fact that it was different from their own,
since they mostly retrieved the toy which was visible to her.

In a final recent study dogs’ understanding of human eye-gaze was investigated
by attempting to address whether dogs actually understand what ‘seeing’ means.
Kaminski et al. (2013) presented a forbidden-food-on-the-floor test but with
another twist, since in this case what varied was the direction of the illumination:
in some cases the lamp illuminating the person was switched on, in other cases the
light was focused on the food, in yet further situations either both or none were in
the light. Control conditions were also carried out to check what dogs would do in
the different illumination conditions if the experimenter was not in the room. Dogs
hesitated longer before taking the food when the food was illuminated than when it
was not—irrespective of seeing the human. This result suggests that dogs may
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have some understanding that when the food and the area around it is illuminated
humans can see them, providing some evidence that dogs take into account the
human’s visual access to the desired food while making their decision to steal it.

As has been suggested by some authors (Bräuer et al. 2004; Bräuer in press),
dogs may ‘solve’ a number of these tasks by simply inhibiting their behaviour
when they see their human partner’s eyes. Indeed, considering that eye gaze in a
social context may be read as a ‘threat’, in a ‘command test’ such as the food-on-
the-floor situation, such an avoidance strategy may come quite naturally to dogs.
However, what is interesting to note here is that in ‘begging’ paradigms, by
contrast, dogs choose the human partner whose eyes are in fact visible, suggesting
that they are indeed capable of reading the social message of human eye gaze in
different ways, depending on the contextual information. Furthermore, this par-
ticular criticism is not applicable to the Kaminski et al. (2013) study in which dogs
stole food if the food was in the dark irrespective of whether they could see the
person or not.

Another criticism raised against a number of these studies is that in most cases
results can be explained by dogs’ having learned from daily experience with
humans how to best obtain what they want in a specific context (Udell et al. 2011).
For example, in the begging paradigm the scenarios which were more likely to be
familiar to dogs (e.g. the experimenter reading a book) were easier for them to
solve correctly than those which were likely to have been less familiar (e.g. a
person with a bucket over their head) (Udell et al. 2011). Although little is as yet
known of the mechanisms or the ontogeny of dogs’ comprehension of human
attention, a learned component is likely to play at least a part in its acquisition.
Notably, however, while this criticism is valid for experimental paradigms such as
the begging and obedience tests, it is less likely to explain the studies carried out
by Kaminski et al. (2009) involving the familiar ‘retrieval’ context but with
multiple barriers or the Kaminski et al. (2013) study, since it is unlikely that dogs
would have extensive experience of the different illumination or barrier combi-
nations presented in those studies.

Indeed what appears striking when putting all the evidence together is the mul-
titude of contexts and hence the flexibility that dogs seem to exhibit in their
understanding of human attention (Virányi and Range 2011); perhaps this suggests
that rather than simply responding to single cues or triggering stimuli which may
have been reinforced in the past, dogs have the capacity to extract knowledge from
their experiences and use this knowledge to solve novel social problems (Call 2001).

5.2.3 Can Dogs Follow Eye-gazing and Read this Behaviour
as a Referential Gesture?

As well as its use as indicator of whether another is attending or not to a given
situation, eye-gazing may also be used to infer the direction of another’s attention.
The functional relevance of this ability may be particularly important for social
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species, since it would allow an individual to gain valuable information about both
its social and physical environment (Emery 2000).

Multiple studies have been carried out on the abilities of various non-human
species to follow eye-gaze, and the list of species that appear to be capable of such
gaze following is constantly growing. At least three different types of gaze-fol-
lowing contexts can be identified: (1) gaze following into distant space; (2) gaze-
following around barriers (which has been shown only in the great apes—Bräuer
et al. 2005—and in two corvid species—Bugnyar et al. 2004 and Schloegl et al.
2008); (3) gaze-following to a specific target object, which appears to be the hardest
to master by non-human species (Call and Tomasello 2005). Considering that the
ability to gaze-follow in one context does not necessarily carry over to others, there
is growing evidence that these abilities actual tap into different underlying mech-
anisms (Povinelli and Eddy 1996; Tomasello et al. 1999; Triesch et al. 2007).

Unfortunately, gaze-following in dogs has been investigated almost exclusively
with a human as a demonstrator. The only report of conspecific gaze-following is a
conference abstract describing a comparative study carried out in dogs and wolves
living in packs where it was found that both species followed their partner’s gaze
into distant space (Werhahn et al. 2013). With human-reared wolves, gaze-fol-
lowing into distant space has been shown to occur both with conspecifics and
familiar humans from 14 weeks of age (Range and Viranyi 2011), although this
has not as yet been tested with dogs.

As regards gaze-following into distant space with humans as demonstrators, a
few more studies have been carried out with dogs, with mixed results. Agnetta et al.
(2000) tested dogs in a gaze-following task where a human experimenter turned her
head and looked at one of three predetermined locations (straight up, directly to the
left, or directly to the right of the dog) for approximately five seconds. The results
found that dogs did not reliably follow human gaze into distant space. However, in
the same study authors also used a two choice task—i.e. food was hidden under one
of two bowls equidistant from the human signal—and in one of the conditions the
demonstrator turned his head and looked at the correct bowl for 5 s. Interestingly, in
this case the dogs’ performance was above chance at the group level, with 7 of the
total 16 dogs also performing above chance at the individual level.

In a similar study, Soproni et al. (2002) also adopted a two-way choice task
with the demonstrator either turning her head and gazing toward the correct bowl,
turning her head and gazing above the baited bowl to the upper corner of the room,
or orienting her head and body to the midline facing the dog and turning only her
eye-gaze toward the correct bowl. Results showed that whereas dogs followed the
referential head- and eye-gaze directed to the bowl above chance, they did not do
so in the other two conditions.

Overall, it appears that whereas dogs have difficulty in following eye-gaze into
distant space, in the two-way choice task, they appear to be able to use eye-gaze to
infer where the hidden food is located. Indeed, even puppies of between 9 and
24 weeks of age appear to be able to use gazing as a referential cue in a two-way
choice task, even if they find this cue much more difficult to follow than, for
example, pointing, or a combination of pointing and gazing (Hare et al. 2002). In
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fact, although it seems that dogs can use gazing as a referential cue, it appears that
the ease with which they do so is contingent on how it is presented, since Bräuer
et al. (2006) found that a continuous, prolonged gaze directed at the bowl was
easier for dogs to follow than more rapid alternating glances between the object
and the subject.

The importance of contingent cues is confirmed by a more recent study, using
an innovative eye-tracking methodology, in which researchers showed that dogs
could reliably follow human eye-gazing in a two-way object choice task (see also
Rossi et al., this volume). Importantly, dogs did so significantly more if the ref-
erential gesture was preceded by direct eye contact between the demonstrator and
the dog, and accompanied by the use of the dog’s name in a high-pitched tone of
voice (Teglas et al. 2012). According to these authors, the direct eye contact
exhibited by the demonstrator prior to the referential gestures set the communi-
cative context between the human and dog, hence alerting the latter that the
subsequent actions were intended for them. In other words the eye contact acted as
an ostensive cue (see Sect. 5.2.4).

Taken together, dogs’ gaze-following abilities in a referential context, coupled
with the preliminary report that dogs can follow conspecific eye gaze into distant
space, suggests that, this ability is present in dogs. It is more likely that meth-
odological issues in the experimental setup of the two studies finding no human
gaze-following affected the results. Future studies on this topic will be necessary to
draw final conclusions on this issue. Still, results suggest that dogs’ understanding
of eye-gaze includes a perception of its directionality and potentially an under-
standing that eye-gazing can be referential.

5.2.4 Do Dogs Understand that Eye-gazing May be Used
as an ‘Ostensive Cue’ to Signal a Communicative
Context?

One of the most interesting aspects emerging from recent research on dog–human
communication is the possibility that like human infants, dogs may be sensitive to
‘ostensive cues’. Ostensive cues in adult-child dyads are communicative signals
such as direct eye contact and body orientation as well as the use of motherese and
the child’s name, which have the function of alerting infants that a ‘learning
context’ is being set up, and hence assisting them in the social learning process
(Nielsen 2006; Brugger et al. 2007; Southgate et al. 2009; Csibra and Gergely
2011). Indeed, the use of ostensive cues by a demonstrator has been shown to
overide childrens’ own perceptions and lead them into making inefficient choices
by, for example, ‘over-imitating’: i.e., copying redundant actions (Nielsen 2006;
Brugger et al. 2007; Lyons et al. 2007, 2011) or carrying out ‘obvious’ errors in
their decision making process (Topál et al. 2008).

It has been proposed that dogs, potentially uniquely amongst non-human spe-
cies, also respond to human ostensive cues in similar contexts—although the
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functional relevance of these behaviours may be different (see Topál et al. in press
for a review). Support for this idea has been growing, as results have found that
dogs: show more search errors in A-not-B task when the demonstrator exhibits
ostenisve cues rather than other non-social attention getters (Topál et al. 2009a,
2010; Marshall-Pescini et al. 2010; Kis et al. 2012; Sümegi et al. in press); make
more counterproductive choices in a food quantity discrimination task when a
combination of communicative cues are used (Marshall-Pescini et al. 2012); and
follow pointing in a two-way choice task more accurately when they are preceded
by communicative cues (Kaminski et al. 2012).

What is striking is that in some cases dogs appear to rely more on the com-
municative cues delivered by a complete stranger (the experimenter) than their
own experience (Szetei et al. 2003; Erd}ohegyi et al. 2007; Topál et al. 2009a;
Kupán et al. 2011). For example, in a food-quantity discrimination task, although
the different size food plates are continuously visible during the demonstration,
dogs tend to choose the smaller one when their owner or the experimenter com-
municate a preference for it (Prato-Previde et al. 2008; Marshall-Pescini et al.
2011; Horowitz et al. 2013).

Exactly what mechanisms are responsible for the powerful social influence
effect shown by humans’ communicative cues on dogs’ choices is still a matter of
debate (Topál et al. 2009a, 2010; Marshall-Pescini et al. 2010; Kis et al. 2012),
however what is perhaps more interesting for the purpose of this chapter is to note
that various studies converge in suggesting that direct eye contact appears to be
one of the most potent communicative cues that dogs rely on (Kaminski et al.
2012; Marshall-Pescini et al. 2012; Teglas et al. 2012).

Overall, it would seem that dogs have a rather sophisticated understanding of eye-
gazing. Although there are relatively few studies focusing on dogs’ understanding of
conspecific eye-gazing—this area needs more attention in the future—their under-
standing of human eye-gazing is rather impressive. Dogs appear to perceive that eye
contact may be used to convey emotional and socially relevant information in the
dyadic context, and that its valence as a threatening or affiliative signal may change
depending on the behaviours that accompany it. Furthermore, dogs also seem to be
able to use human eye-gaze referentially (although with more difficulty than
pointing), suggesting that they may understand that eye-gaze can be used to direct
attention to a target. Finally, a few studies suggest that human eye-gazing is also an
important attention-getter in dog–human communication and that it may serve to
alert dogs when human communication is intended for and directed at them.

5.3 Looking at Humans: How, When, and Why Dogs
Engage in Looking Behaviour

In humans and other animal species intraspecific communication occurs in a
variety of different situations, involves the use of a range of observable behaviours,
and in general takes place between conspecifics. However, dogs’ natural habitat
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has particular features which requires members of this species to communicate
with human beings regularly and effectively. During everyday social interactions
with humans, in addition to responding to human communication, dogs also
spontaneously and actively communicate with humans through a variety of signals,
including gazing, different types of vocalizations, and other behavioural actions
(e.g., running back and forth, touching, and assuming specific body postures).
These behaviours, besides expressing internal emotional and motivational states,
seem to be aimed at achieving specific goals, such as initiating play, going for a
walk, or obtaining a person’s attention, help, or comfort.

In the past dog–human communication received little scientific attention (e.g.
Warden and Warner 1928; McConnell and Baylis 1985; Mitchell and Thompson
1993), but recently this issue has been more systematically investigated. Research
has considered different topics including: which signals dogs use and in which
contexts (e.g. Hare et al. 1998; Miklósi et al. 2000; Gaunet 2008, 2010; Kaminski
et al. 2011; Merola et al. 2012a, b, 2013a); to what extent evolutionary factors,
lifetime developmental experiences, and current living conditions affect dogs’
communicative skills (Miklósi et al. 2003, 2005; Marshall-Pescini et al. 2009;
Barrera et al. 2011; Gaunet and Deputte 2011; Passalacqua et al. 2011, 2013); and
how complex the mechanisms underpinning dogs’ human-directed communication
may be (Bentosela et al. 2008, 2009; Elgier et al. 2009a, b). Concerning the latter,
specific attention has been given to the issue of whether dogs’ communication
towards humans might be considered referential (i.e. about an event, an agent, or a
place) and intentional (i.e. in line with the social or spatial context) (Miklósi et al.
2000; Gaunet and Deputte 2011; Marshall-Pescini et al. 2013).

5.3.1 Looking Behaviour: Is it Part of a Referential
Communicative Act?

During communication, looking at others and alternating gaze between an observer
(whether conspecific or not) and a specific target are considered ways to initiate
communication by attracting and directing the audience’s attention towards a spe-
cific object or location (Gómez 1990, 1996). There is agreement that in apes, gazing
and even more so gaze alternation, in combination with oriented vocalizations and
different forms of ‘‘pointing’’ behaviours (gestures with whole hand and arm, body
orientation, and positioning), represent functionally referential and intentional
communicative behaviours (Call and Tomasello 1994; Leavens et al. 1996, 1998,
2004, 2005a, b; Gómez 2007). Similarly, the capacity to adjust gaze and other
communicative signals towards the recipient is interpreted as an indication that the
subject understands the partner’s role and importance in the communication process
(Cheney and Seyfarth 1990; Call and Tomasello 1994; Tomasello et al. 1994).

It has been proposed that for a communicative act to be ‘referential’ and
‘intentional’ a number of operational criteria should be satisfied (e.g. Leavens et al.
2004, 2005a, b). In particular, there is agreement that the communicating subject
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should (1) exhibit gaze alternation between its social partner(s) and distant or
inaccessible objects; (2) engage in behaviours clearly aimed at obtaining the
partner’s attention (e.g. vocalisations, body movements); (3) exhibit communi-
cative signals only if in the presence of an audience; (4) adapt communicative
behaviours to the attentional state of the audience; (5) show persistence in, and (6)
elaboration of, communicative behaviour when the partner is not attending or
responding.

So far, the above-mentioned criteria have been established in human infants
(Tomasello 2008) and in apes (Leavens et al. 2004, 2005a, b; Cartmill and Byrne
2007, 2010; Roberts et al. 2013), but, as outlined below, a number of recent studies
suggest that at least some of these may also be fulfilled in dogs’ communicative
interactions with humans.

Most evidence relative to human-directed looking behaviour and gaze alter-
nation has been reported in two different situations: when dogs are unable to obtain
a reward located in an out-of-reach position (e.g. Hare et al. 1998; Miklósi et al.
2000; Gaunet 2008, 2010; Gaunet and Deputte 2011), and when they are presented
with a difficult or unsolvable problem (e.g. Miklósi et al. 2003; Marshall-Pescini
et al. 2009, 2013; Passalacqua et al. 2011, 2013).

For instance, Miklósi et al. (2000) addressed the issue of whether and how dogs
use gaze and gaze alternation to communicate. They grouped dogs’ indicative
behaviours (e.g. looking at an external referent, gaze alternation, jumping, running
back and forth, etc.) and introduced the term ‘‘showing behaviour’’ as a com-
municative act with a directional component related to an external target and an
attention-getting component aimed at attracting the social partner’s attention. The
authors tested dogs in three different conditions in which the presence of the
human and/or the hidden object was manipulated to assess under what conditions
‘showing’ behaviour emerged and to differentiate between motivational and ref-
erential components of dogs’ signals (Marler et al. 1992). It emerged that when
both the food and a naive owner were present, ‘looking’ behaviour towards the
owner and the location of food were more frequent, and gaze alternation between
them emerged. Vocalisations were also observed to be an integral part of gazing
behaviour, since they were always associated with gazing (at the owner or at the
location of the hidden food).

Similar results have been recently reported by Gaunet and Deputte (2011) who
found that besides using gaze and gaze alternation dogs can provide information
about the location of a desired object by using the position of their body: namely,
by standing in close proximity to it while signalling to the human. Interestingly,
this shows that apart from using an individual (human or dog)’s body location as a
local enhancement cue (Udell et al. 2008a), dogs may be able to use their own
body position and orientation as an intentionally communicative cue. How flexibly
dogs can use this behaviour, and in what contexts, remains to be tested.

Another situation in which dogs have been observed to use gaze alternation also
accompanied by different attention-getters, is the ‘unsolvable task’ paradigm, in
which an initially accessible apparatus containing food becomes impossible to
access (Miklósi et al. 2003; Gaunet 2008; Marshall-Pescini et al. 2009). Taken
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together, these studies provide coherent evidence that dogs use gaze and gaze
alternation to communicate with their human partners when confronted with a
distant or inaccessible object or food source they desire; it also emerges that dogs
can combine looking behaviour with other ‘indicative’ cues, and that these cues
can be preceded by apparent attention-getting signals, fulfilling at least the first
two criteria for intentional referential communication (Leavens 2005a).

Recently Gaunet (2010) also tested whether dogs would show elaboration and
persistence in their communication (criteria 5 and 6). As with other studies, dogs
were given the possibility of ‘showing’ where their favourite toy had been hidden.
However, on some occasions the receiver of their communicative act would
retrieve and give the dog an unfamiliar and uninteresting object instead of their
favourite toy. Hence in the latter case the dogs’ communication was unsuccessful,
since it did not result in the desired outcome. In this study, dogs exhibited per-
sistence in (although not elaboration of) their ‘‘showing’’ behaviour when their
attempts to ‘manipulate’ the human partner failed (therefore fulfilling criterion 5).
To our knowledge this is the only study investigating the possibility of elaboration
and persistence of these behaviours in a communicative settings; hence, results can
only be considered preliminary.

Significantly more attention has been given to whether dogs can also modulate
their communicative behaviours in accordance with the presence or absence of an
audience and perhaps more importantly taking into account the audience’s atten-
tional state.

5.3.2 Do Dogs Adjust Gazing (and Showing) in Accordance
with Their Human Audience?

A key issue in social cognition research is the relationship between communication
and cognitive skills, and in particular the extent to which communication is
influenced by the presence of an audience and varies according to its character-
istics (Marler et al. 1986; Cheney and Seyfarth 1990; Evans 1997; Tomasello and
Call 1997; see operational criteria 3 and 4, Sect. 5.3.1). In particular, the ‘audience
effect’ provides evidence that an individual has some understanding that others
play a role in the communication process, by recognizing for example that: (1)
there must be an audience to which the behaviours can be directed; (2) the
audience must be attending to the message; and (3) information provided should
take into account the state of knowledge of the audience, which may vary
according to circumstances (Cheney and Seyfarth 1990; Call and Tomasello 1994;
Tomasello et al. 1994).

So far a number of studies have evaluated whether and to what extent dogs’
gazing and communicative behaviour is influenced by a human partner’s presence,
their attentional state, and their state of knowledge (Hare et al. 1998; Miklósi et al.
2000; Gaunet 2010; Topál et al. 2006; Virányi et al. 2006; Gaunet and Deputte
2011; Marshall-Pescini et al. 2013), providing mixed results.
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The first study looking at this question (Hare et al. 1998), with only two dogs,
showed that these dogs exhibited more communicative acts as regards the location
of the hidden food in the presence than in the absence of an audience, but found no
evidence that they would adapt their communicative behaviour to the audience’s
attentional state (i.e. facing the dog, back turned, eyes covered). With a slightly
larger sample (n = 10), Miklósi et al. (2000) found that, in a food hiding situation,
dogs used gaze and gaze alternation significantly more when in the presence of
both a human partner and the hidden food than when left alone in the presence of
the food. However, the authors did not test whether dogs could modify their
behaviour in accordance with the audience’s attentional state.

Gaunet (2010) adopted another approach to investigate the same issue, com-
paring the communicative behaviour of guide dogs for the blind and pet dogs when
tested with their blind or sighted owners in a play session based on a ‘fetch’ task.
The authors suggested that if guide dogs appreciated something of the visual status
and abilities of their human partners, they would behave differently from pet dogs
and adapt their behaviour in accordance with the visual abilities of their audience
(e.g. reducing gazing behaviour to attract attention and increasing the emission of
sounds and contacts). They found no group differences in communicative
behaviour between guide dogs and pet dogs towards their respective owners, thus
concluding that in their experimental setting guide dogs did not show sensitivity to
the blind owner’s visual attentional state (criterion 4, Sect. 5.3.1). Though this
finding is in line with previous ones in showing a very limited sensitivity of guide
dogs to their human partner visual status (Gaunet 2008; Ittyerah and Gaunet 2009),
a number of explanations are possible (Ittyerah and Gaunet 2009; Gásci et al.
2004) and, among these, the fact that guide dogs are raised and in general continue
to be surrounded by sighted people may have affected their performance.

In a later study the same author and colleagues (Gaunet and Deputte 2011)
tested pet dogs in a hidden object paradigm, varying the location of the audience
by placing barriers in the room in which the object was hidden. Results showed
that besides signalling the presence of the out-of-reach object, dogs also adjusted
their position so as to adopt the optimal location which allowed them to alternate
their gaze between the hidden object and the owner, and insured that the owner
would be in a position to direct their gaze to the hidden object. In sum, dogs
adjusted their behaviour to the human recipient’s point of view.

The possibility that dogs adapt their behaviour according to the state of
attention of a human partner was also investigated recently by Marshall-Pescini
et al. (2013). In particular, these authors evaluated whether dogs and toddlers
adjusted their human-directed gazing behaviour and gaze-alternation depending on
the attentional state of the audience using an unsolvable task paradigm and
varying, in the crucial unsolvable trial, the attentional stance of the audience
(facing versus back turned). Both dogs and toddlers increased their gaze alterna-
tion between the apparatus and the caregiver when the task became unsolvable.
Both also preferentially directed their gazing behaviour towards the attentive
audience, suggesting a basic understanding in both species that, for their
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requesting gesture to be effective, the audience needed to be looking towards them
and the object of interest.

Only two studies, to our knowledge, have evaluated whether dogs take into
account the state of knowledge of the audience (which may vary according to
circumstances) when providing information, by testing whether dogs are capable
of adapting their behaviour to what their audience knows when looking at humans
and exhibiting ‘‘showing behaviour’’ (Topál et al. 2006; Virányi et al. 2006). Both
studies used an adapted nonverbal knowledge-attribution paradigm, originally
used with nonhuman primates—the ‘‘Ignorant–Helper’’ paradigm (Kaminski et al.
2008)—in which dogs must communicate with a human ‘‘helper’’ to obtain an out-
of-reach reward, and the helper’s state of knowledge is manipulated. Virányi et al.
(2006) presented dogs with conditions in which they had to discriminate between
what a person had, or had not, seen being hidden in a specific situation, and
compared their performance with that of two-and-one-half-year-old children. Both
a toy and a stick (necessary to retrieve the toy) were hidden in various out-of-reach
locations in a room; however, depending on the experimental condition, the dog’s
helper (i.e. the person who retrieved the object for the dog) could witness the
hiding of both, none, or only one of the two objects. The question was whether
dogs would be sensitive to what the helper had witnessed, and thus adjust their
communicative behaviour accordingly (i.e. looking at the location of the toy only
when the helper had not witnessed it being baited).

Results showed that infants were capable of discriminating between situations,
indicating the appropriate object in accordance with what the helper had or had not
witnessed. On the other hand, dogs hardly ever indicated the stick location,
preferentially indicating the toy location (Virányi et al. 2006). The dogs’ behav-
iour could be explained by the fact that, despite a pre-training phase, dogs failed to
appreciate the functional connection between the stick and the toy, thus consid-
ering the former barely relevant in the situation (whereas children would by this
age have had multiple experience with tools). Species difference in performance
could be also attributed to working memory problems in dogs or to a different
‘motivational value’ of the two goal objects (stick and toy), with dogs being over-
motivated to get the toy.

Interestingly, dogs, like children, signalled the place of the toy more frequently
if the helper had been absent during toy-hiding compared to those conditions when
she had participated in the hiding: thus, dogs apparently discriminated between
when the helper had or had not witnessed the toy being hidden and adapted
somewhat to the helper’s knowledge state, but there was less sophistication in
communication compared to infants. Again, though, as outlined by Virányi et al.
(2006), this performance could be explained at different levels, and a number of
more parsimonious explanations need to be ruled out before concluding that dogs
are able to attribute knowledge and ignorance to their human partners.

Overall, these findings indicate that dogs are sensitive to the presence or
absence of an audience when communicating, but provide mixed results on their
ability to take into account human attentional states. In particular, more studies are
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needed before it can be concluded that dogs are capable (or incapable) of attrib-
uting knowledge and ignorance to their human partners.

Taken together, the experimental evidence suggests the existence of some
behavioural flexibility in communication between dogs and humans, supporting
the idea that gaze alternation and showing behaviour may be considered inten-
tional and referential communicative acts. However, the relative paucity of studies
on dogs’ ability to adapt to their audience’s state of attention and knowledge, and
the mixed results emerging from this literature, mandates a note of caution as to
the depth of dogs’ underlying comprehension of their communicative actions.

5.3.3 What Do Dogs Want When They Look at us?

Given all the studies mentioned above, perhaps the most intriguing outstanding
question is what dogs want, or in other words, what dogs might be ‘saying’
through looking at us? There are number of possible answers to this question,
although there has been little systematic research trying to tease them apart.

The simplest explanation is that dogs use ‘looking’ as a way to obtain attention
from their human partners. Indeed, in a questionnaire asking what kind of
behaviours dogs used to get their attention, owners reported that ‘looking’ was one
of the more prominent ones (Mills et al. in press). However, the available evi-
dence, based on different experimental procedures, indicates that dogs also engage
in active communication with humans and look at them to request their inter-
vention when unable to obtain a desired goal. Interestingly, in these cases, dogs
seem to use gaze alternation (and not just direct gazing) to direct humans to the
object of their desire, suggesting there is both intentionality and referentiality in
the exhibition of this behaviour (see Sect. 5.3.1).

Another important function of looking is that of monitoring one’s own envi-
ronment to gain information prior to making a decision. Studies on free-rang-
ing dogs show that when a pack encounters another pack, a number of individuals
will confront the strangers by barking and moving forward, but they will look back
often to check the status of their companions (i.e. whether they are following or
not), and their decision to engage in a confrontation will be based on their partners’
movements as well as the size of the two packs (Bonanni and Cafazzo in press;
Bonanni et al. 2011). Thus, monitoring each other’s action is likely an important
behaviour for pack animals, since it allows behavioural synchronization, which is
necessary for cohesive action to occur. Something similar might also occur during
dogs’ interaction with humans.

Moreover, dogs are in general strongly dependent on their human partners,
establishing close bonds with them (Topál et al. 1998; Prato-Previde et al. 2003)
and, like infants and hand reared chimpanzees, dogs appear to use their caregivers
as a ‘secure base’ from which to explore the environment (Bard 1991; Palmer and
Custance 2008; Gácsi et al. 2013a; see Prato-Previde and Valsecchi in press for a
review). It is possible that dogs may especially look at humans to seek information
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about external objects or events in a context of uncertainty. There is evidence that
human infants at around twelve months of age (Mumme et al. 1966; Vaish and
Striano 2004; de Rosnay et al. 2006), and in some cases chimpanzees (Itakura
1995; Russell et al. 1997 but see Tomonaga et al. 2004), look at other individuals
more when facing unfamiliar situations that are difficult to interpret, and act in
accordance with the informer’s positive or negative emotional reactions. This
process has been dubbed ‘social referencing’. Social referencing, as other social
learning processes, is considered to be a useful and safe way to learn about the
outside world (Feinman 1982; Roberts et al. 2008). In fact, emotional cues not
only provide important information about the emotional states of others and the
likelihood of their future behaviour, but also about the nature of the environmental
events leading to such states.

To investigate the possibility that dogs may look at humans when facing an
ambiguous situation, and take into account the informer’s emotional cues and
behaviour, we borrowed a social referencing paradigm from the infant literature in
developing a series of studies (Merola et al. 2012a, b, 2013a). In the first study,
adult dogs were tested with their owner delivering either a positive or negative
message from a distance and then either approaching or moving away from a
potentially scary object (i.e. a noisy fan with ribbons flying around when acti-
vated). We found that the majority of dogs looked back to their human partner
when confronted with the strange object and chose to move forward or away from
it depending on the person’s movements, thus mirroring their owner’s behaviour.
Hence, dogs looked referentially towards their owner and there was evidence that
they synchronized their behaviour with him or her (Merola et al. 2012a).

In a subsequent study, we tested dogs with either their owner or a stranger,
acting as the informant and delivering either a positive or negative emotional
message using only facial and vocal expressions (rather than also approaching or
withdrawing from the object). As is the case with human infants, most dogs looked
referentially at the human informant regardless of her identity; however, they
based their decision on whether to approach the potentially scary object on their
owner’s, and not the stranger’s, emotional message (Merola et al. 2012b).
According to a number of authors (e.g. Stenberg 2003; Walden and Geunyoung
2005; Stenberg and Hagekull 2007), looking at a stranger as much as at a familiar
caregiver in a social referencing paradigm indicates that looking behaviour under
ambiguous conditions cannot be considered just a form of comfort seeking (due to
the activation of the attachment system); rather, it indicates a search for infor-
mation about the specific context. The recognition of the valence of the owners’
message is probably based on dogs’ daily experience with the owner. This inter-
pretation is supported by another recent study in which dogs showed recognition of
positive but not negative emotions, and did so only when the owner, not a stranger,
was expressing it (Merola et al. 2013b).

Overall, these social referencing studies suggest that in a context of uncertainty,
most dogs look at their owners (but also a stranger) and monitor what humans do
before deciding on their own course of action. However, dogs’ reduced synchro-
nization to the stranger’s emotional cues remains open to interpretation, since it is
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unclear whether it is due to their inability to comprehend the stranger’s emotional
communication or whether the dog’s willingness to modify their own behaviour is
tied to their relationship with the person. This will be an interesting avenue for
future studies.

Finally, at least in principle dogs might engage in communication with humans
to provide information. In fact communication can be initiated also with the aim of
informing others—providing them with information when they need it (Tomasello
2008). Human infants, unlike chimpanzees, engage in cooperative communication
from a very early age, even when doing so has no direct benefit for themselves
(Liszkowski et al. 2006, 2008; Bullinger et al. 2011).

The possibility that dogs might use gaze to provide information to humans even
without any direct benefit for themselves has been investigated in a study by
Kaminski et al. (2011), who tested the occurrence and the flexibility of ‘‘showing’’
behaviour in situations in which the hidden or out-of-reach object was of interest
either only to the dog, only to the human, or both. Based on the dog’s showing
behaviour, the human partner found the target object more frequently in situations
where dogs requested their own preferred object than in situations where the
information was relevant only to the human. This confirms that dogs can show
communicative behaviour, including gazing and gaze alternation, to request access
to a toy they themselves desire, but provides no evidence that dogs are capable of
informing a human of the location of the object that only the human desires.

The lack of flexibility exhibited by dogs in this study may support the notion
that gaze alternation is a behaviour elicited by specific trigger situations as a way
to use humans as social tools to obtain a desired goal, and that dogs have learned to
do so during their daily interactions with people. However, further research will be
necessary to probe the flexibility of dogs’ showing behaviour in different contexts,
and hence draw conclusions on whether it is in fact exhibited only in a ‘requesting’
context.

5.3.4 Nature and Nurture in Dogs’ ‘Looking’ Behaviour

It has been suggested that human-directed gazing represents a foundation on which
dog–human communication evolved, and that dogs’ propensity to look at humans,
or to quickly learn to do so, represents a behavioural feature that distinguishes
dogs from wolves, emerging during the course of domestication (Miklósi et al.
2003; Kubinyi et al. 2007; Virányi et al. 2008; Gácsi et al. 2009a, b).

On a number of tasks—for example in two-way choice pointing tasks (Virányi
et al. 2008; Gácsi et al. 2009a, b), and a task in which animals were reinforced for
looking into a person’s face—young hand-raised wolf pups were significantly
slower to initiate or maintain eye contact with humans compared to similarly-
raised dog pups (Gácsi et al. 2005). This difference was maintained also as
juveniles (Gácsi et al. 2009a, b). Furthermore, when young hand-reared wolves
and dogs were presented with a task which after being accessible became
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unsolvable, wolves tended to work independently and tried out different strategies,
whereas dogs looked towards their human partner sooner and for longer than
wolves (Miklósi et al. 2003).

Recently, Smith and Litchfield (2013) used the same unsolvable task to test
dingoes (Canis dingo). Dingoes are interesting subjects within the framework of
the ‘domestication debate’, since they arrived in Australia between 3500 and
500 years ago, are thought to have evolved from very early domestic dogs of East
Asiatic origin (Savolainen et al. 2002, 2004), and, since their arrival in Australia,
have had no further direct selection pressures from indigenous Australians (Smith
and Litchfield 2009). Hence, dingoes may be able to tell us something of the
effects of domestication without the subsequent ‘interference’ of direct selection
for specific breed characteristics.

In Smith and Litchfield’s (2013) study, based on Miklósi et al. operational
definition of ‘‘looking back’’, dingoes looked back at the experimenter earlier
compared to both dogs and wolves, though they used fleeting glances more
similar to those used by wolves than by dogs. However, when applying a
restrictive and more context specific definition of ‘‘looking back’’, no evidence of
looking back in dingoes emerged. This finding raises important methodological
issues on the measurement of ‘‘looking back’’ behaviours but leaves open the
question of whether it was the process of domestication or the subsequent sys-
tematic process of breed selection that had a stronger effect on the emergence of
looking towards humans for information. Indeed a number of studies have shown
significant breed differences in gazing behaviour, suggesting that more recent
artificial selection has had a fundamental impact on its emergence (Jakovcevic
et al. 2010; Passalacqua et al. 2011).

Jakovcevic et al. (2010) compared three breeds of dogs, retrievers, German
shepherds and poodles, in the acquisition and extinction of gazing behaviour in a
situation in which food was in sight but out of the dogs’ reach. They found that,
with or without any previous training, retrievers took longer to extinguish the
gazing response compared to the other groups.

Passalacqua et al. (2011) used the ‘unsolvable task’ paradigm to investigate the
effect of breed (and also age and experience) on human-directed gazing behaviour
in three different breed groups: ‘primitive’, ‘hunting/herding’, and ‘molossoid’
(i.e. mastiff-types). They found no evidence of breed group differences at 2
months, but breed group differences started to emerge at 4.5 months and were
clearly evident in adult dogs, with dogs in the hunting/herding group showing
significantly more human-directed gazing behaviour than dogs in the other two
breed groups.

Taken together these findings suggest that genetic changes occurred during both
domestication and artificial selection which have shaped dog’s human-directed
gazing behaviour, predisposing this species, and certain breeds selected for close
work with people in particular, for effective communication with humans. The role
of genes in human-directed gazing behaviour is further supported by a study by
Hory et al. (2013), providing evidence for an association between owner-directed
gazing behaviour in an unsolvable task and polymorphisms in the dog DRD4 gene.
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Looking behaviour in dogs and its occurrence are also influenced by ontoge-
netic factors and environmental and life experiences (Udell and Wynne 2010;
Passalacqua et al. 2011) including learning opportunities and training and living
conditions (Marshall-Pescini et al. 2009; Bentosela et al. 2008, 2009; Barrera et al.
2011). For example, Passalacqua et al. (2011) found that, independently from
breed group, at two months of age only about 50 % of the pups tested in an
unsolvable task showed looking behaviour towards humans. This tendency
increased with age, as 4.5-month-old pups used gaze more than two-month-old
ones, but less than adults, the latter being the fastest at looking back towards
humans for longer periods. These findings, like those that have emerged in the
‘‘response-to-human-cues’’ literature (Gácsi et al. 2009b), indicate that exposure to
a household environment and to humans may be a crucial factor for this behaviour
to emerge.

Perhaps not surprisingly, learning also plays an important role in the looking
behaviour of dogs, with a number of studies clearly showing that gazing is shaped
by reinforcement contingencies (Bentosela et al. 2008, 2009; Barrera et al. 2011).
For example, Bentosela et al. (2008), using a test situation involving food in sight
but out of the dogs’ reach, showed that gaze duration toward the experimenter’s
face significantly increased with just three reinforcement trials, and also quickly
diminished when it was no longer reinforced (‘extinction’). However, there were
differences between dogs living in shelters and pet dogs on this task, with shelter
dogs showing a shorter gaze duration and a faster extinction process when rein-
forcement was no longer provided (Barrera et al. 2011). This suggests that apart
from reinforcement schedules, different living conditions and life experiences may
affect this behaviour.

The latter point emerges also from a study comparing highly trained and
untrained dogs on the unsolvable task. Marshall-Pescini et al. (2009) found that
agility-trained dogs gazed longer at humans than dogs trained for search-and-
rescue, which in turn gazed longer than untrained dogs. Interestingly, dogs trained
for search-and-rescue were more prone to vocalize towards the owner when the
task became unsolvable. This pattern of results reveals that, although in neither of
the two training contexts dogs were specifically trained to look at their owner, the
type of experiences that dogs have whilst in the training context affect this
behaviour. Indeed, agility and search-and-rescue dogs differ in the amount of
physical closeness and independence and in the decision-making processes
required to carry out their respective tasks, as nicely reflected in the results.

Finally, a couple of recent studies have shown a relationship between gazing
behaviour towards humans and both sociability levels and anxiety in dogs. More
sociable dogs are more prone to use gaze to obtain out of reach food (Jakovcevic
et al. 2012), whereas dogs with anxiety-related problems exhibit different patterns
of human-directed gazing behaviour and gaze alternation compared to non-anxious
dogs when faced with an unsolvable task (Passalacqua et al. 2013). These studies
provide preliminary evidence that in dogs, just as is reported in humans (e.g. Iizuka
1994; Schneier et al. 2011; Wieser et al. 2009) gazing behaviour may be related
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to personality traits. This intriguing aspect could have practical applications but is
in need of further testing.

Taken together, these results clearly show that human-directed gazing is the
result of a complex combination of genetic and environmental factors. The pre-
disposition for an increased likelihood of gazing was probably inadvertently
selected for during the process of domestication, since looking at humans forms
the basis of any communicative act. Breed selection, especially in breeds required
to perform a close working or cooperative activity with humans, further shaped
this behaviour, resulting in noticeable differences between breeds. However, the
genetic predisposition is greatly affected by the social environment dogs are
exposed to. Exposure to a human household for just a couple of months signifi-
cantly increases the occurrence of this behaviour (Passalacqua et al. 2011) and
experiences such as specific training regimes can also modulate its frequency
(Marshall-Pescini et al. 2009). Future studies combining genetic and environ-
mental variables in systematic ways may reveal much of the flexibility of this
behaviour.

5.4 Conclusions

In the last 10 years, since Miklósi et al.’s (2003) seminal work ‘‘A simple reason
for a big difference: wolves do not look back at humans, but dogs do’’, there has
been an explosion of studies focusing on dogs’ communicative abilities. In this
chapter we reviewed studies focused on dogs’ understanding of the human gaze,
and how they themselves use gazing to communicate, especially with humans. As
regards dogs’ understanding of gazing, gathering evidence suggests that this sig-
nal, whether exhibited by conspecifics or humans, has no fixed meaning, and can
carry different meanings depending on the context and what other cues accompany
it. Dogs appear to be able to use human gazing as a referential cue, although there
is mixed evidence as regards their ability to follow human gaze into space and
around barriers. There is also evidence that dogs can use human eyes as a cue to
their attentional state, and in some (but not all) cases use them to perceive
another’s perspective. There is also some support for the idea that dogs use human
gazing as an ostensive cue, i.e. as a signal that a communicative interaction is
about to take place.

Considering the multitude of studies using different paradigms and the mostly
consistent results emerging from these, what is striking is the flexibility exhibited
by dogs in their understanding of the human gaze. Of course, there are still open
questions needing further investigation, especially as regards the origin and
development of such understanding: for example, to what extent dogs understand
and use their conspecifics’ gaze? Is the dog’s understanding of the human gaze a
recent adaptation or can it be found equally in human-raised wolves?

As regards dogs’ use of gazing behaviours towards humans, there is growing
evidence that dogs use this behaviour as a form of communication, first and
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foremost to gain their human partners’ attention. However, dogs’ use of gaze
alternation in a variety of contexts, showing elements of persistence if the desired
outcome is not achieved, exhibiting it whilst taking into account the line of sight
and in some cases the attentional state of the audience (and possibly their level of
knowledge), suggests that this behaviour can be considered both an intentional and
referential communicative act. Exactly in what contexts this is more likely to
occur and what the underlying motivations for social looking are, awaits further
investigation. Most studies converge on the fact that dogs show gaze alternation in
a requesting context when they seek to achieve a desired goal. However, dogs also
look to their human partners before approaching a potentially scary object and they
take into consideration their partner’s emotional and behavioural action in
deciding how to act. This suggests that looking towards humans may also function
as a way to monitor and synchronize their own response to the environment with
that of their partner. Yet dogs do not seem to be able to exhibit gaze alternation to
help their partner obtain their goal. Whether this is for a lack of understanding of
the other’s goal or a lack of motivation remains an open question.

Finally, studies comparing identically-raised wolves and dogs, different dog
breeds, using both behavioural and genetic methods and analysing the different
experiential factors, which may affect human-directed gazing behaviour, suggest
that this behaviour is the product of a combination of genetic and environmental
factors. Clearly the investigation of these aspects is still relatively limited and
future studies simultaneously analysing both will be needed to better understand
the interplay between them.
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Chapter 6
Visual Attention in Dogs
and the Evolution of Non-Verbal
Communication

Alejandra Rossi, Daniel Smedema, Francisco J. Parada
and Colin Allen

Abstract The common history of Homo sapiens and Canis lupus familiaris dates
back to between 11,000 and 32,000 years ago, when some wolves (Canis lupus)
started living closely with humans. Although we cannot reach back into the past to
measure the relative roles of wolves and humans in the ensuing domestication
process, it was perhaps the first involving humans and another animal species. Yet
its consequences for both species’ history are not completely understood. One of
the puzzling aspects yet to be understood about the human–dog dyad is how dogs
so readily engage in communication in the context of a social interactions with
humans. To be sensitive to the meaning of human speech and gestures, dogs need
to attend to various visual and vocal cues, in order to reconstruct the messages
from patterns of human behavior that remain stable over time, while also gener-
alizing to unfamiliar, novel contexts. This chapter will discuss this topic in light of
some of the recent findings about dogs’ perceptual capacities for social cues. We
describe some of the new technologies that are being used to better describe these
perceptual processes, and present the results of a preliminary experiment using a
portable eye-tracking system to gather data about dogs’ visual attention in a social
interaction with humans, ending with a discussion of the possible cognitive
mechanisms underlying dogs’ use of human social cues.
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6.1 Introduction

The eyes, according to proverb, are the windows to the soul. The more mundane
truth is that humans and many other social animals cannot help but indicate their
attentional and intentional states with their eyes. The eyes, of course, are not the
only source of such information; other cues such as head movements, changes in
body posture, and pointing gestures provide essential information for the everyday
lives of many social animals. Because vision is a primary mode by which the
members of many gregarious species detect social cues, as well as mediating their
goal-directed interactions with the environment, it is possible for observers to use
the overt eye movements of others as a proxy for their intentions and as cues
toward the location of significant objects (Shepherd 2010). As scientific observers,
we may exploit the importance of eye movements to improve our understanding of
the mechanisms of social perception by studying where species look for relevant
information when performing a given task. Advances in the study of comparative
cognition can be achieved by combining behavioral tasks with techniques coming
from the cognitive and neural sciences, and in this chapter we describe the work of
our group in applying eye-tracking technology to the study of how dogs use cues
provided by humans.

Because of their long history of domestication, dogs present a very important
model for making progress in understanding the evolution of social cognition.
Technological progress toward capturing the dynamics of dog–human interactions
could provide a very productive means of furthering this understanding, as well as
furthering the aims for integrative ethological work described by Tinbergen
(1963). We have been developing a fully portable eye-tracking system for use with
dogs that provides excellent opportunities for gathering data about the abilities of
dogs to read human social gestures. In this chapter we describe the technological
and methodological challenges presented by our attempt to develop and use the
eye-tracking system, and we describe some preliminary results, which should
encourage further exploration of these techniques.

Before getting into the details of our methods and results, it is useful to
highlight the significance of studying the relationship between humans and dogs
for understanding the evolution of social cognition by outlining the likely events
that led to this long-standing relationship. The history between dogs (Canis lupus
familiaris) and humans (Homo sapiens) represents what is almost certainly the
longest, closest ongoing relationship humans have ever had with another species of
mammal. Dogs were the first species to be domesticated by humankind (Clutton-
Brock 1995; Davis and Valla 1978; Hemmer 1990; Vila et al. 1997). A proto-dog
(an early version of dogs) lived in a close relationship with humans even before
they were a ‘properly’ domesticated species. That is, some members of Canis
lupus were most probably cohabiting with humans, even before humans started
exerting conscious control over their diet and reproduction. This close relationship
resulted in genetic, behavioral, morphological and physiological changes that were
passed on to subsequent generations (Diamond 2002). The relationship has been so
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close that dogs have evolved in ways that range from acquiring the ability to
metabolize carbohydrates, as a result of being permitted to eat human food (Ax-
elsson et al. 2013), to the ability to use human gestures in way that has no
equivalent in the animal kingdom (e.g. Hare and Tomasello 2005; Miklósi et al.
2005; Soproni et al. 2001, 2002) (see also Prato-Previde and Marshall-Pescini, this
volume).

Only recently have researchers started paying attention to the full range of
implications of the long relationship between dogs and humans. One reason for
this may be that dogs were often dismissed as ‘‘artificial’’ or ‘‘unnatural’’, thus not
worthy of serious attention from behavioral biologists. However, researchers have
started to realize that the domestic dog is a unique yet informative case in nature
and have begun to investigate its particularities.

Our focus is on the implications of this relationship for social behavior and
cognition. Dogs have become keen observers of human movements and gestures.
But importantly, in order for dogs (or any species) to be able to understand or
make use of another species’ movements and gestures, they have to selectively
allocate perceptual and cognitive resources to the detection and processing of
particular social aspects of the environment (a process known as orienting of
attention). Dogs are especially capable of utilizing human pointing gestures and of
following our eye-gaze direction. To be able to use these cues efficiently, indi-
viduals must be able to exploit their referential nature. Pointing with hands or
looking in a particular direction does not have an intrinsic value or meaning in the
world; rather these actions allow perceivers to orient their attention to specific
environmental cues within the particular context of a social interaction.

To arrive at an understanding of how humans and dogs have managed to
achieve such tight social coordination, it is necessary to talk about the process of
domestication. The exact period of time, the location or locations of dogs’
domestication, and the reasons behind it are matters of substantial debate in the
scientific community (Driscoll et al. 2009; Hare and Tomasello 2005; Larson et al.
2012; Serpell 1995). Nevertheless, one thing that most researchers do agree on is
that dogs are so closely related to gray wolves (C. lupus) that they most probably
come from them (Clutton-Brock 1995; Driscoll et al. 2009) (but see Koler-
Matznick 2002, for an argument that Canis familiaris did not descend from C.
lupus). There is widespread acceptance, along the way, of the likelihood of the
existence of several independent centers of dog domestication beginning in the
Late Pleistocene (126,000–11,000 years ago) and early Holocene
(11,000–5,000 years ago) (Crockford and Iaccovoni 2000). This is especially
relevant if we take into account that the emergence of dogs as an identifiable
subspecies is estimated to have occurred between 32,000 and 12,000 years ago.
The later part of this range (from 12,000 years ago) coincides with the Neolithic
revolution in which humans started to settle down, slowly changing the hunter-
gatherer lifestyle to a more sedentary one (Bar-Yosef 1998; Weisdorf 2005). In
that respect, as the first domesticated animal species, dogs were probably a stra-
tegic factor in this process, since it has been suggested that dogs helped modern
humans in hunting and herding, as well as in defending territory, searching and
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guiding—in addition to being eaten in some cultures (Lupo 2011; Ruusila and
Pesonen 2004). Humans, in turn, might have provided a secure source of food to
dogs.

The fact that dogs adapted to the human environment in such a distinctive way
allows us to explore whether the basis of human–dog social interactions can be
informative about the evolution of relevant aspects of sociality such as commu-
nication and cooperation. Because of the long history of domestication, dogs’
particular responsiveness to human words (Fukuzawa et al. 2005; Kaminski et al.
2004; Pilley and Reid 2011; Ramos and Ades 2012) and their apparent under-
standing of human emotional expressions (Buttelmann and Tomasello 2013;
Merola et al. 2012), it becomes possible to ask to what extent, if any, these
capacities are a case of convergent evolution, the process by which species that are
not closely related evolve similar traits as they adapt over time to similar eco-
logical and social environments. During the past 12–30,000 years dogs and
humans have helped to shape each others’ environments in ways that might also
have facilitated a co-evolutionary process. For example, playful interactions
between puppies and human children could scaffold developmental processes that
have strong implications for the evolution of both species’ social capacities.

There are several reasons to postulate why it would have been necessary for
organisms to develop a new set of social skills enabling them to predict and to
manipulate other agents’ behaviors (Shultz and Dunbar 2007). It is reasonable to
suppose that individuals benefit from creating, discovering, and taking advantage
of others’ solutions to ecological challenges (Barton 1996; Reader and Laland
2002). Thus, the particularly social way in which wolves (the most probable
ancestors of dogs) solve ecologically relevant issues such as foraging could be one
of the sources in which dogs’ communicative abilities are rooted. The evolution of
social and communication skills, and related cognitive abilities, has been related to
hunting patterns of a species (Bailey et al. 2013). The gray wolf is well-known as a
cooperative hunter. Hence, it has been suggested that the evident communicative
skills of dogs with respect to humans originates from wolves being able to
cooperate among each other to hunt (Hare and Tomasello 2005).

Wolves belong to the category of pack-living canids with gregarious but
independent natures (Koler-Matznick 2002). Though they live in packs of eight to
twelve animals (Clutton-Brock and Wilson 2002) it has been reported that they can
also live and survive independently of the group (Mech 1970, 2012; Sullivan
1978). Wolves and primates share a highly hierarchical social structure, but unlike
primates, only the dominant pair of the pack reproduces (Mech 1970) and most of
the time they do so for life (Clutton-Brock and Wilson 2002). Wolves hunt both
small and large prey (Clutton-Brock and Wilson 2002). As mentioned before, they
hunt large prey cooperatively (Clutton-Brock 1999; Olsen 1985) and they learn to
do so in their adolescence, which last up to 2 years (Koler-Matznick 2002).

Although it is difficult to determine the exact role of cooperative hunting, it is
believed that such hunting carried significant implications for the evolution of
sociality and cognition (Bailey et al. 2013). For instance, wolves have been shown
to coordinate their actions in order to fan out and encircle prey (Muro et al. 2011).
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The gray wolf also has highly developed reconciliation behaviors, very similar to
those seen in non-human primates (Palagi and Cordoni 2009). These reconciliation
behaviors would help to decrease aggression between group members and preserve
cooperative relationships and social cohesiveness (Cordoni and Palagi 2008; Pa-
lagi and Cordoni 2009), which in turn would increase the efficiency of cooperative
hunting (Bailey et al. 2013). Some biological models indicate, however, that
hunting both large and small prey provides evidence that wolves engage in both
cooperation and cheating (Packer and Ruttan 1988).

Cooperation and cheating both require a level of vigilance directed toward the
behavior of other group members. Therefore, the production of intentional signals
(i.e., intended communication) and unintentional signals (e.g. involuntary behav-
ioral cues) signals, and the ability to recognize such signals, probably plays a
crucial role in the decision-making process of group members (Bailey et al. 2013).

Taking this evidence as a whole, it is reasonable to conclude that for social
species that hunt cooperatively, a well-developed understanding of others’
behaviors is extremely important and probably advantageous (Bernstein 1970;
Moore and Dunham 1995).

Capacities such as responding differentially to facial expressions and paying
attention to another’s focus of attention can help an individual recognize, for
example, when another group member is seeing a predator or a prey approaching.
Similarly, attention to such cues allows organisms to predict each other’s behavior,
emotional state or intentions (Shepherd 2010).

Effective prediction of other organisms requires individuals to integrate dif-
ferent sensory information automatically through time. Understanding how the
information is integrated over time, therefore, is relevant to understanding the
basis of social cognition in different species. It is possible to study this issue in a
detailed way by making use of new technologies. Technological advances allow us
to study how salient environmental cues (e.g. information provided by movements
and gestures) are being used in many different modalities. Some of these advances
aim to integrate sensory information, getting us closer to studying sociality as it
occurs day to day. One example of such a technology is eye-tracking.

Eye-tracking technology allows researchers to access participants’ overt visual
attention (Duchowski 2007). Research using eye-tracking techniques has revealed
much about the cognitive processes underlying human behavior (e.g. Dalton et al.
2005; Felmingham et al. 2011; Gredebäck et al. 2009; Holzman et al. 1974;
Yarbus et al. 1967), and recently researchers in animal behavior have started to
make use of this method to answer questions regarding animals’ overt attention
(Kano and Tomonaga 2013; Teglas et al. 2012; Williams et al. 2011), with greater
accuracy than third-person perspectives (e.g. video-cameras and inferences from
subjects’ head orientation) (Duchowski 2007). It is worth noting that the use of
eye-tracking methods to study animal cognition is still quite preliminary. There are
a number of unresolved issues in expanding a technique developed for humans to
non-human animals. These include constraints related to calibration of the
eye-tracker system, and the lack of development of non-invasive and appropriate
gaze-estimation models for non-human species (Kjaersgaard et al. 2008).
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Other difficulties include getting a suitable and ecologically valid task for the
species, and being aware of possible anthropocentric interpretations of results.

Notwithstanding these issues, eye-tracking systems have been recently used in
comparative cognition research with nonhuman animals, primarily primates
(Hattori et al. 2010; Hirata et al. 2010; Kano and Tomonaga 2010, 2013; Machado
and Nelson 2011; Zola and Manzanares 2011) but also recently with dogs (Somppi
et al. 2011; Teglas et al. 2012; Williams et al. 2011). This research has produced
intriguing results. Using a video-based eye-tracker with a wide-angle lens, Kano
and colleagues (Kano et al. 2011; Kano and Tomonaga 2009, 2013) recorded the
eye movements of great apes and humans. Their research suggests that these
species show similar visual scanning patterns for scenes and faces (particularly
eyes and mouth) with respect to both conspecifics and members of other species.
Differences were seen in fixation duration: shorter and stereotyped in apes, and
longer and variable in humans. Humans also present more frequent and longer
fixations to the eye region compared to apes. Similarly, Hirata et al. (2010) showed
that when presented with pictures of conspecifics’ faces, chimpanzees focus more
frequently and for a longer time on the eye region of the faces, but only for upright
faces in which chimpanzees had their eyes open (vs. inverted faces or pictures of
chimpanzees with closed eyes). By comparison, eye-tracking research on dogs is
still very preliminary. Somppi et al. (2011) trained their participants to stay still on
a cleverly designed apparatus that allows them to study a dog’s visual scanning
without the use of more constrictive methods. They showed that dogs are able to
focus their attention on informative regions of images displayed on a screen
without any task-specific pre-training. Interestingly, they also showed that dogs
seem to prefer looking at faces of conspecifics over other images (e.g. human
faces, objects) and that they fixate on a familiar images longer than on novel ones.
Similarly, adopting a system widely use in human and infant research measuring
responses to images on a screen, Teglas et al. (2012) showed that dogs’ use of
human cues is highly sensitive to the ostensive and referential use of the signals,
supporting according to the authors, the existence of a functionally infant-analog
social competence in both dogs and humans.

However, existing approaches to studying dogs’ visual attention suffer from
various drawbacks if one is interested in studying the naturalistic behavior of these
animals. For example, maintaining the animal’s natural mobility is important when
researchers aim to study behaviors in a naturalistic fashion; however, all eye-
tracking systems currently in use with dogs either inhibit the dogs’ movements in
some way, or limit the location and type of stimuli that can be presented to the
dogs (e.g. to those that can be presented on a video monitor).

Thus, although there is plenty of evidence supporting dogs’ skillfulness at
reading human gestures, there are still many open questions about how dogs
visually process human social cues. Such questions include: Where do dogs focus
their overt visual attention when presented with human gestures? How much does
familiarity with the human signaler modulate dogs’ visual behavior? How dif-
ferently do dogs scan pointing with the hand to an object versus head-gaze cues
directed at an object? Answering these questions will support several scientific
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objectives. First, it will allow detailed comparison of the visual behavior of dogs to
that of primates and thus to explore further the influence of domestication in the
evolution of the species’ social skills. Second, knowing whether dogs scan familiar
versus unfamiliar persons differently might influence the design of experiments
that tap into communicative skills of dogs. Finally, taking a step forward in
understanding the salient aspects of our own behavior for dogs might allow sci-
entists and engineers to tap into the properties that make the comprehension of
human commands and intentions possible for nonhuman forms of intelligence.
Thus, for example, a better understanding of the social-cognitive capacities of dogs
could support appropriate developments in robotics, where robots must detect and
respond to human social cues.

To start exploring these questions we made use of our head-mounted eye-
tracking system (described below) and the so-called object choice paradigm, a
well-known experimental paradigm that has been widely used with dogs (e.g. Hare
et al. 2002; Miklósi et al. 2005; Soproni et al. 2002). The object choice task
consists of giving a dog a choice between two cups—one of them containing a
piece of food or a preferred toy—and then directing the dog to the correct con-
tainer by human pointing gestures. We aimed to investigate, first, what are the
most salient regions for dogs when scanning human gestures, second, whether
familiarity modulates visual tracking in dogs and third, whether dogs’ abilities to
follow a pointing gesture is related to the kind of motion (head vs. arms). For this
preliminary study a familiar person (owner of the dog) and an unfamiliar person
(experimenter) displayed static distal pointing and head-gazing to signal to the
subject where a piece of food was hidden, while the dog’s overt visual attention
was monitored by a head-mounted eye-tracker system.

With fewer spatial and visual constraints than other methods, the use of head-
mounted systems such as ours might be especially relevant to the investigation of
the communicative and social behavior of canines and other animals in a natu-
ralistic setting.

Since our system allows the full eye-tracking system to be carried in a backpack
worn by the dog, the dog is able to move relatively freely. Mobility has the benefit
of capturing most spontaneous behaviors of dogs, albeit within the confined cir-
cumstances of a room in the lab (but see Fugazza and Miklósi, this volume, for
discussion of the naturalism of a lab for dogs). Despite the fact that movements are
confined to ‘‘indoor behavior’’—no rough-and-tumble social play, for example—
the freely-moving dogs in our experiments often changed direction abruptly,
affecting the stability of the system. It is important, nevertheless, to work with
freely-moving dogs because mobility brings the opportunity to study the full range
of dogs’ visual behavior before they make a choice. Decision-making in dogs
involves actions, which translate to movements. The system must be recalibrated
after every movement, contributing a source of noise that is sometimes impossible
to clean (thus decreasing the number of usable trials). Re-calibrating the system is
not difficult per se, though dogs do seem to lose motivation over time. Thus,
sessions have to be short in duration, including only few trials per session.
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In this preliminary study, the number of dogs providing usable data was limited
because of problems with camera and recording quality. More subjects need to be
run with the next-generation equipment, but we offer this study as a proof of
concept and illustration of the capacity to collect interesting new kinds of data
bearing on canine cognitive processes.

6.2 Eye-Tracking Study

6.2.1 Methods

Participants. Six privately owned pet dogs (5 females and 1 male, age range:
2–5 years old; breeds: mixed, American pitbull terrier, Akita mix, Shiba/terrier
mix and two schnauzer/poodle mixes) took part in this study. Dogs and their
owners were asked to visit the lab twice on different days, one for each experi-
mental session. All experiments were conducted at the Canine Behavior and
Cognition (CBC) Laboratory of Indiana University. The Institutional Animal Care
and Use Committee and the Institutional Review Board of Indiana University
approved the experimental protocol.

For an average period of two weeks prior to coming to the lab, dogs were
trained at home by their owners to wear an off-the-shelf set of goggles specially
designed for different breeds of dogs. The criteria for inclusion in the study were,
first, that the dog could successfully wear the goggles for about 10 min without
disruption of the dog’s natural behavior (according to their owner’s opinion).
Second, the dog should not try to take the goggles off by pawing at them or by any
other means during those 10 min.

Three people were involved in running the experiment: Experimenter 1 (E1
hereafter), who gave instructions to the owner and carried out the warm-up and the
unfamiliar person (UP) trials; Experimenter 2 (E2 hereafter), who assisted E1
throughout the session; and the owner of the dog, who carried out the familiar
person (FP) trials and helped in handling her/his dog when required.

Apparatus. A head-mounted dog eye tracker system designed in the CBC Lab
was used. The system consists of two small lightweight cameras, mounted on a set
of commercially available dog goggles (the same ones worn by the dogs in the pre-
training phase), slightly modified to improve stability. One of the cameras is
strategically located, pointing at the eye of the participant [eye camera: Sony high-
resolution ultra-low-light black-and-white snake camera], while the second camera
sits on top of the goggle frame, right above the participant’s eye, collecting images
of the world [scene camera: RMRC-MINI 12 V (6–24 V) compact camera PAL]
(Fig. 6.1). Both streams of data were recorded and stored at 60 frames per second
using two lightweight portable video recorders for further processing and analysis.

Warm-up trials. Before each session (‘familiar’ and ‘unfamiliar person’ ses-
sions) dogs took part in four warm-up trials that were intended to both familiarize
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dogs and owners with the procedures and also to motivate dogs to participate in the
study by increasing their interest in the plastic cups used in the experiment.
Owners were carefully instructed about their participation before each session.
Specifically, after a verbal explanation of the owners’ role in the experiment
(without mentioning the purpose of it), E1 demonstrated several times the two
types of pointing involved in the experiment. It is worth noting that if at some
point during a trial an owner confused or misapplied the gestures, E1 stopped the
trial to inform the owner and to again demonstrate how the gesture should be
displayed. In that case, since the trial was disrupted it was not included in the
analysis. The floor in the experimental room was marked in order to facilitate
consistent location of the dogs during the experiment (2.5 m in front of the sig-
naler) and the placement of the cups (0.5 m either side of the signaler). Before
each warm-up trial, E2 led the dog and asked him to sit 2.5 m in front of E1. After
E1 made sure that the dogs were calm and paying attention to her (making eye-
contact) she proceeded with the two static distal pointing (1 left and 1 right) and
two head-gaze (1 left and 1 right) trials (described below). The order of presen-
tation of these trials was counterbalanced across participants. The warm-up trials
were conducted in the same room as the experimental trials, but the participants

Fig. 6.1 Digital image of the
eye-tracking system worn by
one of our participants
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were not wearing the eye-tracking system. Participants successfully selected the
food container at a rate of 100 % for distal pointing and 60 % for head gazing.

Calibration. After the warm-up trials the calibration phase took place. When
the dog was calm, E1 mounted the eye-tracker system on the dog’s head. When the
system was correctly placed (with the eye camera correctly pointing to and cap-
turing the whole eye), the eye-tracker was calibrated for each participant. In order
to calibrate the eye-tracker, E1 stood directly in front of the dog and after calling
the dog’s name and making eye contact, immediately showed the dog a piece of
food, slowly moved it to one of nine Velcro-marked points on the wall, making
sure the dog was following the food with his gaze. When the piece of food was in
the middle of the calibration dot (a black cardboard circle attached to the Velcro
marks on the wall), E1 held it there for approximately 2 s, indicating to the
cameras when the calibration trial was successful (i.e., when the dog stared at the
food for the entire 2 s). The same sequence was executed for the other eight
marked dots on the wall. The threshold for an adequate calibration was accom-
plished if participants fixated their gaze at eight out of nine calibration points. If
for any reason participants did not reach the criterion the experimenter proceeded
to take a break before the second and last attempt. One participant out of the six
did not meet the threshold and was consequently not considered for the experi-
mental trials.

This calibration procedure was used for the experimental trials, though extra
calibration trials (same procedures) were conducted if the goggles moved from the
original position. In order to correct for small movements, additional drift-cor-
rection was done at arbitrary moments throughout the study.

Experimental trials. Immediately after the calibration procedure the experi-
mental trials took place. Familiar and unfamiliar sessions consisted of exactly the
same procedure as in the warm-up, with the only difference being the identity of
the signaler (experimenter or owner).

Trials started with the signaler (whether E1 or FP) standing in front of the dog
and calling the dog’s name to draw his attention; when the dog was attentive the
signaler proceeded to hide a piece of food (i.e. dried treats previously approved by
the owner) in one of two plastic cups. To control for olfactory cues, both cups were
pre-baited with dried food that was taped to the bottom inside the cups (bubble
wrap was used to avoid possible interference of auditory cues). Immediately after
hiding the food, E1 shuffled the cups behind her back so as to avoid giving the dog
visual access to the target cup. Then, the signaler placed the two cups at their
corresponding marked locations from a standing position midway between them.
Following that, after calling the dog’s name again and making eye-contact, the
signaler displayed one of two types of pointing gestures: a static distal point or
momentary head gaze. Static distal (SD) pointing consisted of signaler extending
her arm and hand to the target cup (the one containing the food) and stayed in the
same position until participants made their choice by approaching one of the cups,
or a maximum of 15 s. The tip of the signaler’s finger was approximately 50 cm
from the closest edge of the target cup. Head gaze (HG) pointing consisted of the
signaler turning her head and gaze to the target cup and remaining looking at it
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until the participants made their choice, or a maximum of 15 s. Each session
consisted of six SD and four HG trials. The low number of trials was intended to
avoid fatigue and lack of interest in the dogs. The exact sequence of trials was
determined before the session and written on a whiteboard visible to the signaler
throughout the experiment. Each sequence was pseudo-randomized for each par-
ticipant, with the only restriction that no one side was baited more than twice in a
row.

Trials were considered passed and food retrieved if the participant touched or
approached the target cup within 10 cm, prior to any contact with the other cup. In
order to discount the effects of possible extraneous variables, participants also
went through two control trials in which no signal was given to the dog by the
signaler. These control trials were randomly positioned within the experimental
session. For the control trial the signaler, after calling the dog’s name to draw her/
his attention, maintained a neutral position facing forward and looking directly at
the dog for about ten seconds.

Data analysis. A two-way repeated-measure ANOVA was used to analyze the
dog’s behavior on the choice task: Familiarity (familiar, unfamiliar) versus Type
of Gesture (HG, SD) using SPSS for MAC 18.0 (SPSS Inc). Significant effects
were identified at p values of less than 0.05. For eye-tracking data, the language
archiving tool, ELAN (Brugman and Russel 2004) was used to annotate the movie
of each participant’s session with the appropriate fixation location and duration. In
order to analyze the eye-tracking data we used the ExpertEyes software package
that was developed to perform human eye-tracking studies under demanding
conditions (Parada et al. submitted). ExpertEyes permits video to be analyzed in an
offline mode. Using this mode we were able to export movies containing a fixation
cross indicating the subject’s overt focus of attention. Movies were imported to
ELAN and, making use of the fixation cross, were coded frame-by-frame. Because
the experiment was run in naturalistic conditions, it was impossible to control for
factors such as consistency of duration for all trials. Thus, we only coded the first
2000 ms immediately after the signaler started making the gesture, independent of
dogs’ final choice (correct or incorrect). In order to analyze the trials we first
divided each image into several features (areas of interest: AOI) to quantitatively
analyze participants’ viewing patterns. The AOI to be coded in all trials were: face,
torso (the arm region was combined with torso for the HG trials, since the signalers
stood with their arms behind their backs and elongated the respective arm only to
point with the hand), legs, correct cup, and incorrect cup. For the distal pointing
trials only, correct hand area and incorrect hand area were also coded. After
analyzing the data, legs were discarded since no dog looked at this area during the
analyzed temporal window.

We used two dependent variables indicating attention: gaze time (duration of
gaze points) and the frequency with which dogs directed their gaze to the AOIs—
calculated by using the proportion of frames in which any AOI was the target of
the gaze points. A gaze point was scored if the gaze remained stationary for at least
70 ms. Otherwise, the recorded sample was considered as part of a saccade or
noise. In order to limit analysis to the visual information actually available to the
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participants, we excluded the samples recorded after the first 2000 ms post-ges-
ture. Likewise, we did not code samples recorded during saccades.

Raw data from each participant were converted to fixation duration and fixation
frequency for each participant taking into account the number of usable trials per
participant per session using custom in-house routines running under MATLAB 7
environment (The Mathworks).

For statistical analyses, differences in fixation frequency and gaze time (dura-
tion) were separately evaluated using a three-way repeated-measures ANOVA:
Familiarity (unfamiliar vs. familiar person) X Location (face, torso, correct cup
and incorrect cup) X Type of Gesture (SD vs. HG). Additionally, a two-way
repeated measures ANOVA: Familiarity (unfamiliar vs. familiar person) X
Location (correct hand vs. incorrect hand) was used to analyze within-subject
differences with respect to correct versus incorrect hand visual behaviors for SD
trials only. All statistical analyses were run using SPSS for MAC 18.0 (SPSS Inc.).
Significant main effects were identified at p values of less than 0.05 (when
sphericity did not hold, Greenhouse-Geisser correction was used). Post-hoc
comparisons were evaluated using the Bonferroni criterion to correct for multiple
comparisons with p values of less than 0.05 identifying significant effects.

6.2.2 Results

Behavioral data. Dogs were above chance for all the gestures except head gazing
by FP, where they performed at chance. Specifically, the proportion of correct
choices per conditions was 0.77 for UP SD, 0.5 for UP HG, 0.8 for FP SD and
finally 0.48 for FP HG (Fig. 6.2a). Statistical analysis showed no significant dif-
ferences in accuracy to type of gestures (F(1,4) = 0.433, p = 0.127) or familiarity
(F(1,4) = 0.003, p = 0.962). No interaction effect was seen (F(1,4) = 0.003,
p = 0.687).

In the control trials, for most of the trials participants did not move from the
starting point (no choice response were seen 60 % of the times for FP and 70 % for
UP); on the few occasions when they did move, they could not accurately predict
where the food was hidden (incorrect cup responses: 30 % for FP, 20 % for UP)
(Fig. 6.2b).

Frequency. The repeated measures ANOVA showed a significant main effect of
location (F(3,12) = 9.14, p = 0.002), and a significant interaction effect of loca-
tion by gesture (F(3,12) = 10.44, p = 0.001). No other significant effects or
interaction were seen.

A post hoc analysis comparing the effects of locations did not show any sig-
nificant differences. This might be due to the effect size for this analysis (d = 1.5),
which is found to exceed Cohen’s convention (1988) for a large effect (d = 0.8).
However, post hoc tests comparing the effect of location by gesture revealed that
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dogs looked more frequently at faces when presented with head gazing gestures
compared to static distal pointing. Similarly, they looked more often at the torso
area when presented with distal pointing gestures compared to gazing gestures
(HG).

As expected, analysis exclusively for distal pointing gestures (correct vs.
incorrect hand) showed that dogs looked only to the correct hand area compared to
the incorrect area (F(1,4) = 80.35, p = 0.001). No significant effect of familiarity
was seen.

Gaze time (duration). Analysis showed a significant main effect of location
(F(3,12) = 6.61, p = 0.007) and a significant interaction was found between
location and gesture [F(3,12) = 6.01, p = 0.01). As for the frequency analysis,
due to a small sample size, a post hoc test did not show significant differences
between locations. Nevertheless, post hoc tests for the interaction effect of location
by gesture showed the dogs looked longer at the face region compared to other
regions for the head gaze trials (Figs. 6.3 and 6.4). Similarly, dogs looked mar-
ginally longer to the incorrect bowls for the head gaze trials.

As for gaze time, analysis exclusively for distal pointing gestures (correct vs.
incorrect hand) showed that since dogs did not look at the incorrect hand area, the
duration of the looks to the correct hand area was also significantly longer
(F(1,40) = 23.16, p = 0.009) (Figs. 6.3 and 6.4). There was no significant effect
of familiarity.
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Fig. 6.2 a Proportion of correct choices mean (+sem) proportions of participant’s correct
choices in each condition. Chance performance (0.5) noted. The x-axis depicts trial mean
proportions for the four conditions: UP (unfamiliar person, E1) static distal pointing, UP
(unfamiliar person, E1) head gazing, FP (familiar person) static distal pointing and FP (familiar
person) head gazing. b Responses to control proportions of behavioral responses to control trials
(no gestures). The x-axis depicts the choices our participants took: No choice (dog did not
approach to any of the cups), Incorrect Cup (dog approached to the incorrect cup), Correct Cup
(dog approached the cup that contained the food)
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Fig. 6.3 Data depicting the total average duration (gaze time) that dogs spent looking at each of
the six AOIs for static distal pointing trials as a function of familiarity. AOIs (roughly represented
by dashed lines): face area—torso—correct hand area—incorrect hand area (not depicted because
dogs did not look on that direction during the 2000 ms after the gesture)—correct cup—incorrect
cup. a Familiar person (owner), b Unfamiliar person (experimenter)
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Fig. 6.4 Data depicting the total average duration (gaze time) that dogs spent looking at each of
the five AOIs for head gazing trials as a function of familiarity. AOIs (roughly represented by
dashed lines): face area—torso—correct cup—incorrect cup. a Familiar person (owner),
b Unfamiliar person (experimenter)
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6.2.3 Discussion of Results

By presenting our eye-tracking system we aimed to extend the limited literature on
dog’s visual scanning of human gestures and extend an invitation to researchers to
make use of this and other technologies widely employed in the human cognitive
sciences.

Previous work with eye-tracking on dogs had already suggested that dogs focus
their attention on informative regions of images without any task-specific pre-
training. This work had also shown that dogs make use of human ostensive and
referential signals. In the study presented here we wanted to further explore dogs’
visual behavior in a relatively natural situation, which allowed them to move
freely. The data acquired in the current study raise some interesting issues
regarding the use of eye-tracking on dogs in communicative tasks. We discuss
three: first, dogs’ focus of visual attention during human gestures; second, the
influence of familiarity on dogs’ visual behaviors; third, pointing with the hand
versus pointing head-gaze cues. We then conclude with a more general discussion.

6.2.3.1 Dogs’ Focus of Visual Attention During Human Gestures

Our eye-tracking data show that dogs looked longer and gazed more frequently at
the face area than the rest of the locations for the HG trials and at the torso area for
SD trials. This can be understood if we consider that dogs’ overt visual attention
might be functioning, similar to humans, in a reflexive way. Human infants as
young as 6 months old shift their attention in the direction of a pointing hand
(Bertenthal and Boyer 2012). By this age they also turn their gaze after a model
starts turning hers in order to attend to a toy (Gredebäck et al. 2009), and show
longer looking times to the attended objects. The apparent similarity of dogs’
visual scanning behavior to human infant behavior is something that should be
further explored.

6.2.3.2 Influence of Familiarity on Dogs’ Visual Behaviors

Our preliminary study did not find any effect of dog gaze related to familiarity of
the signaler. Communicative behaviors of dogs toward an unfamiliar person have
received some attention. Elgier et al. (2009) studying extinction to a human
pointing gesture in an object choice task showed that for dogs, extinction of a
pointing gesture took longer when the signaler was the owner; likewise, reverse
learning (following the not-pointed-to container) was faster when the owner gave
the cue compared with when a stranger did it (Elgier et al. 2009). This suggests
that familiarity does matter for dogs. However, Kaminski et al. (2011) showed that
dogs differentially communicated the location of a hidden object according to
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whether the item was an object of their own interest or an object of the person’s
interest irrespective of whether the person was their owner or a stranger (Kaminski
et al. 2011). Merola et al. (2012) had owners and strangers display emotional
information (facial and vocal expressions of either happiness or fear) with respect
to an electric fan. The authors found that this behavior elicited both referential
looking and gaze alternation in dogs irrespective of the informant’s identity. In
their study, dogs did make different use of the emotional information when coming
from their owner compared to the stranger: the owners’ emotional reactions
influenced the dogs’ subsequent behavior, whereas the strangers’ emotional
reaction did not (Merola et al. 2012).

Rossi et al. (submitted) found that dogs show referential looking between an
unfamiliar person and inaccessible food, matching the result of a previous study
that had been conducted with familiar people only (Miklósi et al. 2005). But
whereas Miklósi and colleagues also demonstrated that, in an apparent effort to
communicate with their owners, dogs increased their vocalizations when engaged
in referential looking between food and an inattentive (book-reading) owner, the
dogs in the study by Rossi et al., when paired with an unfamiliar person who was
being similarly inattentive, engaged in similar amounts of referential looking but
did not vocalize more. Taken together, these studies suggest that the vocalization
rate of dogs is modulated by familiarity when dogs are trying to get a person’s
attention, even though referential looking is unmodulated.

The preliminary eye-tracking study reported in this chapter found that famil-
iarity did not modulate dogs’ behavior in this particular experimental task. This
might be related to the nature of the task, which may have been approached by the
dogs in our study as a foraging task. Because the dogs in our study, as in the
majority of studies using the object-choice task, were pre-trained with warm-up
trials before the experimental session, the dogs might have generated some level of
expectation about the receipt of food and taken the signaler, regardless of her
identity, as a cooperative partner. Further experimentation is needed in order to
investigate this possibility.

6.2.3.3 Pointing with the Hand Versus Head-Gaze Cues

As previously mentioned, dogs looked longer and gazed more often at the face
area than other locations during the HG trials. Interestingly, there was a trend
towards dogs looking marginally longer at the incorrect cup in the HG trials
compared to the time spent looking at the incorrect cup in the SD trials (Fig. 6.4).
This suggests that dogs might have scanned the scene more thoroughly during the
HG trial. One possible reason is that dogs actually perceived that the signaler was
signaling to one of the cups—i.e., recognizing communicative intent—but they
failed when deciding which cup to approach. Perhaps this was because the means
of communicating information (head-gaze) did not rise above their threshold for
the decision. Similarly, a general lack of experience with gaze-following should
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not be discarded as an explanation for the subjects’ failure to use the cue to find the
hidden food.

Our data showed that for both SD and HG dogs did not fail to attend to the
source of information. Rather, they failed more frequently at the moment of
making the decision during HG, being practically at chance—taking both FP and
UP together—at retrieving the food from the cups. That is, for dogs in our study
the provided gaze cues were probably ambiguous signals that did not provide
enough information about the environment. Similar effects have been shown in
other studies with dogs (Hare et al. 2002; Ittyerah and Gaunet 2009). This might be
related to the kind of gesture and the motion involved. Pointing with the arm and
hand is different from pointing with the head or eyes. Although pointing with the
arm and hand may be harder to follow, because the relationship to the intended
target is more indirect and abstractly geometrical than a direct look at the target
(Cappuccio and Shepherd 2013), it also occupies more of the visual field than
pointing with the eyes, likely drawing more attention and thus facilitating rec-
ognition of its target. This, along with the possibility that pet dogs might have
more experience following arm and hand pointing gestures than following eye and
head gazing makes a case for eye- or head-gaze being more difficult to use than
arm-hand gestures.

An interesting possibility is suggested by taking a dynamical systems per-
spective (Spencer et al. 2001) towards our preliminary data. In the SD trials,
adding the time spent looking to the arm/hand and to the correct cup yields 42 %
(with the familiar person) and 47 % (unfamiliar) of the total time budget directed
towards the side that the dogs should choose to obtain the food. In contrast, for the
HG trials, only 28 % (familiar person) and 33 % (unfamiliar) of the total time is
spent oriented towards the direction the dog needs to go. Thus, the total time in
which the dog is physically oriented towards the ‘‘correct’’ direction in the SD
trials versus the HG trials could activate an embodied action trace which lasts long
enough to support the decision in the SD case but not the HG case. Although our
data are currently insufficient to ground or test a dynamical model we believe that
this an important future goal that will be facilitated by the use of cameras and other
technology allowing the dog’s gaze to be tracked in real time. It will also be useful
to use data from eye-tracking to look at the sequencing of the saccades the dogs
make. In this way, it will become possible to connect comparative psychology to
similar work in human developmental psychology (Smith et al. 2011; Spencer
et al. 2001) in a more rigorous fashion than the all-too-common statements con-
cerning the mental equivalence of animal subjects to toddlers of a specific age
[dogs are frequently described as having the mental capacity of two-year-old
children (e.g. Coren 2005; Lakatos et al. 2009)].

If one considers gaze-following from a developmental perspective, it is likely to
be the result of a developmental interplay between inherited dispositions to attend
to gaze cues and experience with the significant use of such cues (Gomez 2005).
Accordingly, it makes sense to think that there are shared underlying mechanisms
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between species that are capable of following gaze. However, underlying differ-
ences in the phylogenetic roots of this ability may help explain why attentional
orientation to movement is different in different species.

6.3 General Discussion

Primates and canids both live in a complex social system. Though the idiosyn-
crasies of each social structure are different, the convergences between the two,
plus the long history of domestication of dogs might have facilitated orientation
responses to humans. This can be seen in the data coming from the small number
of eye-tracking studies reported above. Among the great apes there seem to be
shared visual scanning patterns toward scenes and both conspecific and non-
conspecific faces (with eyes and mouth being particularly salient). Consequently,
furthering our knowledge of visual scanning patterns of dogs (and, if possible, of
human-reared highly socialized wolves) will be extremely informative for
assessing several factors that might be playing a role in the typical human pref-
erence for looking at the eye region.

We have shown that it is possible to accurately track the way in which dogs
allocate attention to human faces, bodies, and locations when humans are pro-
viding social cues relevant to the dog as indicators of food location. However,
more fine-grained analyses than we have provided are certainly desirable. For
instance, how are dogs allocating attention within components of the face, such as
eyes and mouth? How important is the finger in a pointing gesture, or is the dog
simply extrapolating from the direction of the whole arm? Such questions are
answerable in principle given further improvements in the head-mounted eye-
tracking system that we have developed. Our present study cannot answer these
questions due to our small sample size and due to the fact that, ironically, the
mobility that is one of the main advantages of our eye-tracking system was found
to be a consistent source of noise as well, which translated into having to drop
several trials from the analysis.

Answering questions such as the aforementioned, and tying them to issues such
as prior experience of the dogs with particular people could help tease apart
ontogenetic differences. Furthermore, physiological work pairing eye-tracking
with hormonal assays could help integrate findings about cognitive processes with
proximal mechanisms. Although it is difficult to imagine strong comparative
methods that could use eye-tracking with (unsocialized) wolves, comparative work
with eye-tracking in humans will help us to quantify the degree of convergence
between dogs and humans with respect to visual processing of social cues. Of
particular interest might be to investigate the differences in visual behavior of dogs
performing different tasks; this may help reveal underlying cognitive processes,
making it possible to relate the processes to questions about the adaptive value of
their interactions with humans in specific contexts.
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The field of comparative animal cognition has grown enormously in the past
couple of decades, and yet it still lags behind human cognitive science in many
ways. Here we hope to have convinced readers that eye-tracking in particular, and
the adoption of technologies used to gather data in human cognitive psychology
more generally, can help advance an integrative understanding of the evolution,
development, mechanisms, and adaptiveness of canine cognition in its natural
environment: the dog–human social group.
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Chapter 7
Cognitive Development in Gray Wolves:
Development of Object Permanence
and Sensorimotor Intelligence
with Respect to Domestic Dogs

Sylvain Fiset, Pierre Nadeau-Marchand and Nathaniel J. Hall

Abstract In this chapter, we explore whether domestic dogs and gray wolves
share a similar cognitive development with regards to how they represent physical
and/or social objects. To reach this objective, we examine two key components of
the Piagetian theory of cognitive development in the gray wolf: object permanence
and sensorimotor intelligence. We detail how the capacity to search and locate
disappearing objects develops in wolves and compare these data with those
observed in previous studies with dogs. We then further describe an observational
study of sensorimotor intelligence with these wolves. Overall, the results suggest
that the development of object permanence is similar in dogs and wolves, both
species reaching Stage 5b of object permanence by the age of 11 weeks. In terms
of sensorimotor intelligence, Stage 4 was the upper limit of sensorimotor intelli-
gence we observed in wolves. Moreover, up to 6 weeks of age, the behaviors of
wolf puppies are directed predominantly towards their conspecifics, and by Week
8, wolves’ interest in inanimate object increases significantly. In discussion, we
explore the factors affecting the development of object permanence and sensori-
motor intelligence in canines.

7.1 Introduction

In the last two decades, the scientific study of cognition in the domestic dog has
grown substantially. For example, the Web of Sciences index (Thompson Reuters)
reveals that the rate of publications about cognition of domestic dogs (using dogs,
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behavior and cognition as keywords) has increased at a mean rate of 35 % per year
since the year 1991. Without entering into the reasons that can be put forward to
explain this strong interest in the study of the domestic dog’s mental capacities [as
a starting point, readers are invited to consult Bradshaw (2011) and Miklósi
(2007)], it is worth mentioning that the domestic dog’s cognition is now investi-
gated from different points of view by several disciplines: behavioral biology,
behavioral ecology, comparative psychology, ethology, evolutionary anthropol-
ogy, functional morphology, and veterinary behavior, to name a few. From a
psychological perspective, the Piagetian theory of cognitive development, which
was initially developed by Piaget (1954) during the course of his observations of
his own children, is one of the most fruitful theoretical frameworks used to study
animals’ cognition (Pepperberg 2002), including dogs’ (e.g. see Fiset and Plourde
2013).

Piaget (1954) divided the general development of children’s intelligence into
four general periods, from birth to adolescence. The first period of cognitive
development, namely the sensorimotor period, is of most interest for comparative
researchers since it primarily focuses on the organism’s sensory perception and
motor activities. Moreover, since the Piagetian’s tasks used to measure the cog-
nitive development during the sensorimotor period are easily adaptable to the
natural behaviors of non-verbal animals, by the end of the 1970s, the Piagetian
theory was endorsed by researchers to investigate the development of cognition in
animals (for a summary, see Doré and Dumas 1987). More specifically, the sen-
sorimotor period is characterized by the development of various concepts, such as
object permanence (OP), space, time, causality and a general capacity, called
sensorimotor intelligence (SI). In the present study, in the context of canine’s
cognition, we concentrated our attention on two key concepts of the sensorimotor
period, that is, OP and SI.

OP is defined as the knowledge that social or physical objects still continue to
exist when they are no longer present in one’s visual field. In canines, like dogs
and wolves, OP is essential for survival. For instance, the capacity to mentally
represent a disappearing object is useful in predatory situations, where a prey has
moved behind an obstacle (e.g. a tree), or in a social context, when different
members of a group move around and momentarily disappear from sight. SI, for its
part, is characterized by the organization and coordination of different schemas of
action in several logical steps. In the Piagetian sensorimotor period, the repetition
of a particular behavior in different circumstances results in a common attribute
called a schema of action. It is also the organism’s cognitive structure that orga-
nizes and coordinates its behavior in logical sequences (Doré and Dumas 1987).
As experiences happen in one’s life, these schemas of action are modulated,
allowing the organism to generalize and transpose its behaviors and/or mental
processes to new and different situations. In the Piagetian framework, OP and SI
are closely interconnected during the sensorimotor period and both cognitive
capacities develop at the same rate through a series of six distinct stages.

During the first two stages of OP, children lack interest in disappearing objects.
Thus, they do not exhibit actions when objects disappear from their visual field.
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They are, however, capable of briefly following them with their head or body.
During the third stage, visuomotor coordination is established and children gain
the ability to retrieve partially hidden objects. In Stage 4a, they become capable of
retrieving hidden objects, but solely if they initiated a search movement toward the
hiding location before the final disappearance of the object. Such a movement
ceases to be necessary in the subsequent substage (Stage 4b), and children can now
find an object they saw disappear at a specific location. It is also in this stage that
the A-not-B error emerges. It manifests when children successively search in the
last location they saw the object prior to its disappearance.

Stage 5a of OP marks when children stop committing the A-not-B error, and
become capable of retrieving visibly hidden objects in several different locations.
In Stage 5b, children can retrieve an object they saw disappear successively in
several hiding locations. In the sixth and last stage, children gain understanding of
invisible displacements. In Stage 6a, they are capable of solving simple invisible
displacement problems. In these problems, an object is first hidden inside a
transportation device (i.e. a cup or a hand) and this device is moved behind a box
or a screen. There, the object is imperceptibly transferred from the transport
container to the hiding location. Since the child cannot perceive either the dis-
placement of the object from one location to another or the transfer of the object
from the transportation device to the target location, the displacement is consid-
ered invisible. The child must mentally infer the displacement to localize the
position of the object. In Stage 6b, children master the ability to relocate objects
that were successively hidden in different locations using invisible displacements.

The ontogenetic development of OP in canines has, so far, only been investi-
gated by Gagnon and Doré (1994), who conducted a study on the domestic dog.
These authors used a cross-sectional study to assess the stages of OP reached by
dogs as a function of age. Most specifically, they selected seven groups of dogs:
five of which were young puppies of 4–8 weeks old, and the last two groups
included dogs of 3 and 9 months-old. In their study, Gagnon and Doré adapted a
procedure previously developed by Dumas and Doré (1987, 1989) for domestic
cats for dogs. In their study, the dogs’ task was to track and find an attractive
object (a toy) that moved and disappeared behind a series of opaque screens. When
a group failed a particular task, the same task was administered to the next oldest
group and so on. Overall, Gagnon and Doré (1994) found that dogs’ understanding
of OP developed gradually from 4 to 8 weeks of age. Most specifically, their
results revealed that the different stages of OP in dogs emerge as follows: Stage 2
(4 weeks), Stage 3 (5 weeks), Stage 4a (6 weeks), Stage 5a (7 weeks) and Stage
5b (8 weeks). As a group, the dogs did not reach the understanding of invisible
displacement, but 11-month-old dogs succeeded at problems of Stage 6a, sug-
gesting an understanding of invisible displacement in older dogs, supporting
previous works by Gagnon and Doré (1992) in adult dogs (for an alternative
interpretation, however, see Collier-Baker et al. 2004; Fiset and LeBlanc 2007).

SI also develops throughout a series of six stages in which schemas are
acquired and modified through direct exploration of the world and its objects. In
Stage 1, the behaviors are limited to the reflexes (e.g. suckling) of organisms.
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The appearance of a child’s first habits, known as primary circular reactions,
characterizes the second stage. These behaviors revolve around oneself (e.g.
putting his thumb in his mouth) and are repeated over and over, as they produce
reactions that the child finds interesting. Next, in Stage 3, secondary circular
reactions make their appearance. Secondary circular reactions, contrary to pri-
mary circular reactions, are repeated actions towards external objects (either
physical or social) rather than oneself. Secondary circular reactions are inten-
tionally repeated and are not coincidental. For instance, an infant extends his
hand to grab an object close to him in order to play with it.

Stage 4 of SI corresponds to the coordination of two schemas of action, and
consolidates the role of intention in children as illustrated by the emergence of
imitation. Schemas are no longer repeated to produce long-lasting fortuitous
stimulations, but to obtain an intentional result. For instance, a child throws away a
first toy in order to grab a second toy, which is later put in his mouth. Stage 4 is
succeeded by Stage 5, in which tertiary circular reactions make their appearance.
These reactions introduce the notion of behavioral variation in the intentional
repetitions of actions on external objects (either physical or social). An example of
this period of trial-and-error is when a child produces different sounds (using cries
or hitting toys together) to attract the attention of his caregiver. Finally, Stage 6
(early mental representation) corresponds to the invention of new combinations of
actions. In Stage 6, children search for ways to pursue a goal, but, contrary to the
preceding stages, this process is done mentally, without the need to experiment on
the external object beforehand. For instance, a child exposed to different toys
selects the one that is the most likely to make the loudest noise when shaken.

To our knowledge, only Frank and Frank (1985) used the Piagetian’s frame-
work of SI to interpret the cognitive development of canines. Most specifically,
these authors administered a series of puzzle boxes of increasing complexity to 10-
week-old dogs (Malamute) and wolf pups, and the animals’ task was to perform
increasingly complex manipulations to extract a food dish from a box. Frank and
Frank’s results suggest that wolves demonstrate behaviors of Stage 5, possibly 6,
of SI, while dogs only demonstrate responses of Stage 3, maybe 4. However, as
rightly pointed out by Frank and Frank (1985), their conclusions about the
acquisition of Stage 5 and/or 6 are doubtful since the wolves were probably able to
use skills from inferior stages of SI (e.g. Stage 3 and/or 4) to solve the most
complex tasks used in their study.

In order to depict the ontogenetic development of cognition in canines, the first
objective of the current study was to determine the development of OP in the gray
wolf and compare it with the results observed by Gagnon and Doré (1994) in the
domestic dog. To reach this objective, similarly to Gagnon and Doré (1994), we
used the scale developed by Uzgiris and Hunt (1975) in human children. Actually,
our experimental procedures, as well as the dimensions of our material in the tests
of OP, were exactly the same as the ones used by Gagnon and Doré (1994).
However, given the small number of wolves that we were able to work with, in
contrast to Gagnon and Doré (1994) who used a cross-sectional approach, we used
a longitudinal approach in which the same animal is tested several times during the
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course of its development. It is worth noting that longitudinal studies are fre-
quently used by researchers who deal with reduced sample size when investigating
the development of OP (for an example in various animal species, see Pollok et al.
2000; Ujfalussy et al. 2012; Zucca et al. 2007).

The present study also aimed to corroborate the conclusions of Frank and Frank
(1985) by establishing an overview of the development of SI in the gray wolf. To
do so, we adapted the procedures used by Dumas and Doré (1991) in domestic cats
and recorded the natural behaviors of the wolves between their fourth and 11th
weeks of life. Finally, since Dumas and Doré (1991) observed that domestic cats
attain Stage 5b of OP but solely Stage 4 of SI, we wanted to determine whether or
not, in canines, the development of SI synchronized with the development of OP.

7.2 Wolf Study

7.2.1 Method

Participants Four gray wolves (three females and one male) from the same litter
began this study. The wolves were from Wolf Park, Battle Ground, Indiana (USA),
and had been hand-reared for human socialization from the age of 10 days, as
described by Klinghammer and Goodmann (1987). Human caretakers were in
contact with the pups 24 h a day, from day 10 to day 28. After 4 weeks, the
caretakers reduced the contact with the pups to 16 h a day. Intense human
socialization was stopped when the wolves were four months old. Afterward, the
wolves were still in regular contact with humans for health care, feeding and
behavioral studies.

The wolves were all sick between Day 38 and Day 51, and the study was
postponed during this critical period of development. Moreover, one wolf, Devra
unexpectedly died on Day 56 of an unknown illness. To determine the cause of
death (the autopsy later revealed a congenital liver shunt) and make sure it was not
contagious, we interrupted the study a second time from Day 56 to Day 61 before
resuming with the three remaining wolves. Given that Devra was tested incon-
sistently in the OP tests before her death, all her data in the tests were removed
from the study. Consequently, our conclusions about the development of OP were
limited to the three wolves that completed the study. However, Devra’s data in the
observational phase of the study were kept until her death, and were adjusted
accordingly.

Apparatus In the observational phase of SI (see procedure), the wolves’
behaviors were recorded via a Sony HDR-CX110 digital video camera fixed on a
tripod. To stimulate the behavior of the wolves, several objects of diverse sizes and
forms (puppets, towels, cardboard boxes, ropes, etc.) were disposed on the floor of
the room or on the ground inside the outdoor enclosure.
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In the OP tests (see procedure), three identical painted white wooden boxes
(17 cm wide 9 19.5 cm high 9 11.5 cm deep with a top, a bottom, a front, and
two side panels) served to hide the target object. The bottom of each box was filled
with lead bars to increase inertia. They were arrayed in a semicircle at a distance of
30 cm from each other and were equidistant (150 cm) from the wolf’s position. In
order to maintain the wolves’ motivation to search for the target object, different
objects were used. The objects were either an orange rubber ball (handled by a
translucent nylon thread that was tied to it), a cardboard tube, a small puppet or a
white towel. In the invisible displacement trials (see procedure), a small wooden
box (9 cm wide 9 15 cm high 9 9 cm deep), without the top and front panels,
was also used. The inside of this box (called displacement device) was painted
black and its outside was painted white. To help its manipulation, a 117 cm
vertical plastic stick was fixed on the back of this box. To reduce the possibility
that the wolves used olfaction to find the target object, rose water (1/10 diluted in
water) was sprayed over the apparatus. This solution is well known for masking
olfaction in canines (Gagnon and Doré 1992). Each trial was recorded via a Zi6
Kodak HD digital video camera fixed on a tripod placed behind the animal.

Procedure At the beginning of the study, the wolves were three weeks of age.
Two different approaches were used to assess the development of SI and OP. SI
was assessed via the recording of wolves’ spontaneous behavior and OP was tested
via a series of formal tests administered to each wolf.

7.2.2 Behavioral Observation of Sensorimotor Intelligence

The wolves’ spontaneous behavior was recorded from Week 4 to Week 11. As did
Dumas and Doré (1991), who studied SI in domestic cats, we recorded the wolves’
behavior in intervals of 10 min. However, although we had initially planned to
record the wolves’ individual behavior three times a week, we were not able to
follow the schedule as planned. This divergence from the planned recording
schedule was mostly due to (i) the great amount of time needed by the human
caregivers to nurture the puppies (feeding, etc.), (ii) the sickness of the animals and
(iii) the small amount of time the pups were awake and interacted with each other
and/or the toys. The recording schedule was therefore modified. For Weeks 4 and
5, since the wolves’ behaviors were limited to the nurturing chamber, we recorded
the wolves’ behavior as a group. From Weeks 6 to 11, when the wolves were
moved to the outdoor enclosure, we were able to record their behaviors individ-
ually. However, due to various factors (illness, overbooked testing schedule, etc.),
it was impossible to record the behavior of each wolf during each week (see
Table 7.1).

The analysis of wolves’ spontaneous behavior was based on the behavioral
categories identified by Dumas and Doré (1991), who coded domestic cats’ SI for
each stage of cognitive development during the sensorimotor period. We adapted
the criteria used by Dumas and Doré (1991) to the natural behaviors of gray
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wolves (see Table 7.2). To be consistent with our approach, circular activities in
wolves, a key component of the development of SI, were also coded as described
by Dumas and Doré (1991). In short, to be coded as circular (either primary,
secondary or tertiary), a behavior had to be repeated a minimum of five times and
last 10 s or more during the same action sequence. Given the limited number of
bouts we were able to record, the use of these criteria ensured that the behaviors
judged as circular were highly repetitive and reflected the natural behavior of
wolves. The different behaviors that served to code the development of SI in
wolves were as follows: scratching, pawing or kicking, tugging, howling, biting
other wolves, wrestling, and gnawing.

7.2.3 Tests of Object Permanence

From Weeks 4-9, the testing took place in the nurturing room. By doing so, we
assured that the wolves were familiar with the testing environment (a pilot study
performed by Gagnon and Doré (1994) revealed that dog pups’ behaviors were
perturbed when tested in a new environment). In Weeks 10 and up, the wolves
were tested in a quiet and isolated area of the outdoor enclosure.

The acquisition of Stages 2 and 3 of OP was assessed via the administration of a
visual pursuit test in the nurturing room. These tests served to evaluate the wolves’
perceptual development, most specifically their visuomotor coordination (Dumas
and Doré 1989; Gagnon and Doré 1994). In this test, the wolf was not restrained
and was free to move of its own will. The experimenter who performed the
manipulation (E1) suspended an attractive object (an orange ball) right in front of
the wolf. Then, while ensuring that the wolf was looking at the object, E1 slightly
moved the object to the right or left of the wolf a few times and then through an arc
of 180� (i.e. behind the wolf). If the wolf followed the object up to the point of
disappearance in its visual field but failed to look for the object behind itself, Stage

Table 7.1 Duration (in minutes) of the video recordings as a function of weeks and wolves

Week Type of recording Dharma Devra Tilly Gordon

4 Group —————————————50—————————————-
5 Group —————————————30—————————————-
6 Individual – – 10 –
7 Individual – – – –
8 Individual 10 10 – –
9 Individual – – – –
10 Individual 10 – – 10
11 Individual – – 20 10

Note When the duration of recording is marked as higher than 10 min, several 10 min bouts of
recording were recorded during this particular week (e.g. 30 = 3 bouts of 10 min)
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2 of OP was reached. However, if the wolf was able to follow the object during the
entire trajectory and look for the object behind itself, Stage 3 of OP was reached.

Stage 3 and beyond were assessed via a series of formal OP tests. In the OP
tests, E1 stood about 50 cm behind the central box and a second experimenter
(E2), who restrained the animal by its shoulders, bent on her knees to its left side.
At the beginning of each trial, E1 attracted the attention of the wolf by slightly
moving the object back and forth about 50 cm in front of the central box. Once the
wolf looked at the object, E1 moved the object as described in the tests (see
Table 7.3). If the wolf did not pay attention to the manipulation of the object, the
trial was rerun. To prevent involuntary cueing, once the object was put down, E1
looked up at E2. Then, E2 released the animal. If the wolf retrieved the object after
its first choice, it was reinforced with social rewards (e.g. Good boy) and the
opportunity to play with the object. However, if the wolf selected a non target box,
the object was immediately removed from behind the box and no reward was
given.

Six visible displacement tests (1–6) and one invisible displacement test (7) were
administered to the wolves. Since our goal was to determine the development of
OP, the tests were administered sequentially, from Test 1 to Test 7—that is, all the
visible displacement tests were administered first and followed by the invisible
displacement test. Each test was composed of 5 trials. To be successful in a test,
the wolf had to succeed 4 trials out of 5 (Binomial test, p = 0.33, a = 0.05). When
a wolf succeeded a test, the next test in the sequence was administered as rapidly
as possible, usually at a later time in the same day (47 % of the time the next test
was administered within the same day). Otherwise, it was administered in the same

Table 7.2 Criteria used to assess the development of wolves’ SI for each stage

Stage 1 Reflexes Behavioral expression in pups is due to reflexes that are present at birth (e.g.
suckling)

Stage 2 Primary circular reactions Reflexes transform to become a pup’s primary habits, and
manifest under the form of primary circular reactions. These reactions concern
the pup’s own body, and are triggered by spiking the interest of the pup, who finds
it interesting, and then repeats the motion (e.g. scratching, walking)

Stage 3 Secondary circular reactions Secondary circular actions are actions that are repeated
by the pup and result in an interesting effect with an external object, which may
be either physical or social (e.g. tugging a log)

Stage 4 Coordination of secondary circular reactions The pup is now able to coordinate two
different schemas of action in order to reach a predetermined goal. The pup’s
actions (e.g. biting, tugging) are directed towards different aspects of the
environment (e.g. toys, conspecifics, etc.)

Stage 5 Tertiary circular reactions Behavioral variations are now possible. The pup
experiments using trial and error, repeating actions that produce interesting
effects on social or physical objects (e.g. pulling a branch to get a piece of food or
a toy) with constant variations (e.g. with his mouth or his foreleg)

Stage 6 Early representational thought The pup is now capable of coordinating mental
schemas without the use of direct experimentation on the environment (e.g.
putting down a log and taking instead a branch to pull a piece of food toward him)
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week. The only exception to this rule was Test 4. Since Test 4 served to determine
whether or not the wolves commit the A-not-B error, Test 4 was administered
immediately after the wolf had succeeded Test 3. If a wolf failed a test (any of
them), the same test was rerun later in the same week. However, due to wolves’
illness and the death of Devra, it was impossible to follow the schedule as planned.
By consequence, on a few occasions, the delay between one test (success or
failure) and the next was over 1-week (see Table 7.4).

Table 7.3 Tests used to assess the development of wolves’ OP for each stage

Test Stage Description

Test 1 Stage 3 Partial occlusion. E1 partially hid the object behind the target box. The
object was always hidden behind the same box (A or C, depending on the
wolf)

Test 2 Stage 4a Single visible displacement–initiation of movement by the animal. E2
released the wolf right before E1 hid the object behind the target box.
The object was always hidden behind the same box (A or C) and for each
wolf, the target box was the same as the one used in Test 1

Test 3 Stage 4b Single visible displacement. E2 released the wolf when the object was
totally hidden behind the target box. The object was always hidden
behind the same box (A or C) and for each wolf, the target box was the
same as the one used in Tests 1 and 2

Test 4 Stage 5a Sequential visible displacement. The object was hidden behind the box
located at the opposing end of the row of boxes to the one previously
used in Tests 1–3. For example, if the target box in Tests 1–3 was A, in
Test 4 it was box C. The object was always hidden behind the same box
(A or C). In the first trials of Test 4, if the animal searched at the box
used in Tests 1–3, it displayed an A-not-B error

Test 5 Stage 5b Double visible displacement. E1 first hid the object behind a box. Then, E1
visibly removed the object from the box and moved it behind a second
box. Each box (A, B and C) served as first and second box at least once

Test 6 Stage 5b Triple visible displacement. E1 first hid the object behind a box. Then, E1
visibly removed the object and hid it behind a second box. Next, E1
removed the object from the second box and hid it inside the box not yet
visited. If the object was being moved from box A to box C (or from C to
A), it always passed in front of box B (never behind). In each trial, every
box was visited at least once

Test 7 Stage 6a Single invisible displacement. At the beginning of a trial, the transportation
device was placed at either the right or left end of the row of boxes, its
open side facing the wolf. Then, E1 visibly placed the object inside the
transportation device and, to hide the object from the wolf’s vision,
rotated the device on an axis of 180�. Next, E1 moved the device behind
one of the three boxes and unnoticeably transferred the object from the
device to the target box. After, E1 removed the device from the box and
immediately rotated the transportation device to show to the wolf that it
was now empty. Finally, E1 brought the device to the other end of the
row of boxes from its initial starting location and rotated it on an axis of
180� to hide the fact that it was now empty. The object was always
hidden behind the same box (A or C), which was the opposite of the one
used in Tests 1–3. For instance, if the target box was A in the three first
tests, the object was now hidden in box C
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7.2.4 Video Analysis

Two coders reviewed the videotapes of the development of SI and of the OP tests.
One coder (the second author) viewed all the videos, adapted the coding system,
and applied it to the behavior of wolves. For validation purpose, the second coder
(the first author) also coded the wolves’ behavior by viewing a random selection
(50 %) of the SI and OP recordings. Both coders agreed on all behaviors.

7.2.5 Results

7.2.5.1 Development of Sensorimotor Intelligence

Due to the inconsistency of our video recordings (see Procedure), instead of
quantifying how often the schemas of action associated with each stage occurred,
we focused our attention on the presence or absence of these schemas of action.

Table 7.4 Number of correct choices in each test of OP (out of 5) as a function of week, wolf
and stage

Week Wolf Stage 3 Stage 4 Stage 5 Stage 6

a b a b b a
Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7

Week 6 Dharma 4 0
Gordon 0, 4 1
Tilly 4 0

Week 8 Dharma 4 4 2
Gordon 5 – –
Tilly 5 1 –

Week 9 Dharma – 2 –
Gordon 5 4 1
Tilly 5 5 –

Week 10 Dharma 3 – – –
Gordon – – – –
Tilly – 4 5 2

Week 11 Dharma 5 5 – –
Gordon – 5 1, 5 1
Tilly – – – 1

Week 12 Dharma 5 4a

Gordon – 1
Tilly – –

Note 1 The wolves were ill during Week 7, and so tests were not conducted
Note 2 When two numbers are within the same cell, the wolf was tested two times on the same
test within the same week. The first number represents failure and the second represents success
a Dharma’s score on Test 7 was considered a failure (see text)
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When a behavior from a specific stage was observed for the first time (regardless
of the wolf), we considered this specific day as an indication of the earliest
occurrence of any behavior associated with this stage of development. As a con-
sequence, this particular stage of development was then coded as reached by the
wolves. Moreover, to specify the nature of the objects the wolves interacted with
during each stage of development, we examined the frequency of appearance of
behaviors with social and physical objects. To do so, given that the number of
video recordings per week varied, we adjusted the frequencies of each behavior as
a function of the number of 10 min bouts that were recorded in a week for each
wolf. This allowed us to standardize the frequency of each behavior per week.

As mentioned earlier, the pups were already 3-weeks old at the start of the study
and were fed by human caretakers. By consequence, behaviors that characterized
Stage 1 of the sensorimotor period, which are mostly basic reflexes (e.g. suckling,
rooting, Galant’s reflex), could not be observed. However, on Day 23, when the
observation of the SI of wolves formally began, we noticed that crawling was still
occasionally among the behaviors of the wolves. We therefore concluded that the
wolves acquired Stage 1 before Day 23 but we could not discern the exact age
around which this stage was reached.

Similarly, on Day 23, we also observed primary circular reactions, which are
behaviors of Stage 2. For instance, walking on four legs is an example of a primary
circular reaction in wolves. This locomotor action has a primarily focus on one’s
body, and was repeated over and over by the animals. On Day 23, all the wolves
were experiencing locomotion on four legs, sometimes with a mix of crawling.
Rapidly, the wolves gave up crawling to focus entirely on walking. Once again,
although we cannot determine exactly when behaviors of Stage 2 first emerged, we
can nevertheless conclude that the wolves were already demonstrating behaviors
of Stage 2 at the age of 23 days.

On Day 26, we observed secondary circular reactions in the wolves, which
characterized Stage 3. These behaviors were directed towards external objects
(social or physical) and produced a strong interest in the wolves. Biting another
wolf, gnawing, pawing, and scratching were among the most frequent behaviors
we observed (see Table 7.2). One characteristic of these behaviors is that they are
voluntary: the wolves initiated these behaviors towards specific objects on their
own; these behaviors were not simply the result of an accident or the mere
proximity of another wolf. An example of a secondary circular reaction observed
in the wolves is as follows: Dharma bit Gordon’s rear leg; Gordon ran away;
Dharma then pursued Gordon by biting his leg again; Gordon ran away but
Dharma sped up and bit Gordon once more. During Stage 3, most of the wolves’
behaviors were directed toward social objects, that is, their conspecifics, rather
than towards non-social objects ðX2

ð1Þ ¼ 20:24; p \ 0:0001Þ.
Stage 4 of the SI period began on Day 50. The appearance of coordination

between the different schemas of actions characterizes this stage. For example,
Tilly grabbed a log with her mouth, ran away with it, and then began to chew it. In
Stage 4, compared with the behaviors exhibited in Stage 3, the wolves were more
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inclined to explore physical objects, as illustrated by the fact that their number of
interactions with inanimate objects was comparable to the number of social
interactions with each other ðX2

ð1Þ ¼ 0:02; p ¼ 0:89Þ. For instance, in Week 10, a

large cardboard box was introduced in the outdoor enclosure, and this captured the
wolves’ attention. Even if all three wolves simultaneously interacted with the box,
there was no social interaction between the wolves, as all of their attention was
directed towards the physical object. In Stage 4, it was also observed that the
exploration of the environment (physical or social) by the wolves was character-
ized by the predominant use of the mouth: 88 % of the wolves’ secondary circular
behaviors involved the mouth. This observation highlights the fact that at this stage
wolves explore the world by using their mouths much more than their paws
ðX2
ð1Þ ¼ 32:42; p \ 0:01Þ.
We did not observe any behavior from Stage 5 or Stage 6 in our video

recordings, which ended when the wolves were 76 and 79 days old. It was
therefore concluded that tertiary circular reactions are either not present in the
wolves’ behavioral repertoire, or that these behaviors emerge solely after Week 11
of development.

7.2.5.2 Development of Object Permanence

In the visual pursuit tests, on the first and second days of testing (Day 24 and 25),
the three wolves failed to follow the object up to its point of disappearance. On the
third day of testing, two wolves (Tilly [Day 29] and Dharma [Day 32]) instantly
reached Stage 3 of OP: they demonstrated the ability to follow the object during
the entire trajectory and searched for the object behind themselves. However, one
wolf (Gordon [Day 26]) solely reached Stage 2 of OP during his third day of
testing: he was able to follow the object up to its point of disappearance but did not
made any attempt to search behind his back. Gordon reached Stage 3 of OP on his
fourth day of testing (Day 29). In summary, the wolves reached Stage 2 and Stage
3 of OP by the mean age of 29 and 30 days, respectively. Then, all wolves moved
on the formal tests of OP, which started on Day 35.

Table 7.4 presents the individual performance of each wolf as a function of
each test in each week. When a wolf failed a test, the same test was rerun the next
week. However, on two occasions, the same wolf (Gordon) failed a test and was
retested during the same week. As one can see in Fig. 7.1, the performance in the
tests among the wolves was relatively homogenous: the wolves reached the same
stages of OP at around the same age.

Most specifically, our wolves succeeded the partial occlusion problem (Test 1–
Stage 3) at the mean age of 36 days. These first results are consistent with those
obtained during Week 5 in the visual pursuit test. Success in the single visible
displacement problem with initiation of movement by the wolves (Test 2–Stage
4a) was reached by the mean age of 53 days. Two wolves (Dharma and Gordon)
passed Test 3 (Stage 4b) on their first attempt, but one wolf (Tilly) failed it,
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meaning that she may have committed the A-not-B error. However, out of the 4
errors she made on her first attempt in Test 3, Tilly searched four times behind box
B and never behind box A (which was her target box in Tests 1–3). So, in spite of
her failure on her first attempt in Test 3, we concluded with confidence that Tilly
did not make any perseveration errors. Therefore, the wolves did not commit any
A-not-B errors and they succeeded on Test 3 by the mean age of 59 days.

The wolves succeeded the sequential visible displacements (Test 4–Stage 5a)
by the mean age of 65 days. By succeeding at these problems, the wolves dem-
onstrated their first real understanding of the visible displacement of objects.
Double visible displacements (Test 5–Stage 5b) were mastered by the mean age of
67 days, and triple visible displacements (Test 6–Stage 5b) were mastered by the
mean age of 71 days. The result of the latter was judged as the date the wolves
understandably mastered the visible displacement of objects.

In Test 7 (Stage 6a), two wolves failed the single invisible displacement
problem and one wolf (Dharma) succeeded it. However, Dharma’s performance in
Test 7 was later discarded from the results. Indeed, both coders who reviewed the
videotape of this particular test for this wolf agreed that methodological artefacts
could explain her success. For instance, the target object occasionally came out of
the transport device when the object was being moved to the target box, and, in
one trial, the wolf was released by E2 before the end of the manipulation. On the
other hand, when the manipulations were performed correctly (Gordon’s and
Tilly’s Test 7), the wolves failed the problem and lost interest in the task, sug-
gesting incomprehension of the invisible displacement problem. We therefore
concluded that the wolves did not reach this stage of OP before the age of
12 weeks, that is, when we terminated the study.

7.2.5.3 Comparison with Domestic Dogs

As one of the objectives of the current study was to provide a comparison between
dogs and wolves in regards to the development of their understanding of OP, we
tentatively compared the performance of wolves in the OP tests with that observed
by Gagnon and Doré (1994) in domestic dogs. As a reminder, Gagnon and Doré
compared seven groups of dogs of different age, ranging from 4 weeks to

Fig. 7.1 Day of success for
each wolf as a function of
each stage of development of
OP. The two shaded areas
represent the periods of time
during which the study was
interrupted due to illness
(Day 38–51) or the death of
Devra (Day 56–61)
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9 months. In Gagnon and Doré (1994), when a group of a particular age failed to
pass a test, the same test was administered to the next oldest group. Based on
Gagnon and Doré’s data in the visual pursuit tests and formal OP tests, we were
able to identify the average age at which domestic dogs reached each stage of OP.
Figure 7.2 illustrates the mean day of success of our three wolves (as a group) and
of the dogs in Gagnon and Doré’s study as a function of each stage of OP. As one
can see, dogs’ OP appears to develop at a faster pace than the one in wolves. In
Stage 2 and 3, there were practically no differences between either species. From
Stage 4a to 5b, however, the difference between dogs and wolves was striking: the
dogs reached each stage at a much earlier age than the wolves. Depending on the
stage, the difference ranged from 9 to 15 days.

However, given that the testing of OP in wolves had to be interrupted twice
during the course of the current study, the results in wolves must be asterisked. We
can suspect that the wolves would have been able to succeed some of the tests at an
earlier age if they had been tested sooner during their development. To provide a
better comparison between dogs’ and wolves’ development of OP, we estimated
the mean age to which the wolves would have succeeded if testing had not beed
delayed. To do so, we first calculated a differential ratio between the mean day to
which dogs and wolves reached Stage 2 and Stage 3 (i.e. before the first inter-
ruption of the study). Then, we estimated the mean day of success of the wolves
from Stages 3 to 5 by multiplying the mean day of success of dogs by this ratio.
The result of this estimation is illustrated in Fig. 7.3. As one can see, if the wolves’
testing had not been delayed, the wolves’ results would have been quite similar to
those of the dogs. However, we are plentifully conscious that this later approach is
far from being perfect. Nevertheless, it helps to refine the results observed in
wolves and illustrates that both species possibly have a very similar development
of OP.

Fig. 7.2 Mean day of success for dogs (original data from Gagnon and Doré 1994) and wolves
(current study) as a function of each stage of OP. The two shaded areas represent the two periods
of time during which the study in wolves was interrupted. Data for Stage 2 were obtained by the
visual pursuit tests and those for Stages 3–5b were obtained via the formal OP tests
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7.2.6 Discussion of Results

This study had two principal objectives. The first was to assess the development of
OP in the gray wolf and compare it with the previous results found for the
domestic dog (Gagnon and Doré 1994). The second was to observe the develop-
ment of SI in the gray wolf and determine whether OP and SI develop at the same
rate. To simplify the presentation, the results of the development of OP and SI are
discussed separately. But first, a few methodological factors should be considered.

First of all, our small sample size reduces the certainty with which we can make
generalized conclusions, and our results should be interpreted with caution. The
same goes for our conclusions pertaining the exact moment in which wolves
reached the different stages of OP, as the study was interrupted twice during a
critical period of the wolves’ cognitive and physical development. However, it
should be noted that the wolves failed some OP tests that were administered after
these two periods of interruption, suggesting that had testing not been suspended,
they would not have reached that level of OP anyway. In addition, it is without a
doubt that the small number of videos we were able to record limits the extent of
the richness of the conclusions that can be made about the development of SI in
wolves. For instance, we may have missed the appearance of some behaviors that
characterized a particular stage. Consequently, the current study should be largely
perceived as a pilot study, especially in regards to the timing at which the different
stages of OP and SI occur. Nevertheless, we are confident that the conclusions
regarding the general development of OP and SI are properly judged and well
founded.

Fig. 7.3 Estimated mean day of success for wolves (to take into consideration the two periods of
time during which the current study was interrupted) and the mean day of success for dogs
(original data from Gagnon and Doré 1994) as a function of each stage of OP. Data for Stage 2
were obtained by the visual pursuit tests and those for Stages 3–5b were obtained via the formal
OP tests
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7.2.6.1 Development of Object Permanence

Overall, our results suggest that the development of OP in wolves is very similar to
the one observed in domestic dogs (Gagnon and Doré 1994). It was observed that
by the age of 4 or 5 weeks, both the dog and the wolf are capable of keeping track
of an object that moves behind them. Around 5 weeks of age, both species succeed
at Stage 3 problems. Thereafter, although it is difficult to establish with certitude
the exact moment when wolf pups truly achieve Stage 4 and 5 of OP, the rate of
development is mostly alike in both species. Our results also reveals that wolf
pups, just like dog pups, do not commit the A-not-B error (Fiset and Plourde 2013;
Gagnon and Doré 1992, 1994). In addition, between Weeks 8 and 10, dogs and
wolves are both capable of succeeding at triple visible displacement problems. By
the age of 12 weeks, however, both species fail invisible displacement problems.

The closeness of the rate at which dogs and wolves develop OP in the first
stages can potentially be explained in part by the fact that the visual abilities of
both species mature around the same age. In a study conducted by Lord (2012),
dog pups and wolf pups were examined to determine the precise moment in which
their olfactory, auditory, and visual senses fully develop. Their vision, which is
critical in succeeding at OP tests, is only fully mature on Week 6 of life, which is
also the time the dog and wolf pups in our study began demonstrating the capacity
to truly locate disappearing objects. Prior to this time, neither species was capable
of tracking and retrieving objects that had disappeared (Stage 3). This then poses
the question of whether this failure was due to inability to see properly during their
first weeks of life. Further testing is necessary to explore this idea.

In the current study, the 11-week-old wolves were unable to solve single
invisible displacements. On the other hand, Gagnon and Doré (1994) reported that
domestic dogs can resolve invisible displacement problems around the end of their
first year of life. This introduces the possibility that wolves also reach Stage 6 of OP
when they are around one year old. This would then explain the absence of this
stage in our results, as our experiment was terminated by the end of Week 11 of life.
This hypothesis is contradicted by the results of Fiset and Plourde (2013), who,
using a spatial translation task administered to domestic dogs and adult wolves,
demonstrated the incapability of either species to resolve invisible displacement
problems. However, it should be noted that Fiset and Plourde (2013), in contrast
with Gagnon and Doré (1994), did not use the Piagetian invisible-displacement
problem. Given that translational problems are perceived as more difficult than
those developed by Piaget (Fiset and Plourde 2013), it still remains possible that the
adult wolves could solve the latter. However, recent work (Collier-Baker et al.
2004; Fiset and LeBlanc 2007) rejected the conclusion that adult dogs may solve
Piagetian invisible displacement problems. These authors found that dogs primarily
search as a function of the position of the displacement device and that, to a lesser
extent, the presence of an experimenter behind the apparatus increases success in
invisible displacement problems. Based on these last observations, we do not
believe that adult wolves are capable of solving Piagetian invisible displacement
problems. Nevertheless, this hypothesis remains to be confirmed empirically.
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7.2.6.2 Development of Sensorimotor Intelligence

In investigating the development of SI in wolves, we can conclude that Stage 1 and
2 are both attained before the age of 23 days, Stage 3 is acquired during the fourth
week of life, and Stage 4 is reached during the eighth. However, our observations
did not allow us to detect any behaviors of Stage 5 or 6 in wolves by the end of
Week 11 of life, when our study was terminated. This last conclusion contrasts
with that of Frank and Frank (1985) who suggested that 10-week-old wolves may
reach Stage 5, and possibly Stage 6, of SI. How can we explain the discrepancy
between our study and the one performed by Frank and Frank? First, it is possi-
ble—like Dumas and Doré (1991) argued about domestic cats, which also do not
reach Stage 5 of SI—that this is simply due to the complexity of such behaviors,
and that observing these behaviors during natural interactions with the environ-
ment is very rare. Secondly, our study, similar to the approach used by Piaget
(1954) with children, relied exclusively on behavioral observations to determine
the stages of SI reached by the wolves. Contrarily, Frank and Frank created an
experimental procedure in which young wolves had to perform tasks of increasing
complexity to extract a food dish from a box. They then interpreted the behaviors
of the wolves following criteria for SI. However, as pointed out earlier, in Frank
and Frank, the wolves may have used strategies from Stage 3 to resolve problems
that were supposed to be Stage 5, rendering their results difficult to interpret. We
are therefore confident that the current study reinforces the conclusion that wolves’
SI is limited to Stage 4, which is similar to what was observed by Frank and Frank
in domestic dogs, supporting the hypothesis that all canine species present a
similar development of SI.

Based on our observations, several general conclusions on the development of
SI in wolves can be made. Firstly, the role of secondary circular reactions in young
wolves seems to be a dominant factor in their development of SI. Behaviors like
biting other wolves or objects, pawing or kicking, scratching the ground, wrestling,
and tugging objects, were displayed with great frequency. Primary circular reac-
tions, in contrast, were barely present, only being exhibited during activities like
moving around, or gregarious behaviors such as snuggling. Even at a very young
age, the pups seemed significantly more oriented towards external objects. This
interest in the external world and the pups’ tendency towards secondary circular
reactions can be explained by the fact that wolves demonstrate an early devel-
opment of motor coordination (Lord 2012). This early acquisition of locomotor
skills, which emerges by the end of the second week of life, allows wolves to
explore their environment, most likely allowing them to develop an intrigue for
external features. By comparison, locomotor development in dogs emerges by
Week 3 of age and is fully functional by Week 4 (Lord 2012). However, since no
one has yet investigated the development of SI in dogs, it still remains to deter-
mine the exact role of locomotion on the development of SI in canines.

In the current study, it was also noted that the majority of secondary circular
reactions, despite their large number, were expressed principally through the wolf
pups’ mouths. This link between the dominance of behaviors issued through the
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mouth and secondary circular reactions is characteristic of the third stage of
sensorimotor development. In fact, in children, the third stage of the sensorimotor
period is defined by the ability to grip objects, which is also first expressed through
the mouth. Moreover, in wolves, the third stage of SI is reached before the third
stage of OP, which is unlike in children, where the development of these two
concepts occurs in a relatively synchronized manner. We hypothesis that the early
development of mobility and grip—an ability demonstrated by the use of the
mouth in wolves—favors the rapid development of the first three stages of SI,
which leads to asynchrony between OP and SI development in wolves. Interest-
ingly, this asynchrony in the wolf is very similar to that observed in the domestic
cat (Dumas and Doré 1991), another species that acquires mobility and grip at an
early age.

Finally, it was remarked that during their first interactions with the external
world (Stage 3), the wolves predominantly oriented their behaviors towards their
conspecifics, supporting observations by Lord (2012), who found that the wolf’s
period of socialization begins at 2 weeks of age. Interestingly, the wolves’ con-
stant interactions with each other may explain, in part, their development of OP.
Indeed, since wolves are highly mobile and move around, they frequently disap-
pear from each other’s sight. From this we can postulate that they gradually learn
or acquire the ability to keep track of their conspecifics by developing the mental
capacity to remember where they have disappeared in the surrounding environ-
ment. Future work should explore the possible link between the development of
OP and wolves’ tendency to interact with mobile social objects.

7.3 Conclusion

In conclusion, the current study suggests that both domestic dogs and gray wolves
share a similar evolutionary past that, over several thousand years, shaped their
ontogenetic development of OP (and possibly SI) in a similar way. For instance,
both species are gregarious and in the wild chase prey for survival. Since these
skills necessitate the ability to keep track of moving objects, this fact potentially
explains why both dogs and wolves present a similar development of OP. How-
ever, to acquire a more complete understanding on this question, future studies
must include other canine species, as well as increase the sample size of species. In
addition, the current research provides a first description of the ontogenetic
development of SI in wolves by using criteria from Piaget’s theory of cognitive
development, suggesting that OP and SI in canines develop in an unsynchronized
manner. A systematic comparison between dog and wolf development of SI and
OP, however, is needed to further understand the reasons underlying this unbal-
anced relationship, especially in regards to the development of canines’ senses.
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Chapter 8
Measuring the Behaviour of Dogs:
An Ethological Approach

Claudia Fugazza and Ádam Miklósi

Abstract What are ‘dog cognition’ studies actually studying? What role does the
dog play in behaviour research? In this essay we consider how to study this species
from the ethologist’s perspective by providing a critical summary of the various
approaches and explaining how these can answer questions on function, evolution,
mechanism, and development and by highlighting the potential pitfalls in meth-
odology. It is impossible to claim that one dog is more dog-like than others and it
is now evident that even the concept of breed per se presents some problematic
issues from the canid ethologist’s perspective. Thus for any sampling it is fun-
damental to keep in mind what is the research question and to choose the subjects
according to what aspects are expected to be relevant. In general the researcher
should include a wide range of purebred dogs and mongrels living in human
families in a representative sample. When sampling for investigations comparing
wolves and dogs, we must bear in mind that dogs present a mosaic pattern of wolf-
like traits and cannot be ranked along a strict continuum when assessing their
differences from wolves. Therefore for comparative studies and also when the
research question regards general dog abilities, a mixed sample of purebred dogs
and mongrels is advisable. It is probably even more important to ensure that all
animals have had similar past experience, especially with regard to humans.
It should be noted that those dog owners that participate on a voluntary basis in a
research program are already a specific sub-sample because it is very likely that
those owners are particularly interested and take special care of their dogs. Thus it
is also likely that these owners want to be part of the experiment and these dogs
may actually also ‘need’ the presence of the owner. If the experiment is designed
carefully the presence of the owner should not interfere with the outcome. The lack
of a generally accepted ethogram is hindering behaviour research on dogs. The
scientific community should aim for developing a categorical list of behaviour
units that forms the basis of behavioural observations and experimental work.
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8.1 Introduction

Dogs are quite remarkable creatures when it comes to their study from the
behavioural perspective. Many see them as companions of humans, and our spe-
cific, sometimes intimate, relationship with them may make any scientific inquiry
necessarily subjective. For others dogs represent a specific case in the evolution of
social cognition because dogs may have evolved a potential to share their lives
with humans. Finally, there are many practitioners, including professional dog
trainers, behaviour counsellors or self-made experts who struggle daily to explain
dog behaviour by comparing them to either wolves or children, or who rely on
their subjective experience for interpretation. This situation brings about
unavoidable disputes and misunderstandings, which are caused mainly by the lack
of a commonly agreed foundation on how to study dog behaviour. Along with
many others we suggest that this common ground should be deduced from the
biological study of animal behaviour, that is, ethology.

The key advantage of this approach is that ethology always regards behaviour as an
outcome of four basic processes (function, evolution, mechanism, development) and
emphasises the need for a detailed behavioural description of the natural behaviour
(Tinbergen 1963; Miklósi 2007). This chapter deals with the last issue in detail.

We assume that humans provide the natural environment for modern dogs even
if this anthropogenic environment is quite variable, ranging from a flat on the top
of a skyscraper to a village in the savannah. However, in order to keep the topic
focused we restrict our discussion to dogs that are regarded as members of human
families. Nevertheless many issues raised in this chapter could be useful in
studying dogs that do not live in a (very) close relationship with humans. The
thoughts presented here are aimed to establish a common ground for behaviour
research in dogs that is essential if researchers want to improve the internal and
external validity of their data and share their results.

8.2 What is a Dog?

Finding a sample for research that is representative of ‘dogs’ is not as easy as it
might seem at first sight and it is imperative to have a clear idea about the aims of
the research and the associated specific questions in order to make correct
sampling.

If we consider that a 2 kg Chihuahua and an 80 kg Great Dane belong to the
same species, it is immediately evident that dogs are one of the species with the
largest variation in their morphological phenotype. Importantly, from the evolu-
tionary point of view, a breed is an artificial population of dogs created by humans
through backcrossing and inbreeding to set desired traits. Each single breed
derives from a mixture of different dog populations, not from a single ancestor and
even if breeders often claim ancient origin for their breed, genetic studies show
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that many dog breeds have been recreated over the history using individuals from
other breeds (e.g., Larson et al. 2012). The subsequent sexual isolation of these
populations resulted in a unique genetic pattern for each breed (Parker 2012).

From an ecological point of view, the dog population consists of two different
sub-populations that live in very different environments: (1) family dogs, that live
in families as pets and whose reproduction is usually controlled by humans and (2)
village dogs, that live mainly in the areas of the world where artificial breeding is
not widespread (e.g., Africa, Asia) and do not have any ancestor that belongs to
any specific breed but are thought to be shaped most recently by natural selection
rather than by artificial human selection (Coppinger and Coppinger 2001). Actu-
ally, this situation may have changed during the last few 50–80 years in places
where purebred dogs abandoned by humans hybridised with the local dogs pop-
ulation (e.g., Australia). Few studies have been conducted on village dogs (but see
Pal et al. 1998; Pal 2008, 2010) whereas much of the research on dogs’ behaviour
has been conducted on family dogs. The conclusions drawn from such studies
should not be automatically extended to other sub-populations that evolved in
different environments.

8.2.1 Dog Breeds

A breed is defined as an intra-species, semi-closed breeding population that shows
relatively uniform phenotypic (morphological) characteristics developed under
controlled conditions by human action (Irion et al. 2003) (see also Duffy and
Serpell, this volume). Unfortunately this definition does not take into account that
there is also a variation over time in some dog breeds because they are subjected to
genetic drift and genetic influx from other dog populations (Fondon and Gardner
2004). Furthermore, as the result of artificial human selection the phenotype and
the genotype of dog breeds can change within relatively short time.

According to the international breeding rules of the FCI (Fédération Cyno-
logique Internationale), ‘puppies from pure-bred dogs of the same breed holding
FCI recognised pedigrees are considered to be pedigree puppies and are therefore
entitled to be issued FCI recognised pedigrees’ (Federation Cynologique Inter-
nationale AISBL International breeding rules of the FCI 1979; http://www.fci.be;
p.7). It is immediately evident how pedigrees deal more with kinship than with
general phenotype. The official description of a breed is the breed standard.
Unfortunately, despite being very precise regarding morphological characteristics,
breed standards only very rarely contain the depiction of any behavioural trait and,
even when this is mentioned, it is often vague and misleading (e.g., the Bolognese
is described by the ENCI—Ente Nazionale Cinofilia Italiana, the Italian national
institution affiliated to the FCI—as: ‘very serious, apparently not very lively.
Creative, docile, attached to its companions until selflessness’; www.enci.it).
Breeders rarely base their breeding decisions on the behaviour of the dogs, and
behavioural standards have never been established.
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Originally breeds were selected for some specific functions (e.g., retrieving
game, pulling sledges etc.) and therefore they were characterised by specific
physical and behavioural features for carrying out these particular tasks. Never-
theless, for the traits that were not specifically selected for, which represent a high
percentage of the overall phenotype, there is a substantial overlap among the
breeds (Coppinger and Coppinger 2001; Overall and Love 2001). It is often
estimated that the behavioural variation within a breed is comparable to the one
that present among the breeds. Furthermore by the beginning of the 1900s dog
breeding became more focused on physical or aesthetic criteria (e.g., selecting
traits that were appreciated in the dog shows) rather than on specific working
abilities. A well-known example of this changed tendency in breed selection is the
German shepherd: those subjects that were originally bred for working purposes
look very different to from those that are appreciated today in the shows. The latter
ones would probably be unable to perform their original task due to the exag-
gerations in their morphological conformation.

8.2.2 Mixed Breeds

A large proportion of the dog population does not belong to any pure breed. Apart
from the subpopulation of village dogs, mixed breeds (mongrels) are the offspring of
either two purebred dogs of different breeds (F1 of two purebred dogs), of other
mongrels, or even of two dogs that seemingly belong to a breed but do not own a
pedigree. Due to the fact that the official definition of purebreds and mixed breeds
does not take into account any evolutionary background, if the researcher aims to
study some trait that is hypothesised to be specific for mixed breed dogs, it seems wise
to exclude subjects that look like a purebred but have no pedigree and dogs that are F1
crosses of two breeds, and include only dogs that descended from mongrels. Gácsi
et al. (2009a) found that such a sample of mongrels performed worse than purebred
dogs of cooperative working breeds in utilizing the human pointing gesture to locate
food. The authors suggested that while the cooperative breeds have been selected for
attending human indications, present day mongrels originate from a population that
has been under selection for skills that promote independence (e.g., their reproductive
success was not supported by humans). Thus it is likely that mongrels’ independent
problem-solving abilities prevail over the motivation to be guided by humans.

Mongrels often have a different rearing background than purebreds. The latter
are usually bred on purpose by a breeder and thus are kept in a facility or in a house
and (usually) experience human contact from very early in development. Mongrels
are usually the result of some unwanted or uncontrolled litter and may live the first
part of their puppyhood independently from humans. Early experience is known to
affect behaviour in many respects (e.g., Scott and Fuller 1965) and this has to be
taken into account in order to prevent any unwanted bias in the results. Particularly
if one aims to compare purebred dogs and mongrels it is very important to make
sure that the subjects in the two groups have the same raising history.
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8.2.3 Single-Subject Studies

The reliance on single subjects in studies on behaviour is usually greeted with
mixed feelings in ethology, raising the question whether knowledge gained from a
single individual is of any value. The usefulness of single-subject studies depends
on the question to be asked. If one wants to find out whether some specific skill is
present in a species then such studies may have merits. Such investigations should
be regarded as pilot experiments that can, nevertheless, narrow down the phe-
nomenon. However, it is also important that these studies rely on carefully
designed protocols (see Kazdin 1982 for single cases designs). Such case studies
should also help in finding out the conditions in which the skill can be observed
and give a lot of hints about potential limitations in performance. Usually such
studies are followed by more extensive research on a larger number of subjects.

Such case studies are often done when studying linguistic abilities. Kaminski
et al. (2004) reported that Rico, a 9-year old border collie knew the names of more
than 200 items. Especially the finding that Rico could rely on learning by
exclusion raised the interest in repeating these findings with other dogs. Subse-
quently, it was shown that two other border collies showed partly similar per-
formance in similar tasks (Kaminski et al. 2009). Later, Pilley (2013) reported that
Chaser, another 9-year old Border collie, could understand the syntax of short
sentences. Thus it seems that in special cases dogs may rely on complex com-
municative signals. It is another question however, what such experiments tell us
about the function of the dog mind, and its everyday performance. It is likely that
such skills as those of Rico and Chaser fall outside the species-typical range and
may be regarded as ‘by-products’ of other traits selected for by evolution.

What single-subject studies do not do is provide explanations regarding the
mechanism of the underlying cognitive abilities. In order to answer these kind of
questions the number of subjects must be increased. Following this reasoning, on
the basis of a single subject study by Topál et al. (2006), which showed that a dog
was able to reproduce human-demonstrated actions, we recently investigated the
details of the social learning processes involved in this ability—with special
attention to the memory supporting imitative skills in dogs—on a larger sample
(n = 8) (Fugazza and Miklósi 2013).

8.3 Comparative Studies

Traditionally comparative cognition focused on human-ape comparisons, but
nowadays there is growing interest for comparative studies in a range of species,
including wolves and dogs (e.g., Hare et al. 2002; Miklósi et al. 2003; Udell et al.
2008). The rise of this interest stems from the increasing scientific agreement on
the consideration of dog domestication as an evolutionary process during which
the potential for functionally human-like social skills emerged in dogs as a result
of the selective pressure created by the anthropogenic environment.
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The observation of this functional similarity in humans and dogs raised the idea
of convergent evolution of specific traits between these two species (see Topál
et al. 2009) but unfortunately there is limited consensus on the issues raised in such
comparative studies (e.g., Hare et al. 2009; Udell et al. 2008; Wynne et al. 2008).
The dispute’s main focus is to identify and possibly separate genetic and envi-
ronmental contribution to the emergence of specific skills. We argue that in some
cases the clarification of methodological issues and the improvement of the
experimental design may also help in avoiding unnecessary debates between
scientists with different perspectives.

8.3.1 Wolves and Dogs

Through comparative studies it is possible to tackle questions about skill evolu-
tion; the main aim of dog-wolf comparisons is to discover what specific features
emerged in dogs as a consequence of the evolutionary process of domestication.
For example, Miklósi et al. (2003) demonstrated that dogs show a readiness to look
at the human face in problematic situations that is not present in wolves, even after
intensive socialization. The authors suggested that these enhanced communicative
skills emerged through both evolutionary and ontogenetically positive feedback
that in turn allowed complex forms of human–dog communication to take place.

Unfortunately the basic rules for comparative research are not easy to follow
and it seems that their violation in several studies in wolf-dog comparisons has
resulted in contradictory results. When comparing different species it is essential to
keep in mind that the performance is not simply the direct output of some
underlying cognitive ability because there are other variables that affect behav-
iour—such as motivation, previous experience, and the experimental conditions
created by the researcher by using a particular experimental design. It is therefore
extremely important to equalize as much as possible all the known variables that
might affect the behaviour in the two or more populations to be compared.

For example, Hare et al. (2002) compared dogs’ and wolves’ ability to rely on a
human pointing gesture to find hidden food in a two-way choice task. They aimed
to test the hypothesis that dogs acquired better communicative skills during
domestication. Dogs outperformed wolves on this task and this result led the
authors to conclude that domestication enhanced dogs’ communicative skills.
Although this conclusion was later partially supported by other studies (e.g.,
Miklósi et al. 2003), the method used in that study did not allow the scientists to
exclude alternative hypotheses, because the two compared populations differed in
a range of variables. For example, as noted by Packard (2003), dogs and wolves
differed in their level of socialization toward humans. The circumstances of the
test were also different for the two samples. It is also probable that the wolves and
dogs differed regarding their previous experience with the objects and procedures
used in the experiment (e.g., in the case of pointing experiments, if food is placed
in bowls, it is necessary that both wolves and dogs have experience of eating from
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bowls). Indeed, the performance of the wolves was uniformly low on any version
of those tests, suggesting that they did not have the prerequisite experience on the
basic requirements of the task (Miklósi et al. 2004). It was later suggested that
intensive socialization improves the performance in wolves because they can learn
to attend to the human who performs the pointing (Virányi et al. 2008). In addition,
Gácsi et al. (2009a) indicated that the skill of relying on the human pointing
gesture develops later in wolves. Udell et al. (2008) reported that socialized wolves
outperformed dogs in a simpler form of the pointing task and shelter dogs tested
outside performed much worse then socialised wolves. Later Pongrácz et al.
(2013a) found that family dogs performed equally well on the human momentary
distal pointing test when it was run indoors or outdoors, suggesting that different
kinds of pointing procedures can have different sensitivity.

The contradictory results on wolves and dog performances were followed by a
heated debate regarding to what extent the differences could be attributed to
genetic or environmental factors (Hare et al. 2009; Miklósi and Topál 2011; Udell
et al. 2010; Udell and Wynne 2011), somewhat reflecting the old debate on ‘nature
versus nurture’: Udell et al. (2010) concluded that ontogeny plays a major role in
determining canids’ ability to understand the human communicative gestures,
whereas other authors, while not denying the importance of ontogeny, attribute the
emerging species difference to genetic predispositions acquired through the
domestication process (e.g., Gácsi et al. 2009b; Hare et al. 2009). The most honest
observation to make here is that this debate could have been avoided by following
the principal guidelines for comparative studies. Importantly, the genetic effect can
only be investigated if other confounding factors (e.g., rearing conditions, previous
experience) are controlled for and equalized in the two samples. Wolves and dogs
need to be socialized at comparable levels and have comparable experience with
the situations designed by the experimenter. If this rule is not followed, it is
impossible to disentangle the factors that contribute to their performance because
both genetic predispositions and/or environmental factors (i.e. previous experience
and socialization) might affect the results. When comparing wolves and dogs some
other inherent differences must be taken into account:

1. Differences in their maturation rate Wolves and dogs may show differences in
maturation; already during early puppyhood their sensory systems mature
differently (Lord 2012). Typically wolves mature sexually approximately a year
later than (most) dogs (Packard 2003), and within dogs there is also a high
variation in the age at which they reach sexual maturity. It seems therefore wise
to select for testing subjects at the age of 2 years but at this age wolves can be
less willing to collaborate in experiments, unless they are used to frequent
experimental work and intensively socialized.

2. Differences in socialization The different level of socialization can be equalized
either by extensively socializing members of both species immediately after
birth or by ‘feralizing’ dogs, avoiding human contact with them and keeping
both wolves and dogs in semi-wild conditions. However, if some human
interaction is necessary for the testing procedures, the first option is preferable.
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In this case, the socialization of wolves requires particular care and they have to
be kept separated from conspecifics for their first 4–6 months (Klinghammer
and Goodman 1987). Different socialization programs are carried out by dif-
ferent research groups. In some cases wolves and dogs are kept in fenced areas
and are raised by humans in peer groups and as adults they receive daily human
contact and training (e.g., Utrata et al. 2012). In other cases they are raised as
family pets, and live in human families (e.g., Miklósi et al. 2003). The effect of
these differences in socialisation on the subsequent performance is not known
but it is very likely that extensive training (which is not usual for family dogs)
affects their behaviour.

3. Differences in motivation Wolves and dogs may be motivated differently for
food and for social contact (Frank and Frank 1988). Whereas in laboratory
animals deprivation is almost routinely used to equalize motivation, this is not
feasible with family dogs for obvious ethical and practical reasons. Access to
favourite toys seems to be motivating as much as food for some dogs and
experience suggests that there is a huge variability in motivation for different
kinds of rewards in this species, but unfortunately at present there are little data
on the influence of the quality of reward on dogs’ motivation and performance
(but see Feuerbacher and Wynne 2012; Pongrácz et al. 2013b).

8.3.2 Comparison of Dog Breeds

The same considerations mentioned above also apply for breed comparisons.
Unfortunately, when comparing large specific populations of purebred family dogs
those conditions are even more difficult to fulfil—particularly regarding the
equalization of rearing condition, socialisation, and previous experience (including
training). So far this has probably been only achieved by Scott and Fuller (1965);
however, those dogs were kept in confinement. It is easy to imagine how difficult
can be to equalize the environmental factors for family dogs that live with their
owners, especially if we compare it with the work on laboratory animals where the
experimenter has complete control over the subjects’ life.

Breeds can be compared with regard to breed-specific or non-specific skills and
tasks with very different results. It could be expected that comparing retrievers and
livestock-guarding dogs in a retrieving task might lead to significant differences in
their performances, while in a non-specific task no difference would probably
emerge. For example Pongrácz et al. (2005) found no differences in a detour
task—a non-specific task—in a sample of ten different breeds. The lack of dif-
ference on this task suggests that this trait may have not been selected for or
against in these dogs—although, importantly, similarity in performance could be
also explained by different genetic and mental mechanisms and the canalising
effect of the human environment.
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Any comparison of two breeds may reveal specific differences that are inde-
pendent from the breed selection. It is more advantageous to compare two (or
more) groups of breeds in which a differential selection can be supposed (e.g.,
‘‘hunting dogs’’ versus ‘‘sheepdogs’’). This logic was followed by Gácsi et al.
(2009b) who compared dog breeds selected to work in visual contact with the
human partner with breeds selected for working while visually separated from
him. They found that dogs relying on visual contact for cooperation were better in
choosing on the basis of the human pointing gesture. Importantly, all dogs were
kept as pets without any specific experience, thus part of the difference in per-
formance is probably of genetic nature. Similarly Passalaqua et al. (2011) tested
dogs belonging to three different breed groups (basal breeds (e.g., Alaskan mal-
amute), hunting and herding breeds (e.g., border collie), and molossoid/mastiff-
type breeds (e.g., boxer)) for their tendency to look at humans in problem-solving
situations. They did not find any significant difference looking behaviour in two-
month-old puppies kept in pens by their breeders but a significant difference
emerged at four and one-half months old and with adult dogs that lived with their
owners. Hunting/herding dogs looked more often at the human than did the basal
breeds and molossoids.

It should also be noted that there are differences in the dog–human relationship
among different countries due to cultural reasons and this might in turn affect the
dogs’ behaviour. For example, Wan et al. (2009) noted that German shepherds in
Hungary are more likely to be kept outdoors while in the U.S. this breed is more
likely to be kept as pets, to be taken to dog schools, and is generally rated higher
on a scale for confidence and aggression.

The researcher should be aware that claiming specific differences between dog
breeds can have significant consequences, not only in terms of a breed’s popularity
among breeders and owners but also regarding how this might influence legislation
about dog breeds. For example, characterising a breed as ‘aggressive’ may led to
arguments of banning these dogs from breeding (Overall and Love 2001).

In summary, it is necessary to ensure that the subjects under study (1) have been
exposed to the same physical and social stimulation, (2) live in the same envi-
ronment, (3) have comparable behavioural constitution and (4) have the same
motivation level. If these factors are not controlled for, it becomes virtually
impossible to draw conclusions on behavioural differences in terms of genetic or
environmental and experience-based influences.

8.3.3 Dogs and Children

From the beginning of dog research there has been a tendency to propose com-
parative work with children. For example, Scott and Fuller (1965) pointed out that
children and dogs could be compared regarding their behavioural development.
Both family dogs and human children share the same environment (i.e. the human
family) and this makes the comparisons relatively straightforward because similar
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levels of socialization and experience of the social environment can be assumed.
To some extent their social experiences can also be similar. For example, it has
been shown that owners’ pet-directed speech and infant-directed speech (‘moth-
erese’) are similar, as are some behaviours of adult humans toward dogs and
infants (Hirsch-Pasek and Treiman 1981; Mitchell 2001; Prato-Previde et al.
2006). In addition, dogs and children can be observed and tested in their natural
environments (i.e. the house or the laboratory where they come with the parent or
owner) (but see Rooney and Bradshaw, this volume, for a different approach to
what is the natural environment of the dog).

It should be also obvious that the behaviour (and mental skills) of children and
dogs are very different in many respects. They also differ with regard to freedom of
movement (see below) and in their range of actions, including fine motor abilities.
In addition, infants rapidly start to develop linguistic skills. In spite of this,
comparative research can point to functional similarities and convergences in
social skills in infants and dogs. Lakatos et al. (2009) compared dogs, two-year-
old, and three-year-old children in their ability to use different pointing gestures
and found that dogs’ performance is similar to the two-year-olds, whereas the
older children were able to attend to more complex communicative signals. Thus
the development of this ability is probably facilitated in children by the production
of similar pointing gestures in different communicative situations, including lan-
guage learning.

In the preverbal period of development, infants’ cognitive abilities are exper-
imentally studied by means of experimental procedures that are often also
exploitable for dogs—if their differences in sensory and manual abilities are taken
into account. Topál et al. (1998), for example, tested dogs with a modified version
of the Strange Situation Test (Ainsworth 1969) that is commonly used by psy-
chologists to test attachment in children. They found that dogs develop an
attachment toward the owner that is functionally similar to the attachment present
in infants toward their mothers.

8.4 Notes on Experimental Methodology for Testing
Family Dogs

Ethologists prefer to study the behaviour of animals in their natural environments.
Nevertheless, when researchers aim to answer questions on animals’ mental skills
it is often necessary to test the subjects in a laboratory setting. In this regard dogs
represent a remarkable case: their natural environment being the same as ours, we
can test them in the laboratory—that often looks more like a living room—
assuming that this is similar to their natural environment. Thus dog behaviour and
mental skills can be studied in carefully controlled experiments the conditions of
which closely resemble the natural situation. In this way experiments on dogs
often resemble those that are designed for children: dogs (like children) can visit
the laboratory for the testing occasions instead of being raised and kept in the
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laboratory and the testing situation should not be considered very different from
what most family dogs experience in their everyday life (e.g., visiting different
places and environments with the owner). Importantly, in this laboratory setting,
the experimenter can control and/or alter the variables that are expected to affect
behaviour.

Raising and keeping dogs in the laboratory and testing them with the traditional
experimental paradigms for laboratory animals such as rats should be the last
resort when studying dog behaviour. Dogs observed and tested under such
impoverished environmental conditions can be hardly considered representative of
family dogs because, even if some enrichment is provided, the complexity of their
social stimulation is very different from what dogs experience when living in a
human family. It is therefore our suggestion not to keep dogs in the laboratory but
instead to invite owners to bring along their dogs for testing, which usually can be
regarded as a game or a recreational activity for both dog and owner.

8.4.1 Owner Effects

The most relevant component of most dogs’ natural environment is the presence of
the owner(s) with whom they maintain a special relationship. Living in the human
society dogs are often exposed to different human individuals and it has been
shown that they attend preferentially to their owner compared to a stranger
(Mongillo et al. 2010). Furthermore different studies using a modified version of
the Strange Situation Test demonstrated that dogs show patterns of attachment
behaviour toward their owner (Gácsi et al. 2001; Gácsi et al. 2013; Mariti et al.
2012; Topál et al. 1998). It was also shown that dogs’ performance in problem
solving situation is affected by their tendency to behave socially dependently
(Topál et al. 1997). In contrast to dogs that were kept outside of the house for some
working purpose (e.g., guarding dogs), dogs living in a companion relationship
with their owners and who were considered as family members interacted with the
equipment in a problem-solving situation only after some encouragement by their
owners. The tendency of dogs to interact with humans in a social unit has to be
considered when designing experiments and raises the problem of testing with or
without the owner. Thus it is important for the researchers to understand what the
critical issues of testing the dog in presence or in the absence of the owners are.

8.4.1.1 Testing Without the Owner

The absence of the owner might elicit fearful or stress-related behaviours, espe-
cially in the laboratory, because most dogs are not used to being left alone at a new
location. This stressful situation may interfere with their performance.

In some cases the owner might be replaced by familiar laboratory personal or
another human companion of the dog. Although the presence of the person may
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help to alleviate the dogs’ fear, s/he is not an adequate replacement for the owner.
For example, Horn et al. (2013) reported that dogs are more interested in watching
their owners than another familiar person; this preference reflects the relationship
they have with their owners, rather than mere familiarity.

8.4.1.2 Testing in the Presence of the Owner

Testing in the presence of the owner presents its own problems. In novel situations
dogs may rely on the active encouragement of the owner (see above) which can be
considered as a form of social facilitation. Furthermore, even a passive owner (as
mothers of infants) can make the subject comfortable with the environment and
thus contribute to improved subject performance. However, in this social situation
dogs may be more prone to rely on owner-directed behaviour when facing a
problem situation. Thus it is difficult to separate the performance of the dog from
the one of the ‘team’ (dog plus owner).

The presence of the owner can have both direct and indirect effects on the dog’s
behaviour. The direct effects might arise when the subject is tested in problem
solving situations when the owner could be aware of the goal. In this case the
owner might be unaware of displaying cues to the dog that increase the perfor-
mance: the Clever Hans effect (Pfungst 1911). Such situations can be avoided if
the owner is not informed of the goal of the task used in the experiment and of
what is considered correct performance (blind experiment) or if the owner is
physically blindfolded during the test. Although no Clever Hans effect was found
in a two-way object choice test on dogs (Hegedüs et al. 2013), other authors
(Horowitz et al. 2013; Prato-Previde et al. 2008) have emphasised that ostensive
communication has a significant influence on dogs’ performances in different
behavioural situations and Clever Hans effect can occur in different tasks,
including scent detection (Lit et al. 2011; Szetei et al. 2003).

However, an informed owner might behave in a more natural and relaxed way
than an unknowing or blindfolded one and this may in turn indirectly affect the
behaviour of the dog (e.g., Topál et al. 1997). This indirect effect should not be
considered as a bias because, especially in experiments where performance is
expected by the dogs in an unfamiliar situation, it is important that they feel com-
fortable enough to perform as they would in a more natural condition. Furthermore,
as negative results are difficult to interpret, it is important to exclude the possibility
that the subjects did not perform because they were too stressed in that situation.

Owners often want to be present during the tests because they want to know
what happens to their dogs; instructions should ensure that they do not interfere
with the procedure in any unwanted way.

Summing up the problem of testing in presence or in absence of the owner:
there is more support for having the owner involved in the experiments with family
dogs because this represents a more naturalistic situation for the dogs. This method
has also precedent in experimental child psychology. At the same time, it is
important to keep the behaviour and knowledge of the owner under control.
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8.4.2 The Effects of Dog Training and its Use
in Research

Many years ago dogs became ‘family members’ in a quite natural way, through
everyday interactions with other members of the group. Although this is still the
situation in many places, a growing number of family dogs today are subjected to
specific training. The reasons for this change do not concern us here (but see
Miklósi 2014); more important is the specific effect of such experience on the
behaviour and performance of dogs in the research setting.

Training experiences may affect dogs’ behaviour in the testing situation.
Marshall-Pescini et al. (2008) observed trained and untrained dogs in a problem
solving situation (Fig. 8.1). For each dog an experimenter demonstrated how to
open a box and after that the dogs were allowed to open the box themselves. The
results showed that trained dogs were more successful and spent also more time
interacting with the box while untrained dogs looked more at their owners. In a
subsequent paper the same authors Marshall-Pescini et al. (2009) report that
although untrained, search-and-rescue, and agility dogs showed similar perfor-
mance, dogs in the former group looked back more often at the owner during the
trial, and this behaviour was most common in agility dogs. Differences also
emerged when the dogs faced an unsolvable task—wherein agility dogs again
looked more frequently at their owners. Although looking behaviour can be
influenced by many factors (e.g., breed), these differences suggest that previous
training may also affect the pattern of communication between dog and owner.

Other observations indicate that training can reduce neophobia in dogs, but it
can also affect the motivation of the dog in solving a task; that is, these dogs may
be more persistent (Marshall-Pescini et al. 2008). In addition, training may
improve the motor skills of dogs and also change the hedonistic value of some
incentives. For example, trained dogs could be rewarded by receiving an object
(ball) for a short play. This means that the level of previous training should be
considered as an important external variable that could affect both the performance
in a particular experiment and also the outcome of a comparative study. For
example, members of one breed are more likely to be trained then other dogs (e.g.,
hunting dogs versus lap dogs).

In the case of a problem-solving task researchers should also consider that most
family dogs actually do not ‘work for their living’: that is, they are fed by their
owners independently of any performance. This means that these dogs are less
likely to cooperate in long training and testing sessions.

Training procedures can be also useful to investigate on particular cognitive
abilities. For example, training dogs to copy human demonstrated actions on
command enabled scientists to study their imitative abilities (Topál et al. 2006;
Huber et al. 2009) (see also Huber et al., this volume) and their memory of human
actions (Fugazza and Miklósi 2013). Through this specific ‘Do as I do’ training
procedure the dogs learn that they are required to copy and this makes the testing
procedure quite straightforward because the researcher is not required to set up a
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complicated situation in which the dog is expected to be motivated to copy a
demonstrator (Fig. 8.2). Importantly, in case of negative results, the researcher can
rule out several different explanations, such as lack of the basic requirements to
understand the situation and lack of motivation in the testing situation.Specific
training methods may be used to estimate dogs’ perceptual abilities—particularly
olfaction, (Gazit and Terkel 2003; Johnen et al. 2013)—especially because they
have practical applications (see also Gadbois and Reeve, this volume).

Unfortunately the field of dog training has received very little attention from
researchers and most of the training methods have not been formally validated by a
scientific approach (Miklósi 2014). The obvious problem here is that dog training
is usually regarded as a ‘politically sensitive’ area, and researchers do not want to
get involved in this. Although there is a desire for up-to-date training methods to
live up to welfare requirements, it should also be noted that dog training should be
done more in line with the ethology of the species and there is not a single best
method for all cases. This would suggest that researchers should compare the
efficiency of training methods objectively with regard to specific contexts and dog
breeds (e.g., Fugazza and Miklósi submitted).

In conclusion, it is advisable to avoid lengthy training procedures in behaviour
observations of family dogs, but in specific cases training some individuals may be
required for detecting more subtle problem-solving and mental skills.

8.5 Describing Behaviour

Students of behaviour have long struggled with the definition of behaviour. In a
popular book on behaviour methods Bateson and Martin (1986) define behaviour
simply as an ‘action and reaction of the whole organism’. More recently, one of
the authors (A.M.) has suggested extending the definition offered by Levitis et al.
(2009) by defining behaviour as an ‘internally coordinated action or pose of the

Fig. 8.1 Family dogs facing
a problem solving situation
often try to get the owners’
attention by looking at the
owner. This seems to be an
alternative tactic for ‘solving’
the task, because earlier
experience may have taught
them that the owner would
help in this case (Photo:
Claudia Fugazza)
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whole living organism (individuals or groups) in space and time projected onto its
body plan in relation to the environment to internal and/or external stimuli’
(Miklósi 2014). The reason for this more extensive definition is that published
descriptions of behaviour—or more precisely behaviour units—are usually quite
poor and selective. They focus only on a small part of the body and often do not
include the relationship with the particular environment.

It is important to state that it is often the researchers’ fault that behaviour
descriptions are vague. In the case of measuring behaviour the tool of the mea-
surement is the human mind, and this ‘equipment’ has both advantages and lim-
itations. One limitation is how we sense (see and hear) behaviour with our species-
specific sensory capacities; by contrast, we are very good in observing ‘patterns’
and labelling categories. Providing a solid method for describing behaviour is not
easy. An overview of the problems and discussion of ways to improve may help to
establish a general framework for dog behaviour.

8.5.1 The Human Observer and Degrees of Freedom
in Movement

Actions and poses are features of the body. The more complex the body plan is, the
more complex actions and poses can be expected. In mechanics the number of
possible actions executed by an object can be calculated by taking into account the
independent motions that are possible with that particular configuration considering
the rigid parts, joints, etc. The same process can be applied to animals, and
accordingly one could determine the maximum number of actions and poses of, for
instance, a dog body. As the method for determining behaviour is human

Fig. 8.2 It may be necessary to train dogs specifically if the researchers want to study a specific
mental skill. Fugazza and Miklósi (2013) trained dogs to repeat a demonstrated action on
command. This method of imitation training can help researchers understand the abilities (and
limitations) of dogs in performing novel actions after watching a demonstration. a Owner (or
trainer) demonstrates the action; b Dogs executes a matching action after the ‘Do it’ command
(Photo: Claudia Fugazza)
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observation, such an approach to defining behaviour units is totally useless because
(1) some of these possible actions may occur very rarely, (2) some may have no
particular function and (3) no observer would be able to remember and distinguish
so many actions reliably. Thus ethology relies on the opposite method, according to
which human observers (1) look for specific actions of behaviour that occur in
specific situations, (2) aim to describe behaviour by using the lowest number of
units, and (3) focus on specific (local) aspects of the action, disregarding the form
and shape of the whole body. This reductionist approach proves to be very useful in
making the behaviour amenable for straightforward statistical analysis. At the same
time this process involves a major loss in information, and, thus, changes in the way
the human observer defines the same behaviour could lead to different results.

For example, Miklósi (2007) has identified at least six different ways of
‘describing’ (characterising) agonistic behaviour in wolves of dogs. The simplest
way is to use a single dimension (no aggression (1)–threat display (5)) (e.g.,
Svartberg 2005) which almost totally disregards the temporal and spatial com-
plexity of the behaviour. Other more sophisticated descriptive systems may
include different aspects of body movements for defining exclusive behavioural
categories. For example Hooff and Wensing (1987) define ‘low posture approach’
by referring to low head position, backward oriented ears, and bent tails and legs.
It is clear that the behavioural observations based on these two methods cannot be
compared to each other.

The same is true for the more behaviour-oriented descriptions (e.g., Schenkel
1947; Tami and Gallagher 2009) that refer to different aspects of the same behaviour.
In the case of assertive behaviour some studies focus on the body posture or tail, while
others include gazing and the visibility of the teeth. It is never really clear whether the
parts of the body which are not included in the description are left out because of
ignorance or because they do not differ from an assumed ‘relaxed’ state of the dog.

In order to develop a full account of dog behaviour—an ethogram—researchers
need to agree on what parts of the dog’s body play a role in displaying any
behaviour (structured ethogram). Next they should catalogue all possible states of
specific body parts (e.g., eye, leg, ear, etc.). Finally, they should provide a
description of the behavioural units by referring to the actual shape or form of all
body parts identified in the former analysis. This approach would ensure compa-
rability across studies but would not restrict researchers from lumping behaviour
units at some later point in the analysis. Such structural analysis of dog behaviour
would help not only in the comparison of wolves and dogs (and dog breeds), but
also in a more effective understanding of causative factors of behaviour.

8.5.2 Categorisation and Labelling

Once researchers have detailed structural descriptions they may want to define
states or categories of behaviour, label them, and build a hierarchical system of
behavioural organisation. Many problems arise because the labelling often
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precedes the detailed behaviour analysis and the labels do not refer to the
behaviour but to some hypothetical inner state or to the presumed effect (‘func-
tion’) of the behaviour. For example, one may label a specific behaviour confor-
mation as ‘friendly’ or ‘confident’. At first sight such solutions may be justifiable
because these labels are common with regard to human behaviour, and may help
both in the recognition and in the categorisation. However, the problems should
also be recognised. First, in these cases behaviour is defined on the basis of a
hypothetic inner (mental) state. Second, there are no specific or objective criteria
and rules for developing such a categorisation system. As a consequence, the
categories of dog behaviour are drawn from anthropomorphic categories a priori,
before any deeper investigation (e.g., on function) is actually executed. In an ideal
case the dog ethogram should not depend on the richness (or poverty) of human
vocabulary (e.g., friendly, sociable, amicable, affectionate). Obviously, it would be
difficult to deny that in certain situations dogs are in a fearful state which is
comparable to those ascribed to humans, but it seems to constrain the objective
analysis when ‘fear’ is used as a label for behaviour.

The classic example for using a label of (possible) function is when researchers
describe the encounter of two dogs or a dog and a human as ‘greeting’. The
function of greeting behaviour could be to strengthen or enforce the social rela-
tionship between the partners after long separation (e.g., overnight) but in any case
this function should be tested specifically before such statement can be made. The
behaviour interactions that take place between two encountering wolves, dogs, or a
dog and a human may be similar or different and also may serve the same or
actually different functions. Greeting behaviour can be more intensive and fre-
quent in the dog–human relationship as compared to the intraspecific interaction
among wolves or dogs. Thus ‘greeting’ in dogs may be controlled by different
factors. McGreevy et al. (2012) present a very useful analysis by comparing some
behaviour categories in dog–dog, human ? dog or dog ? human (the base of the
arrow indicates the promoter) interactions. They also show that despite the func-
tional compatibility of dog and human behaviour there are many differences on
both sides. For example, both humans and dogs can ‘pin down’ the other but dogs
may use their body while humans use their hand.

Similar problems arise when one refers to ‘dominant’ or ‘submissive’ behav-
iours. This labelling indicates that the observer assumes that the respective
behaviour is shown only by the ‘dominant’ or ‘submissive’ animal, which is not
obvious a priori. Even worse is the use of these behaviours as an explanation for
dominance hierarchies, especially because most researchers agree that ‘domi-
nance’ refers to a relationship between two specific individuals (e.g. Bradshaw
et al. 2009; McGreevy et al. 2012). Thus ‘dominance’ should be clearly distin-
guished from a tendency to displace the other, which is probably a personality
character (‘assertiveness’).

Nevertheless one may hypothesise that one or the other type of behaviour may be
displayed differently at the individual level. For example, Fatjó et al. (2007) observed
social interactions in a small captive pack of wolves. It might be noted that social
behaviour among captive animals may not resemble interactions in natural packs.
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This study also found that only a small subset of ‘dominant or submissive behav-
iours’ were reliable indicators of hierarchical relationships. They found that the
position of the tail could be used to infer the social relationship while this was not
the case with ‘teeth baring’, ‘tongue licking’ or ‘ear position’ (Fatjó et al. 2012).
Thus there seems to be no reason to categorise these behaviours as being ‘dominant’
or ‘submissive’. It is also interesting to note that these authors refer to ‘ambivalence’
when the interacting individuals show a mix of ‘dominant’ and ‘submissive’ signals.
However, it is not clear how the concept of ‘ambivalence’ helps in explaining the
complex nature of interaction: is ‘ambivalence’ an individual character or a conse-
quence of the interaction? Based on an analogy to humans, ambivalence may indicate
the congruent activation of approach and distancing tendencies in the specific situ-
ation (‘hesitation’) and/or characterise an individual who is generally uncertain
(slow) in making decisions. A further possibility mentioned by Fatjó et al. (2007) is
that ‘ambivalent’ behaviour acts as a signal and may affect the behaviour of the other.

It is clear that our tendency to anthropomorphise and the fact that these
anthropomorphic categories can be sometimes used efficiently in practice (e.g.,
Wemelsfelder 2007), strongly hinder the development of purely neutral description
of dog behaviour. It is important to be aware of the possible pitfalls of relying on
the ‘human instrument’ for observing and measuring behaviour (see Horowitz and
Hecht, this volume).

8.5.3 Toward a More Objective Measure of Dog Behaviour

Theoretically, many of the above concerns could be alleviated if (at least part of)
the behavioural measures could be made without direct human involvement.
Recent developments in technology have led to many new ways of recording and
quantifying animal and human behaviour. One solution to the problem is provided
by miniaturised sensors which can be put on the animals’ bodies and measure the
direction of displacement, speed and acceleration in three-dimensional space.
These new tools allow for an unprecedented approach to behaviour because they
can measure features of the movement that had been not available before (e.g.,
intensity/velocity of movement), and also offer a more objective categorisation
of actions. Although this latter feature has not been used often, recent studies have
shown that this so called bio-logging method can be applied to dog behaviour.
Dog-attached accelerometers were applied in order to record locomotor activity
(Preston et al. 2012), consequential maintenance energy requirements (Wriggles-
worth et al. 2011), and gait patterns (Barthélémy et al. 2009).

Gerencsér et al. (2013) developed a new sensor combination (GPS, acceler-
ometer and gyroscope) in order to measure different behaviours in freely moving
dogs. This small device can be placed on the dogs’ harness without having any
effect on the overall movement pattern. At first, the dogs were walked on a
predetermined path and then a human coder used six behaviour categories (lay, sit,
stand, walk, trot, canter, gallop) to describe the behaviour of the dog. Next, by the
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means of a learning algorithm the system was taught to recognise the respective
behaviours based on the inputs from the sensors. Following this training the system
was tested by using new recordings from the same dogs or other dogs. It could
recognise these six behaviours on average with 80–90 % fidelity (Gerencsér et al.
2013). As expected the device performed best when the training and testing was
done on the sensor data obtained from the same dog, but very reliable detecting
rates were also reported if the system was trained and tested on different breeds
(Belgian Malinois and Labrador retriever). The performance of the system could
also be improved by including more dogs for the training.

Although at present the bio-logging systems are able only to record simple
actions, this can already save time and allow the researcher to concentrate on the
finer aspects of the behaviour. The miniaturisation of the sensors and the incor-
poration of other technological innovations could make the recognition of more
complex patterns also possible in the not-too-distant future.

Other specific applications are also available which allow researchers to look at
behaviour at a finer level than previously. For example, such service is provided by
the ‘eye tracker’ which follows dogs’ eye movement in space (Somppi et al. 2011)
(see also Rossi, Smedema, Parada, and Allen, this volume). The general
assumption is that the looking pattern indicates visual attention including expec-
tancies about future events. In line with this Téglás et al. (2012) found that dogs
displayed a higher rate of gaze-following after the human addressed them in a
communicative way. Using this method will allow researchers to get closer to the
underlying cognitive processes that control behaviour that would be impossible by
using only naturalistic observations.

8.5.4 Direction of Future Research on Dog Behaviour

The behavioural study of dogs is a growing field and will continue to grow.
Researchers should be prepared for the accumulation of huge piles of data on
various aspects of dog behaviour. This information will be most useful if
researchers strive to establish common guidelines for the collection of behaviour
data. Given the diversity of approaches ranging from psychology to ethology—and
including animal welfare and applied aspects of dog behaviour and dog training—
this task is not easy. But the ethological method for describing behaviour at the
level of movement pattern may provide a common ground.

Sharing data could be an important step in this direction. But any sharing is
meaningful only if researchers are clear about what they actually share. This is the
case in the study of genetics, where researchers share a sequence of nucleic acids
and the units are well-defined chemical compounds (adenine, thymine, glutamine,
and cytosine). However, it makes little sense to share pure numbers representing
behaviours (in terms of frequencies, durations) when the definition of the behav-
iour has not been agreed upon. A few years ago Kampis et al. (2010) developed a
web-based system that facilitates the exchange of videos among students of animal
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behaviour (http://www.cmdbase.org). This system has the further advantage that
the videos can be edited, linked to pdf files, and complemented by written remarks.
A well-edited video sequence allows the viewer to observe the dog’s behaviour in
context, in addition to understand the experimental method and the particular
details of the investigation. Viewing each other’s recordings and interpretations
could help to reveal an optimal solution for providing a general framework of
describing and defining dog behaviour.
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Chapter 9
Looking at Dogs: Moving
from Anthropocentrism to Canid Umwelt

Alexandra Horowitz and Julie Hecht

Abstract As a companion to humans, the domestic dog is naturally interpreted
from a human-centered (anthropocentric) perspective. Indeed, dog behavior and
actions are often explained by using anthropomorphisms: attributions to the dog
that would hold if the actor were human. While sometimes useful, anthropomor-
phisms also have the potential to be misleading or incorrect. In this chapter we
describe work to replace an anthropocentric perspective with a more dog-centered
research program. First we detail research systematically testing anthropomor-
phisms of emotional complexity—the appearance of guilt and jealousy—that are
made of dogs, by testing the context of appearance of the ‘‘guilty look’’ and by
testing advantageous and disadvantageous inequity aversion. Relatedly, we
describe research looking at the contribution of specific dog physical attributes to
human preference and anthropomorphizing. Finally, we identify anthropocentric
and canid-centric elements of our own and others’ research, and suggest ways that
research can be more sensitive to the dog’s umwelt.

9.1 Introduction

The domestic dog is once again a subject of science. In the twentieth century, dogs
were most often recognized in behavioral science for their role in Pavlov’s
development of conditioning theory. By contrast, the new study of dogs,
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‘‘dog cognition’’ research, views dogs less as a neural system exemplifying a
learning process than as a species itself of interest for its skills.

Canis familiaris is unique among psychological and ethological scientific
subjects for its ubiquity in Western culture and households. And this ubiquity itself
affects how the dog has been investigated: for in this research with dogs, the
subjects are most often owned dogs, household pets, whose social group is as much
humans as it is conspecifics. This fact distinguishes them from almost all other
research subjects, in lab, farm, or field; either domesticated or not.

In part for that reason, dogs are a subject about which much information might
appear to be known already: far from exotic and unknown, the species is familiar,
recognizable, and navigates a human-centered world daily. The primary inter-
locutors with dogs are dog owners, who manage what is often one or two decades
of living together with relatively few mishaps (Sanders 2003). Owners’ alleged
‘‘understanding’’ of their dogs is the backdrop for new scientific studies of dogs.
While scientists approach the dog ab initio, with no assumptions other than species
identification and genus affiliation, owners typically make regular assertions about
what their dogs, or even all dogs, can understand, see, experience, want, believe,
and know.

A scientific approach to animals calls these assertions likely anthropomor-
phisms—that is, claims that a nonhuman animal has attributes characteristic of
(and only proven of) human animals. As a matter of method and philosophy, most
researchers try to avoid rampant anthropomorphisms. While any particular claim
about another species’ abilities may indeed be correct, the determination of the
claim’s correctness is considered an empirical matter, not one that can simply be
asserted. To anthropomorphize, then, is to make an unfounded claim. Neither is it
explanatory (Wynne 2007).

Nonetheless, insofar as anthropomorphisms represent simply the human per-
spective on, or way of seeing, non-humans, some degree of anthropomorphizing
may be inevitable (Horowitz and Bekoff 2007). Indeed this is just one kind of
anthropocentrism that is characteristic of and in some cases definitional of behav-
ioral science. With this in mind much of the research in our lab has been to address
and redress anthropocentrism by (a) directly addressing anthropomorphisms made
of dogs, (b) determining what prompts specific anthropomorphisms to begin with,
and (c) developing methods for a more dog-centered research approach.

This chapter briefly reviews the history of use of anthropomorphisms, in
behavioral science and pre-scientifically. We then describe contemporary attitudes
about these assertions, as well as their investigated effects on the dog-human dyad.
Having introduced the topic conceptually, we review empirical studies largely
from our lab (the Horowitz Dog Cognition Lab at Barnard College) exploring the
appropriateness of specific attributions of emotions made to dogs. As a comple-
ment, we describe research into why we anthropomorphize.

Relatedly, in the final section we review recent dog cognition research with this
anthropocentric/umwelt lens: both highlighting methodological elements which are
anthropocentric in approach, and could be re-considered, and also methods
attentive to the umwelt of the dog.
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9.2 Anthropomorphisms

Anthropomorphisms pre-date contemporary scientific and lay attitudes to animals;
representations in Paleolithic art, forty thousand years ago, have been described as
anthropomorphic (Mithen 1996). For millennia, weather and even gods have been
anthropomorphized. Anthropomorphisms may stem from the discovered useful-
ness of using what one knows about oneself to predict others’ behavior (Serpell
2003). In that way, anthropomorphism might have proved valuable to our human
ancestors trying to anticipate the behavior of, for instance, predators by projecting
human emotions and motivations onto them. The contemporary scientific attitude
toward these attributions begins, interestingly, with the figure otherwise a radical
innovator of our view of animals: Charles Darwin.

Characteristically, in his The expression of emotions in man and animals,
Darwin was untroubled to claim that back-scratches ‘‘pleased’’ cats, to have seen
birds faint when ‘‘terrified’’, and to assert that dogs ‘‘pretend’’ to fight during play
(Darwin 1872/1979). His contemporary George Romanes followed suit, explaining
his attributions by noting: ‘‘…we are justified in inferring particular mental states
from particular bodily actions’’ (Romanes 1883). While a behaviorist backlash was
immediate, by the mid-twentieth century a more nuanced approach was emerging,
noting the value, for instance, in using anthropomorphic language to describe
captive primate behavior (Hebb 1946). Similarly, observers have shown high
agreement in qualitative assessments of pig expressions, an indication that even
‘‘subjective’’ descriptions may transcend subjects (Wemelsfelder et al. 2000).
More recently, a new study of anthropomorphism itself has emerged—both
assessing attributions empirically, and aiming to provide a psychological account
of anthropomorphic beliefs.

Seminal work has shown that humans more readily anthropomorphize that
which bears a real or superficial similarity to themselves, physically as well as
behaviorally (Heider and Simmel 1944; Mitchell and Hamm 1996). Subjects more
readily ascribe mental states to objects whose movements appear similar to typical
human motion (Morewedge et al. 2007). Additionally, people more readily ascribe
complex cognitive abilities to other primates as well as companion animal species,
like dogs and cats, than to non-primates and non-pets (Eddy et al. 1993).

The relationship between dogs and humans is indeed special: while farm ani-
mals are described as ‘‘managed’’ or ‘‘handled’’ (Hemsworth 2003), for many dog
owners the relationship is more familial than managerial, with some viewing their
charges as ‘‘children’’ or ‘‘fur babies’’ (Greenebaum 2004). Many caretakers ask
their companion dogs to participate in society as if they too were human, dressing
them in clothing, staging pet ‘‘weddings’’, and maintaining social media accounts
in their name. All are unnecessary for the dog’s role as a social canid. Modern
companion dogs are members of a new class readily viewed through an anthro-
pomorphic lens.

The fluidity and ease with which dogs move alongside humans contributes to
the anthropocentric light in which they are considered. In one study in which
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people were asked to describe a scene between a dog and a person, subjects largely
used ‘‘psychological’’ descriptors (Morris et al. 2000). These attributions, partic-
ularly that of ‘‘mindedness,’’ carry into individuals’ ordinary interactions with
dogs. Owners’ claims of their dogs’ understanding and thought-processes are often
transposed thoughts from their own heads. For instance, an owner explaining how,
on a rainy day, her dogs will ‘‘just put one foot outside the door and then go over to
where the cookies are kept [so as to say]: ‘Well, technically we went out’’’ is not
an unusual statement (Sanders 1993).

9.2.1 Testing of Anthropomorphisms

One line of work in our lab examines anthropomorphisms of animals. First, we ask
whether attributions of secondary emotions made to dogs are well founded. Two
studies are described below. Both emanate, in part, from evidence that the great
majority of dog owners believes that their dogs experience secondary emotions:
three-quarters (74 %) say that their dogs experience guilt; and 81 % believe their
dogs experience jealousy (Morris et al. 2008). These attributions are of interest, as
dogs’ long association with and selection by humans suggests that they may dis-
play a rudimentary sense of morality (Bekoff 2004); similarly, the history of
domestic dogs suggests that the species might have a highly developed sense of
what is called ‘‘fairness’’ or even ‘‘justice’’ in primate literature (Brosnan 2013).
Second, we describe research looking at the contribution of dog physical
appearance to human anthropomorphizing.

9.2.1.1 Guilt

Attributing ‘‘guilt’’ to dogs has long standing: even the great animal observer
Konrad Lorenz (1954) wrote of the dog’s ‘‘bad conscience’’ on doing a misdeed.
The claim is not simply that a dog looks guilty, but that he may feel guilty, having
done something ‘‘wrong’’ or which breaks household rules (Sanders 1993). The
attribution appears to be based on the recognizable ‘‘guilty look’’ of the dog,
especially when this behavior is noticed around the time of an act which has been
forbidden (or in the vicinity of evidence of that past act). The ‘‘guilty look’’,
according to owner and behaviorist report, includes a combination of any of the
following behaviors: avoiding eye contact (Darwin 1872/1979), rolling over,
offering a paw (Lorenz 1954), retreating from the owner (Cheney and Seyfarth
2007; Whitely 2006), holding the tail low and head or ears back (McConnell 2006;
de Waal 1997), tongue-flicking, freezing, and a low wag.

Thus, to test the connection of these behaviors associated with the guilty look
(hereafter, ABs) to actual guilt—that is, a misdeed—a simple two-by-two design
was used, where the appearance of ABs was the dependent variable (Horowitz
2009a). The experimenter recruited fourteen dog-owner dyads (subjects dogs: 6 m,
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8 f; mean age 2:6 (range 0:8–9:0); 6 mongrels, 8 purebreds) and performed the
experiment in their homes. The owners were told to instruct their dog not to eat a
desired treat, and then the owners left the room. The dogs (videotaped throughout
the owners’ admonishment, absence, and later return) had the opportunity during
the owners’ absence to eat the forbidden treat.1 When each owner returned to the
room, she was told whether or not her dog ‘‘obeyed’’ the instruction, and to greet
the dog if so, or respond with scolding if not. Each dyad participated in four trials,
over which two conditions were varied: dog obedience and owner response. In the
first condition, the subject either disobeyed (ate the treat) or obeyed (did not eat the
treat). In the second condition, the owner was either informed that the dog had or
had not eaten the treat, and thus responded to the dog by greeting or scolding,
respectively.

Crucially, the report the owner received of the dog’s behavior was not always a
true report of the dog’s behaviour. In two of four trials the owner was misinformed
about the dog’s behavior: told that the dog had obeyed when in fact the dog had
eaten the treat, and told that the dog had disobeyed when he had not.

The subject dogs’ behavior was coded from the videotape for number of ABs
after owner return in each trial. There was no significant main effect of the dogs’
obedience on the number of ABs (F(1, 13) = 1.59, p = 0.23, r = 0.33). This
indicates that the rate of ABs was similar whether the dogs ate the treat or did not eat
the treat: whether each dog was ‘‘guilty’’ or ‘‘not guilty’’ of violating his owner’s
command. There was a significant main effect of the response of the owner on ABs
(F(1, 13) = 29.22, p \ .001, r = 0.83). Scolding the dog led to significantly more
ABs than greeting the dog, whether the dog had obeyed the owner’s command or
was guilty of violating the command. These two results indicate that ABs were a
response to owner scolding more than to the dog’s own actions. Interestingly, there
was a significant interaction effect between the obedience trials and the owner’s
response (F(1, 13) = 5.69, p = 0.03, r = 0.55): scolding when the dog had not
eaten the treat led to the most ABs.

From this study we can conclude that the hypothesis that ABs, the ‘‘guilty
look’’, increase when a dog disobeys, is not borne out. Instead, owner scolding
behaviour caused an increase in the guilty look. Thus, when the dogs were scolded
but ‘‘innocent’’, the ABs they displayed were not a reflection of dog guilt but of an
owner’s perception of dog guilt. Since many ABs—such as rolling over, tucking
the tail between the legs, and pressing the ears back—are submissive behaviors
(Darwin 1872/1979), the ostensible ‘‘guilty’’ look may simply be a look of
anticipation of, and attempted avoidance of, punishment (Horowitz 2009a).

In an extension of this experiment, research examined the anecdotal claim that
dogs display a ‘‘guilty look’’ to non-scolding owners who are ignorant of any
misdeed (Hecht et al. 2012). Thus the question is raised whether owners are

1 Disobedience was assured by the treat being offered to the dog by the experimenter after the
owner left the room, and obedience, by the treat’s immediate removal. In pilot trials, no
difference was seen in the dogs’ behavior whether they ate the treat because it was provided by
the experimenter or of their own accord.
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misremembering (or selectively remembering) past incidents or whether it was the
misdeed, not the scolding, that prompted dogs’ ‘‘guilty look.’’ Here, again, in a
related paradigm, the rate of ABs did not rise with disobedience (n = 52; z =

-1.512, p = 0.131). Additionally, owners could not determine based on dog
behavior alone whether their dog had obeyed or not (p = 0.623).

Thus the attribution of an experience of ‘‘guilt’’ to dogs, based on the ‘‘guilty
look’’, is unfounded, a pure anthropomorphism. Of course, these results do not
indicate that domestic dogs do not experience guilt, only that the ‘‘guilty look’’ is
not indication of it. Instead, humans misinterpret a learned or instinctive sub-
missive response as one indicating much more awareness than we have evidence
of. Importantly, this mis-attribution could be harmful to dogs if their owners have
expectations that the dogs do understand rules, correct behavior, and so forth, and
believe that dogs either willfully or neglectfully violate these rules.

9.2.1.2 Fairness

According to Morris et al. (2008), ‘‘jealousy’’ is the most-often attributed secondary
emotion to dogs. Dogs express jealousy, owners report, when they observe more
attention being given to someone else than to themselves. In other words, the
attribution of ‘‘jealousy’’ is founded on the observation of the dog’s noticing an
unfair distribution of attention. Our lab next tackled whether in fact, a dog has a sense
of ‘‘fairness’’. Certainly related phenomena, such as cooperation, also critical to
moral experiences (Brosnan 2006; de Waal 1997), are likely to have been part of the
evolutionary history of dogs. To go by the behavior of their relatives today, dogs’
progenitors built and maintained intraspecific social relationships in part through
cooperative interactions, such as when taking down large prey (Mech 1970;
Schenkel 1967). Dogs cooperate with conspecifics-as during play (Bekoff 2004)—
and attend to one another’s behavior, even displaying evidence of social learning
(Pongrácz et al. 2008; Slabbert et al. 1997). The dog-human relationship results, in
part, from selection for cooperative behavior—most visibly, when dogs assist the
blind or engage in other synchronous activities (Gácsi et al. 2009; Naderi et al. 2001).

Given dogs’ sociability, ability to coordinate behavior and cooperate with
humans and conspecifics, and ability to distinguish notable quantity differences
(Ward and Smuts 2007; West and Young 2002), it is reasonable to inquire whether
dogs are sensitive to unequal reward distribution.

An initial study by Range et al. (2009) investigated ‘‘inequity aversion’’ in
dogs, a model used in studies of fairness with non-human primates. The primate
research found that subjects stop participating in cooperative problem-solving
tasks after observing a conspecific receive a better reward for the same effort
expenditure (Brosnan and de Waal 2003). In this study of disadvantageous
inequity aversion with dogs—wherein a subject receives less of some reward than
another individual—two dogs sat next to one another and were asked to ‘‘give a
paw’’ for a reward. When the subject dog was not rewarded for performing the
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requested behavior, the subject stopped performing more quickly if the other dog
continued to be rewarded than when the subject was alone (Range et al. 2009).

A sense of fairness, however involves more than changing one’s behavior after
being treated unfairly (disadvantageous inequity); it also involves changing one’s
behavior when others are treated unfairly (advantageous inequity).

While advantageous inequity is rare, even in non-human primates, our lab’s
investigation of inequity aversion in companion dogs included both these aspects
(Horowitz 2012). The method was extrapolated from studies of justice in humans
(Pritchard et al. 1972). In each trial, subject dogs (n = 38) received the same
amount of reward, and the amount given to the control dog varied. Subject and
control dogs approached and were familiarized with two trainers who offered
different amounts of a reward: one provided both dogs with equal food quantities
for performing the behavior ‘‘sit,’’ and the second rewarded the dogs unequally,
either over-rewarding (3 pieces of food) or under-rewarding (no pieces of food) the
control dog. Subject dogs then chose which trainer to approach by themselves, a
‘‘fair’’ trainer or one of the ‘‘unfair’’ trainers.

In the under-rewarding trial, when the trainer gave the control dog less (no)
food, subjects were equally likely to choose the fair (16; 48.5 %) and the unfair
(17; 51.5 %) trainer (c2(1) = 0.03, p = 0.86). But in the over-rewarding trial,
where the trainer gave the control dog more food, subjects (25; 78.1 %) chose the
unfair trainer over the fair (c2(1) = 10.13, p = 0.001), a counter-intuitive result if
dogs are concerned with fairness. Ultimately, dogs were less influenced by how
they, or another dog, were treated—seeming to ignore the ethics of both advan-
tageous and disadvantageous inequity aversion—and were instead more concerned
with which trainer was doling out more food overall.

The research to date suggests that dogs do not consistently show sensitivity to
disadvantageous inequitable situations and do not consistently attend to advanta-
geous inequity. The concepts of fairness, or even justice, make more functional
sense in description of cultures with societal norms and explicit rules, such as human
culture. Dogs may be better described as socially aware opportunists. The question
of dogs’ experience of jealousy is outstanding, but this research indicates that the
correlated behavior may simply be the combination of an attention to where
resources are, and a frustration or excitement about attempting to secure them.

9.2.2 Physical Prompts to Anthropomorphisms

Not only the behaviors but also the anatomical—physical—features of dogs which
prompt anthropomorphisms can be examined. More broadly, this kind of investi-
gation is part of research on the relationship between physical traits of non-human
animals and humans’ preferences and attributions based upon them.

Humans value—and are often attracted to—objects which are similar to our-
selves: the most favored—and well-protected—species have a decidedly human-
like physical appearance and share a phylogenetic similarity to humans
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(DeKay and McClelland 1996; Kellert 1996). People are specifically interested in
the way dogs look (Weiss et al. 2012), and dogs possess many of the elements
which could make human-like attributions easy: large round eyes; distinct irises
and visible sclera; discernible and flexible facial features; and the ability to
approximate a smile, move limbs independently, and even cover or scratch one’s
face (Horowitz and Bekoff 2007). Value judgments and attributions to dogs are
heavily influenced by dog appearance, which is not surprising given the recently
proposed theory of anthropomorphic selection: ‘‘selection in favor of physical and
behavioral traits that facilitate the attribution of human mental states to nonhu-
mans’’ (Serpell 2003). Breed standards connect physical appearance and character
attributions: for instance, the breed standard for the Great Pyrenees describes its
expression as ‘‘elegant, intelligent and contemplative’’ (American Kennel Club
2013).

In our own lab we have investigated which specific dog physical qualities
attract human attention (Hecht and Horowitz 2013). By presenting study partici-
pants with two nearly identical dog images, differing only in that one physical
characteristic had been manipulated, we were able to determine people’s avowed
preference for particular physical attributes. Participants (n = 124) viewed the
images for up to 15 s and selected their preferred image. Subjects showed a
preference for some features of the ‘‘infant schema’’ (Lorenz 1950/1971), namely
large eyes (z = 3.5929, p \ 0.001) (Fig. 9.1) and a larger space between the eyes
(z = 4.986, p \ 0.001). They also showed a preference for the human-like attri-
butes tested, colored irises (z = 12.7583, p \ 0.001) and a distinct ‘‘smile’’
(z = 5.4993, p \ 0.001) (Fig. 9.2). In other research, dog coat color and ear shape
have been found to be associated with particular personality attributions (Fratkin
and Baker 2013). For instance, an unfamiliar yellow-coated dog received higher
ratings of agreeableness, conscientiousness and emotional stability than the same
dog with a black coat. These studies demonstrate that as with dog behaviors, the
contribution of elements of dog physical appearance to attributions made of them
can be investigated empirically.

Fig. 9.1 Stimuli with eyes smaller (left) and larger (right)
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9.3 Anthropocentrism and Canid-Centrism

By contrast with owners, researchers of dogs, skilled in studying animal behavior,
are generally quite sensitive to the possibility of anthropomorphizing their subjects.
Study designs attempt to avoid making undue attributions. Some anthropocentric
perspective is natural though, and quite common. Taking a step back from some
now-familiar dog-cognition research can aid in seeing how insidious anthropo-
centrism can be.

For instance, by far the most common category of experiment with dogs
examines their response to various human cues—such as facial expressions
(Buttelmann and Tomasello 2013)—and especially behaviors—such as pointing
(e.g., Soproni et al. 2002). While these studies appropriately recognize the sal-
ience, or significance, of humans in the dog’s world, there are some limitations to
their recognition of what the dog may perceive of the humans. The most
straightforward limitation is in modality: is a visual cue likely to be the most
salient cue for a species whose primary modality is olfactory? While the vision of
the average dog allows him to see a pointing hand, might not the opening of the
olfactory lode that is the human armpit be as or more informative? Questions also
remain about exactly what the pointing gesture might mean for the dog. Is what we
think of as a straightforward ‘‘point’’ an informative gesture to the dog, as com-
monly assumed, or a command (explored by Scheider et al. 2013)? The dog’s
interpretation might not match the human’s label.

The above studies exemplify the kinds of missteps that can be made: by not
considering the dog’s sensory abilities, and by labeling a behavior (of human or
dog) in a human way, instead of attempting to interpret dog behavior in a way
sensitive to the dog’s social and cognitive abilities. Disregarding, or ignorance of
the different sensory abilities and constraints of non-human animals has been

Fig. 9.2 Stimuli with no
smile (left) and slight smile
(right)
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surprisingly prevalent in animal science. For instance, for many years researchers
assumed that aposematic coloration of some animals allowed predators to see the
color—but as it turns out, many of these animals’ predators are effectively color
blind, and may be seeing color contrast only (Rivas and Burghardt 2002). Below
we focus on elements of two studies which make assumptions about sensory
abilities: about dog vision and olfaction. Then we describe components of three
studies which prematurely label dog behavior with human-relevant terms, disad-
vantageous to clear interpretation of data. Finally, a series of studies on one topic
shows how over time, research has evolved, improving sensitivity to the subject
and improving reliability of results.

9.3.1 Assumptions About Sensory Abilities

Because their vision is reasonably good, the particulars of dogs’ visual system is
often neglected in research studies. For instance, interesting work showing that
dogs are more likely to steal forbidden food in ‘‘the dark’’ than in a ‘‘lit’’ room
dismisses the idea that dog vision is different than human vision out of hand
(Kaminski et al. 2013). But research on canid behavior in natural environments
provides good evidence that these species see well—better than humans do—in the
dark: many are crepuscular or nocturnal foragers or hunters, and are most active in
these hours (Sillero-Zubiri et al. 2004). If their behavior is not entirely due to
seeing, which seems likely, it is at least done in hours which are not lit: as a result,
‘‘the dark’’ is not an uninformative environment for dogs. The anatomy of the dog
retina makes it plain how dogs see differently at night than humans do: dogs have a
tapetum lucidum, as well as a preponderance of rod cells, photoreceptor cells
which fire at low light (Miller and Murphy 1995).

Certainly dog breeds vary in visual capacity (e.g. McGreevy et al. 2004). No
breed information was given for the subjects of this experiment—but breed dif-
ferences may very well explain why some subjects chose to steal food more often
when the food was illuminated and the person was not, or when the person was
illuminated and the food was not (Kaminski et al. 2013).

Notably, even research which tackles common anthropomorphisms, such is the
claim that dogs act ‘‘heroically’’ to save owners who are drowning, in a fire, or
otherwise in danger (Macpherson and Roberts 2006), is not immune to anthro-
pocentrism. The overweening attribution that the researchers address is not that
dogs have acted in a way so as to save their owners—they may indeed have—but
that dogs act with understanding of the situation and intent to assist. The study
explicitly tested this claim by setting up artificial emergency situations, such as an
owner, accompanied her dog, conspiring with the experimenters to fake a heart
attack or pretend to be trapped under an (actually lightweight) fallen bookcase. No
dog acted to help his owner by notifying a bystander (Macpherson and Roberts
2006). While notable for taking on an anthropomorphism, even this study relies on
a critical sensory assumption: that dogs cannot distinguish, by smell or other
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means, a pretend heart attack from a real one—itself a claim which should be
tested, not presumed, given the dog’s impressive olfactory ability.

9.3.2 Premature Labeling

Comparative psychology research aims to discover the similarities, or dissimi-
larities, between the psychology of humans and non-human animals. Thus an
argument might be made that, by starting with human cognitive capacity, any
comparative psychological approach is inherently anthropocentric. However, not
all such studies need be anthropomorphic: most research is careful to assess the
behaviors of animals and humans in their respective contexts. For instance, while
point- and gaze-following by children is part of a normally developing theory of
mind, dogs’ abilities to follow a point or gaze is not typically considered evidence
that they are developing a human-like theory of mind.

Less careful has been research studying empathy, another human ability of
interest to comparative psychologists. For instance, in one study interested in dogs’
empathetic abilities, researchers measured subject dogs’ responses to an experi-
menter or owner pretending to cry (Custance and Mayer 2012). While exposure to
a (feigning) crying person may be a reasonable context for exploring empathy-like
responses in human children, there is no a priori reason to believe that dogs would
even be sensitive to actual crying, as the species does not cry. More apt, and less
anthropomorphic, would be gauging the dogs’ responses to an intraspecific ‘‘cry.’’
Relevant vocalizations dogs produce include whimpers, whines, screams, and
yelps (Tembrock 1976); the ‘‘isolation’’ bark is another candidate emotion-rich
vocalization (Yin 2002). Furthermore, while human empathy may sometimes be
demonstrated by a person’s response to conspecific crying, ‘‘responding to crying’’
does not equal ‘‘existence of empathy.’’ Neither does it for dogs.

At times, language from a human context is applied to the analysis of dog
behavior in such a way that results rest on problematic data, and may interfere with
an understanding of the behavior of the species. For instance, research on social
play which uses terms of human games—‘‘wins’’ and ‘‘loss’’—to characterize
kinds of dog behaviors, inevitably finds that some dogs ‘‘win’’ games and some
‘‘lose’’ games (Bauer and Smuts 2007). However, substantial research on social
play of mammals, including, specifically, play of dogs, does not indicate that play
bouts are resolved with ‘‘winners’’ or ‘‘losers,’’ as in a competitive sports match.
On the contrary, in ethological work, bouts are not defined by results but by
specified play behaviors (Burghardt 2005; Fagen 1981; Rooney et al. 2000), and
marked, in dogs, by the regular use of play signals (Bekoff 1972; Bekoff 1974; Fox
1978; Horowitz 2009b) (see also Bekoff, this volume). Conclusory assessments of
a category of behavior are sometimes cultivated by a limited ethogram (the set of
behaviors noted of relevance to the researchers). Such assessments can be avoided.

Finally, interesting research (discussed above) has demonstrated that dogs are
averse to inequity, when they are the recipients of the inequity (Range et al. 2009).
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In particular, dogs stopped ‘‘giving the paw’’ or ‘‘shaking’’, when no longer
rewarded for the behavior, most quickly when a social partner continued to be
rewarded. It is surely relevant that ‘‘giving the paw’’ is considered a ‘‘submissive’’
behavior by dogs (Lorenz 1954), and thus the experimental scenario is tinged with
the dynamic of the social setting alone, regardless of the change in the dog’s
fortunes.

These anthropocentric tendencies can be overcome by appeal to the existing
literature of dog ethology. At times improvement comes through running multiple
iterations of an experiment. The methods used in the study of yawning behavior in
dogs is one research topic which has improved through replication. The first
studies used video recordings of owner yawns in presentation to dog subjects
(Joly-Mascheroni et al. 2008; Harr et al. 2009) added recordings of dog yawns to
the mix. Such an addition presumably helped account for the fact that while dogs
can see video images, it is likely not the only salient sensory element of a pre-
sentation to the subjects. Silva et al. (2012) attempted to isolate the auditory
component of yawn from the visual component, and also contrasted familiar and
unfamiliar persons as stimuli for subject dogs. Here the importance of the yawner
to the dog was acknowledged. At this point, the role of the yawn as stress mod-
ulator, as described by trainers (Rugaas 2006), was not yet discussed. Recently,
though, two papers have investigated the correlation of contagious yawning and
arousal levels (Buttner and Strasser 2014; Romero et al. 2013). Our understanding
of dog yawning has substantively improved based on methodological refinements
attending to what the behavior is like for the dog.

9.3.3 Umwelt

Happily, many dog studies do take a canid-centered view. Instead of assuming
their subjects experience and perceive the world, and the experimental setting, just
as humans do, this research attends to the difference between canid and human
umwelt, the subjective or ‘‘self-world’’ of each individual and species (von Uexküll
1934/1957). Von Uexküll proposed that only through attending to each animal’s
perceptual ability and noting what is salient for the animal, could one begin to
draw a non-biased picture of the animal’s world. Differences in umwelt exist for
individuals as well as across-species: ‘‘The best way to find out that no two human
Umwelten are the same,’’ he suggested, ‘‘is to have yourself led through unknown
territory by someone familiar with it. Your guide unerringly follows a path that
you cannot see.’’

Between humans and dogs, one profound difference is sensory: while humans
are visual creatures, dogs are olfactory (see also Gadbois and Reeve, this volume).
Dog noses house hundreds of millions more olfactory cells than humans’ do, and
their corresponding brain regions are much more developed relative to their visual
areas than in humans (Lindsay 2000). Respiration and smelling occur via different
flow paths within the nose (Craven et al. 2010), and side-nostril exhalation
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diminishes odor habituation (Settles et al. 2003). As trainers of drug-, narcotics-,
and explosives-detection dogs know, their sense of smell is clearly acute (e.g.
Gazit and Terkel 2003; McCulloch et al. 2006).

Thus the dog umwelt, insofar as it can be approached, will include, at minimum,
a perceptual world different than humans’. A handful of instances of research
programs which are sensitive to their subject’s umwelt follow. They serve as
demonstration of the ways this sensitivity is manifest, and how complex it can be
to take a non-human species’ perspective into account in design and execution of
experiments.

Acknowledging the relevance of olfaction for these subjects is perhaps the most
obvious way to become more dog-centered in experimental design. It is also,
however, non-obvious how to control and systematically vary olfactory stimuli in
an ordinary experimental or naturalistic setting. Thus it is rarely pursued in dog
behavior and cognition studies.2 Exceptions exist: most have been driven by
concerns that olfactory knowledge might explain the subject dogs’ performance in
experimental trials. Thus, the olfactory cues are controlled in an additional trial
iteration to pursue that concern. For instance, early research in this field found that
dogs’ performance on invisible displacement tasks was not compromised when
olfactory cues were masked (Gagnon and Doré 1992)—evidence that subjects
were solving the tasks visually, as they had been designed. In addition, when
exploring the response of dogs to a dog-shaped robot toy (the AIBO), researchers
considered whether having a dog scent (from material lain in a puppy’s sleeping
box) on the toy would change the subjects’ behavior (Kubinyi et al. 2004),
although they did not consider the degradation of the odor over time. Relatedly,
one study explicitly examined whether social responses to a child’s dummy would
be changed when its clothes were impregnated with the odor of a familiar or
unfamiliar child (Millot 1994). Our own lab recently looked at whether dogs’
visual discrimination of more or less food on plates (and selection of the former)
(Prato-Previde et al. 2008) was matched by their olfactory discrimination of these
quantities (Horowitz et al. 2013). It was not: dogs did not reliably choose a larger
quantity of desired food when given olfactory cues alone. On the other hand, the
subjects did attend more to the ‘‘larger’’ quantity (covered) plate, when presented
to them. Thus, in this kind of experimental trial, measurement of subjects’
attention conflicted with data of their plate selection (Horowitz et al. 2013). In all
cases, the role of olfactory cues in explaining dogs’ behavior was part of the
studies’ designs.

Finally, one study addressed whether olfactory cues were relevant in dogs’
success at finding hidden food seemingly through following human pointing
gestures (Szetei et al. 2003). While the authors found that dogs could follow either
olfactory and visual cues, they also found subjects more willing to follow a human

2 Putting aside, of course, the many studies of dogs as tracking dogs or explosives-, drug-, or
disease-detection dogs. These research programs are highly relevant for an understanding not just
of these working dogs, but also of the entire species. However, these programs do not arise from
the cognitive and behavioral fields with which this chapter is concerned.
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point when it conflicted with present olfactory information. This study is to be
commended not only for attention to the dogs’ perceptual experience of an
experimental scenario, but also for revealing more information about the hierarchy
of cues a dog follows. The ‘‘constraints of the social context’’—i.e. a human-dog
interaction—may trump the odor information available to dogs (Szetei et al. 2003).
This phenomenon is a kind of behavioral version of Heisenberg’s Uncertainty
Principle: the very presence of an owner may change the dog’s behavior. Dogs’
problem-solving capacity may be reduced when the owner is present (Topál et al.
1997); and Clever-Hans-reminiscent cuing and errors can always occur whether an
owner (or experimenter) is blinded to the experiment or not (Hauser et al. 2011).

Similarly, research examining dogs’ behavior toward new and old objects,
otherwise identical, highlights a characteristic of dogs that is highly relevant in dog
cognition studies: the species’ neophilia (Kaulfuß and Mills 2008). Other studies
have examined whether dogs have a side bias (Miklósi 2007) or are subject to a
recency effect (Horowitz et al. 2013; Tapp et al. 2003), either of which could
partially explain subjects’ behavior on a two-sided forced-choice test. Similarly,
the effect of gender—especially over repeated presentations—is beginning to get
some attention (Duranton et al. 2013). Individual differences have also been
examined: Leonardi et al. (2012) developed a protocol testing a dog’s ability to
delay gratification, with training, via trading lower-quality food in mouth for an
anticipated higher-quality food item. The authors rightly noted the importance of
both individual variation and olfactory dominance. Prior to training, each indi-
vidual’s ‘‘hierarchy’’ of food preferences was noted. This was used in determining
what was ‘‘low value’’ or ‘‘high value’’ for each subject. (Such is now also done in
other paradigms—e.g. Kundey et al. 2010.) Similarly, given the difficulty in
determining which food smelled the strongest for dogs, the authors also tested
quantitative versions (more quantity) of a successive-exchange task, not just
qualitative (higher-value food).

The above studies by no means serve as an exhaustive list of dog-centered
research designs; however they give a good sampling of the manifestations of the
approach in current dog cognition literature.

9.4 Conclusion

As common, and perhaps inevitable, as some anthropocentric perspective is in
studying non-humans, including dogs, our research hints at two alternatives. First,
through empirical investigation of anthropomorphisms made of dogs, it is clear that
these attributions can be tested—and dismissed, if appropriate. Second, through an
appreciation of the umwelt of the species, projects can be designed which are more
dog-centered in approach. Often, observational and simple experimental practices
can lend insight into the dog’s umwelt, which can then be used in design of more
umwelt-sensitive research. For instance, a fascinating question for non-human animal
researchers is what kind of self-awareness, or understanding of self, animals have.
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In our lab we are currently designing a protocol to study self-recognition in dogs by
modifying the ‘‘mirror self-recognition’’ task as developed and refined (Gallup 1970;
Reiss and Marino 2001) for dogs. While a mirror, which allows for self-examination,
is a sensible apparatus in a task given to visually-dominant creatures, an olfactory
mirror would be more appropriate for a dog (Horowitz 2009c). By testing what
olfactory acuity an untrained dog has (Horowitz et al. 2013) and re-defining what
object may play the role of ‘‘mirror’’ in a canid’s life, this interesting question can be
asking appropriately of dogs. It is fascinating, and important, to re-consider this most
familiar species in a canid-centered, unfamiliar light.
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Chapter 10
A Dog’s-Eye View of Canine Cognition

Monique A. R. Udell, Kathryn Lord, Erica N. Feuerbacher
and Clive D. L. Wynne

Abstract In this chapter we attempt to put the dog back at the heart of dog
cognition studies. We identify that the majority of dogs are not first-world pets,
dependent on their owners for the fulfillment of all essential needs, and acting as
their ‘‘best friends.’’ Rather most dogs are scavengers on the periphery of people’s
lives. These dogs are more likely to avoid human contact than seek it. The sen-
sitivity of pet dogs to human actions and intentions that has been a major focus of
recent research is unlikely to be a special adaptation or case of co-evolution, but
rather is the expression of basic processes of conditioning as well as social and
biological traits that domesticated and wild canids share. In individuals that have
been socialized to humans and rendered completely dependent on them these
processes lead to high levels of sensitivity to human actions. The fundamental
differences between dog and wolf behavior lie at more basic levels: in the pro-
cesses of socialization, in foraging, and in reproduction. Small but crucial inter-
twined changes led to an animal that is (1) more promiscuous than any other canid,
(2) can reproduce more rapidly, and (3) is a much less effective hunter but (4) more
efficient scavenger than other canids. The indirect consequences of these changes
include the fact that we have dogs and not wolves resting at our feet. Though it
may be a little less flattering to the human species, we believe this perspective on
dogs is at least as fascinating and closer to the historical truth than the story that
humans created dogs.
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10.1 Introduction

Dogs are ubiquitous in human societies. In the United States, nearly half all
households include a dog (APPMA 2008). However, most of the world’s dogs live in
the developing world. Here pet dogs are uncommon, but feral, village, or community
dogs are plentiful around humans (Coppinger and Coppinger 2001). It has been
estimated that there are upwards of a billion dogs on the planet, with pet dogs in
developed countries representing only 17–24 % of the total (Lord et al. 2013).

The nature of the relationships that dogs have with people is a source of
fascination to many who share their homes with dogs, but also of considerable
significance for the welfare of human communities. Even in the United States,
where most dogs live as family pets, dogs are responsible for 12,400 bites a day
(Gilchrist et al. 2008). In the third world, dogs are an even greater danger. More
than 55,000 people, mainly in Asia and Africa, die each year from rabies, a disease
for which dogs are the most important vector (World Health Organisation 2005).

Though the warmth of the human–dog relationship is often commented upon,
even in scientific communications, the particularly rich relationship that many
people enjoy with their pet dogs is both relatively recent and relatively limited to
the first world and wealthier classes in the developing world. The often cited
phrase, ‘‘Dog is Man’s best friend’’ was coined by the King of Prussia in 1789
(Laveaux and King of Prussia 1789); it didn’t enter widespread usage until the
early twentieth century.

Despite claims for the novelty of the study of the human–dog relationship (Hare
and Woods 2013; Miklosi 2009), the use of dogs as psychological subjects,
including the study of dogs’ relationship with humans, has a history in science
dating back to Pavlov at the very beginning of the twentieth century. Pavlov used
dogs in a systematic behavioral research program and discovered what he termed
the social reflex (Pavlov 1928), in which the presence of a certain person can
increase excitatory activity in the dog (Lynch and Gantt 1968).

W. Horsley Gantt, an American who studied with Pavlov, developed Pavlov’s
research into the social reflex in dogs on his return to the United States. Gantt and
his students studied what he termed the ‘effect of person’ (Lynch 1987). Gantt
found that a dog’s heart rate would dramatically increase (tachycardia) when a
human entered the room, but would decrease (bradycardia) when petted (Gantt et al.
1966). Additionally, when dogs received unsignaled paw shocks that typically
produced tachycardia, petting during shock delivery would substantially decrease
this change in heart rate. Because the response to human petting could be readily
conditioned to other stimuli, Gantt et al. suggested that petting was an uncondi-
tioned stimulus. However, the response also showed specificity to certain people.
Those that had a ‘‘special relationship’’ (Gantt et al. 1966, p. 152) with the dog
produced larger and more variable responses. Pavlov had also noted that the social
reflex was produced by an experimenter who ‘‘played with (the dog), fed him and
petted him’’ (Pavlov 1928, p. 368). Feuerbacher and Wynne (2011) presented a
review of the extensive history of dogs as subjects in psychological research.
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10.1.1 What are Humans for Dogs?

More recent studies have continued to develop our understanding of the functions
of human contact for dogs within an operant framework—asking what conse-
quences provided by humans can influence the behavior of dogs. Dogs in Western
households experience a range of human interactions, including food delivery,
petting, and vocal praise. Fonberg et al. (1981) reported that both food and 20–30 s
of petting maintained operant responding in dogs. More recently, Feuerbacher and
Wynne (2012) found that food maintained more and faster responding in shelter
dogs, pet dogs, and hand-reared captive wolves than a brief social interaction
comprised of petting and vocal praise. This was true even though, in the case of the
pet dogs, their owners provided the petting and praise under the direction of the
lead experimenters. Fukuzawa and Hayashi (2013) also found that food produced
shorter latencies to respond early in training compared to petting or vocal praise.
Both of these studies indicate that in some cases food is a more effective reinforcer
than human interaction.

That food is an important consequence for dogs is also supported by devel-
opmental evidence in which hand-fed food-deprived puppies showed more
approach and fewer avoidance behaviors towards humans (Elliott and King 1960).
Similarly, puppies given a choice between two fake cloth dams, one that provided
food and one that did not, preferred the dam that provided food over a 20-day test
period (Igel and Calvin 1960). However, when given a choice between a cloth dam
that did not produce milk, and a wire one that did, dog pups, like Harlow and
Zimmerman’s (1959) juvenile monkeys, preferred the non-nutritive cloth mother
over the nutritive wire mother (Igel and Calvin 1960).

The potency of food as a reinforcer may be instrumental in producing social
interaction between humans and dogs, since in many contexts humans provide
access to food for dogs. Nevertheless, Fonberg et al.’s (1981) finding that both
food and petting maintained operant responding indicates that human interactions
other than food delivery, such as petting, might also function as reinforcers. Pet-
ting was sufficient to maintain military dogs’ operant responding to the cues, ‘sit’,
‘down’, ‘come’, ‘stay’, and ‘heel’ (McIntire and Colley 1967). Furthermore,
Feuerbacher and Wynne (in prep.) observed that both shelter and owned dogs
remained in proximity to a person providing petting, and showed no signs of
satiation to that stimulus. Given a choice between a person providing food and
another providing petting, some shelter and some owned dogs (which were being
petted by their owner) preferred petting to food when food was readily available.
Those dogs that preferred food to petting shifted their preference towards petting
as the rate of food delivery was reduced (Feuerbacher and Wynne in prep). This
parallels Gantt et al.’s (1966) findings that petting might be an unconditioned
stimulus for dogs and Igel and Calvin’s research, noted above, in which puppies
preferred a non-food producing cloth mother to a food-producing wire mother.
Together these results support the idea that petting, or ‘‘contact comfort’’ (Harlow
and Zimmerman 1959), is a reinforcer for dogs as it is for primates.
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Unlike petting, vocal praise seems to be at best a conditioned reinforcer for
dogs. Latencies to respond to basic obedience cues (such as sit, down, come, stay,
and heel) increased when only vocal praise was provided for correct responses
(McIntire and Colley 1967), and dogs spent as little time near a human providing
vocal praise as when the person provided no interaction at all, even when the
human was the dog’s owner (Feuerbacher and Wynne in prep). Vocal praise likely
has to be explicitly paired with another reinforcer to become a conditioned rein-
forcer and extinguishes rapidly if not backed up by a primary reinforcer.

Finally, the dog’s relationship to the person providing the interaction impacts its
behavior towards humans. Owned dogs showed more social approach behavior, as
well as more redirected and appeasement behavior, when being petted by a familiar
person than someone unfamiliar (Kuhne et al. 2012). Barrera et al. (2010) found
that shelter dogs emitted more appeasement behaviors and remained closer to a
stranger than did owned dogs, which more often stayed by the door of the enclosure.
However, owned dogs remained in proximity to their owner just as much as shelter
dogs stayed in proximity to a stranger for petting (Feuerbacher and Wynne in
prep.). This suggests that humans might be a source of comfort for socialized dogs
in stressful situations such as a shelter or an unfamiliar laboratory. One possible
mechanism for this effect may be petting-induced increases in serum levels of
hormones associated with pleasure and social bonding such as b-endorphin, oxy-
tocin, prolactin, b-phenylethylamine, and dopamine (Odendaal and Meintjes 2003).

10.1.2 Dogs’ ‘Human-like’ Social Cognition

Over the last two decades there has been a growing interest in the cognitive
abilities of dogs, especially with regard to their social cognition. Much of this
research has sought to elucidate the acute sensitivity to human actions of many pet
dogs (Udell and Wynne 2008; Udell et al. 2010a).

One task that has become axiomatic for the responsiveness of dogs to humans is
the human-guided choice task, also known as the pointing task (see Fig. 10.1) (see
also Rossi et al. this volume). In this test, an experimenter points at one of two or
more locations where food can be found if the dog approaches that location first.
Typically, dogs living in human homes excel on this type of problem (Miklósi and
Soproni 2006; Udell et al. 2010a). Although points are often made with the
experimenter’s arm and hand, research shows that many pet dogs can also follow a
wide range of other gesture types, including those made with other body parts like
a human leg or head, those made from a greater distance, or even after a short
delay (Miklósi et al. 1998; Soproni et al. 2001, 2002; Udell et al. 2008b, 2011).

Pet dogs have also proven responsive to human attentional state, at least under
some conditions. In situations in which a dog can beg from a human looking at it or
from a human with her back turned—simple begging tasks—dogs typically choose
the person looking at them (Cooper et al. 2003; Gácsi et al. 2004; Udell et al. 2011).
However this ability likely has more to do with dogs’ experiences in their home
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environment where they experience the consequences of begging from people who
have different levels of attentiveness than with true perspective-taking, as dogs do
not appear to recognize that a human wearing a bucket over her head and eyes is
inattentive (Cooper et al. 2003; Udell et al. 2011). Furthermore, only pet dogs
recognize that a human reading (with a book covering her face) is inattentive; in our
study, dogs living in a shelter and hand-reared wolves which had less opportunity to
experience this scenario in their current environment, begged equally from a person
who was reading and a person looking at them (Udell et al. 2011).

Dogs also appear to respond to human attentional state in a related problem: the
forbidden food task. Here dogs again have to determine whether a human is
attentive or inattentive, only this time the goal is not cooperative in nature. In
forbidden food tasks, a piece of food is placed on the floor in front of the dog,
which is then instructed by the owner or experimenter not to eat it. While dogs
may obey, and leave the food untouched when the human is present and attentive,
they are increasingly likely to disobey if the human’s eyes are closed, her back is
turned, she leaves the room, or if a barrier blocks the human’s view of the food and
the dog’s approach (Bräuer et al. 2004; Call et al. 2003).

Dogs have also been reported to use their gaze to guide the attention of humans
towards desired objects that are out of reach (Miklósi et al. 2000), to succeed in
human-guided detour tasks (Pongracz et al. 2001), and some have even proven
capable of emulating human actions (Topál et al. 2006) or responded to large
numbers of human words with extensive training. So far the record for words
understood rests with Chaser—a Border Collie from South Carolina which has
learned names for around 1,200 items (Pilley and Reid 2011).

These findings have led to evolving hypotheses about canine cognition,
beginning with the proposal that wolves might be more oriented towards physical
(means-end type) cues and thus better at problem solving tasks such as maze and
barrier tasks (see Frank et al. 1987, for an overview). Dogs, on the other hand,
might be more socially oriented and thus better on training tasks (such as leash
training and coming when called) (Frank and Frank 1987). These differences
between dogs and wolves were explained primarily as a byproduct of dogs’
neotenization (particularly the slowing of social and physical development,
making young dogs easier to handle and thus socialize), as well as a long history of
human provisioning of dogs, weakening the selection pressure for physical
problem solving competence. Later it was proposed by Hare et al. (2002) that dogs

Fig. 10.1 Sketch of the
typical layout of a human-
guided choice task, also
known as a pointing task. The
person on the right points at
one of two containers on the
ground before the dog is
released to make its choice

10 A Dog’s-Eye View of Canine Cognition 225

V
e
tB

o
o
k
s
.i
r



could have evolved a human-like form of social cognition during domestication
resulting in a higher level of sensitivity to human actions than seen in wolves.
Proponents of this hypothesis suggested that domestic dogs were uniquely pre-
pared to respond to human actions, arguing that ‘‘…dogs’ ability to follow human
communicative cues is a skill present in dogs before exposure to humans can have
ontogenetically major influences on dogs’ behaviour… this skill therefore repre-
sents a special adaptation in dogs which is present from early (sic) age’’ (Riedel
et al. 2008, p. 10).

Despite earlier claims that dogs show more human-like social cognition than
wolves (Hare et al. 2002, 2005; Miklósi et al. 2003), several recent studies have
demonstrated that if wolves are properly socialized to humans and have the
opportunity to interact with humans regularly, then they too can succeed on some
human-guided cognitive tasks (Gácsi 2009a; Range and Virányi 2011; Udell et al.
2008b, 2011, 2012), in some cases outperforming dogs at the individual level
(Udell et al. 2008b). Like dogs, wolves have also proven capable of following
more complex point types made with body parts other than the human arm and
hand and after a short delay (Udell et al. 2012). It is also important to note, that
even though the earlier reports suggested that dogs outperformed wolves and foxes
on human-guided tasks, they did not claim that wild-type canids were universally
unsuccessful; rather, the wild-type individuals performed above chance on some of
the human-guided tasks (or gesture types) under test in every study (Hare et al.
2002, 2005; Miklósi et al. 2003; Virányi et al. 2008).

Various explanations have been offered for why tame wolves may sometimes
fail to perform as well as dogs on some versions of a human-guided point-fol-
lowing task. For example, Hare et al. (2002) tested wolves with multiple indi-
viduals in the enclosure during testing and from behind a fence, while dogs were
tested individually, indoors, with no barrier between them and the experimenter.
Udell et al. (2008b) demonstrated that the presence of a fence barrier, like the one
that the wolves (but not dogs) had to contend with in Hare et al. (2002), could lead
to a similar decrement in performance in domestic dogs when tested under the
same conditions. Frank and Frank (1987) had earlier noted that insufficient
socialization can lead to poorer performance by wolves on social tasks: ‘‘Insofar as
socialization to humans might involve sensitization to human behavioral cues,
therefore, the incompletely socialized wolf pups may have been operating at a
comparative disadvantage in the training situation, much like a nearsighted child
trying to learn to read’’ (p. 35). Frank and Frank (1987) demonstrated this point by
rearing a new litter of wolf pups with the socialization procedure established by
Klinghammer and Goodman (1987), resulting in wolves with a substantially
improved level of responsiveness towards humans. With properly socialized
wolves, social interaction with humans could be used as reinforcement, perfor-
mance on social tasks increased, and handling became easier as these wolves could
be called by name.

Whatever the reasons for the failures of some wolves on human-guided tasks, it
is just as important to acknowledge that many pet dogs also fail to perform above
chance on these tasks. In fact in some studies more than half of the dog subjects
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did not reliably follow human points (Udell et al. 2008b; Gácsi et al. 2009b). Even
those individuals that did follow some gestures or point types often failed to follow
others (Udell et al. 2008a, 2010a, b, 2011, 2013), a finding that parallels the results
of early studies with wolves. However, the much larger number of dogs tested in
these studies can lead to an outcome where a group of dogs can perform above
chance on average, even when such an interpretation is inconsistent with the
behavior of the majority of the dogs. Given the much larger number of human-
socialized pet dogs available for test, it is not surprising that the total number of
dogs succeeding on these tasks is greater than wolves. This may be deceptive,
however, because the individual success rate for wolves is actually quite high.
Furthermore, as previously noted, pet dogs only make up a small percentage of the
total domestic dog population and there is little evidence to suggest that the
behavior of most dogs world-wide is accurately represented by those living in
human homes as pets.

The suggestion that pet dogs perform well on human-guided tasks because of a
newly evolved human-like social cognition (Hare et al. 2002) fails to account for
the diversity of human-directed behaviors across the broader dog population, as
well as successful performances on human-guided tasks not only by wolves, but a
wide range of human-socialized non-domesticated species including parrots (Giret
et al. 2009), bats (Hall et al. 2011), jackdaws (Von Bayern and Emery 2009),
ravens (Schloegl et al. 2008), dolphins (Pack and Herman 2004), elephants (Smet
and Byrne 2013), and seals (Scheumann and Call 2004), suggesting that the
domestication hypothesis is no longer compatible with current scientific
knowledge.

In sum, sometimes dogs may perform better than wolves on human-guided
tasks, at other times wolves may perform better than dogs; some individuals from
both groups have proven skilled at responding to human gestures, while some
individuals from both groups fail. Thus both dogs and wolves have the cognitive
capacity for this level of prosocial behavior towards humans, however it is not
guaranteed for either subspecies. In the absence of appropriate life experiences, or
outside certain contexts, both dogs and wolves may fail. These observations led to
the development of a new hypothesis, which takes both phylogeny and ontogeny
into account when predicting the social behavior of dogs (and other species)
towards humans: the Two Stage Hypothesis (Udell et al. 2010a).

The Two Stage Hypothesis predicts that for canids to perform well on tradi-
tional human-guided tasks (like following a human point) both relevant lifetime
experiences with humans, including socialization to humans during the critical
period for social development, and opportunities to associate human body parts
with certain outcomes (such as food being provided by human hands, a human
throwing or kicking a ball, etc.) are required.

The Two-Stage hypothesis is not an alternative to an evolutionary approach;
instead its predictions focus on the interactions between evolutionary and lifetime
factors that contribute to the rich diversity of social behavior in canids (Udell et al.
2010a; Udell and Wynne 2010). While a mechanism for a new heritable form of
cognition in dogs is lacking, there are still known heritable biological and
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developmental traits associated with domestication (like the timing of perceptual
and social development—see below) that when combined with the unique envi-
ronment and experiences of pet dogs would likely be very conducive to success on
socio-cognitive tasks. This hypothesis is also more consistent with evidence that
environmental and life experience do play a significant role in a dog’s response to
human actions, and thus provides predictions that can account for the behavior of
all dogs, not just pet dogs.

In addition to the fact that many individual pet dogs do not perform above
chance on human-guided tasks (Gácsi et al. 2009a, b), there is also evidence that
dogs are constantly learning about human actions (Bentosela et al. 2008; Horowitz
2012), gestures (Elgier et al. 2009; Miklósi et al. 1998; Udell et al. 2008a, 2010b,
2013), and attentional state (Udell et al. 2011), and adjust their behavior accord-
ingly. In fact, pet dogs sometimes continue to learn about human gestures over the
course of experimental testing, resulting in above chance performance on chal-
lenging tasks that may appear spontaneous, but is actually a byproduct of exper-
imental experience. For example, Udell et al. (2013) found that pet dogs which
were tested on a series of nine point types (ten trials per point) in order of
increasing difficulty performed significantly better on the most difficult point types
such as the momentary distal point, where the point is only held in place for a few
seconds (returning to a neutral position before the dog is allowed to approach) and
the target is located further than 50 cm away from the experimenter’s extended
arm and hand when compared with naive dogs.

Thus, while it is entirely possible that canines have a predisposition to attend to
the actions of their social companions, it appears that individuals (be they dog or
wolf) must first learn to recognize that humans are indeed companions worth
watching, and then continue to learn about the relationship between human actions
and salient outcomes throughout their lives. While in some cases this learning may
be a product of experimental setup or explicit training, much of what canines learn
about human actions occurs naturally within their home environment without
conscious effort by people (Reid 2009; Udell and Wynne 2008). Feral dogs likely
also learn about, and respond to, human actions. As obligatory symbiotes even
dogs that do not live as pets typically live near and benefit from the presence of
humans and human waste (Coppinger and Coppinger 2001; Udell et al. 2010a).
However the specific behavioral responses of feral dogs to human actions may not
look like the responses one would expect from a pet dog; each would be expected
to behave in ways consistent with its environment and life experiences.

10.1.3 So What do we Mean by Dogs?

One important consideration when interpreting research on canine cognition is the
exact nature of the population under test: are the dogs succeeding on these tasks a
good model for all domestic dogs, or are they unique in significant ways, including
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lifetime experience or environment, that might provide alternative explanations for
their performance than subspecies membership itself? When reading scientific
reports about ‘dog’ cognition, it may seem reasonable to assume that the infor-
mation presented is representative of the entire subspecies, the domestic dog
(Canis lupus familiaris). Unfortunately this is often not the case. The great
majority of modern research on dog cognition has focused on pet dogs living in
human homes (Udell et al. 2010a). Working dogs (search and rescue, guide dogs
for the blind, sniffer dogs) have also garnered increasing scientific attention in
recent years (e.g., Bensky et al. 2013). However other groups, such as stray dogs or
dogs living in shelters, have been vastly underrepresented in canine cognition
research, despite the fact that in the US alone roughly 10 % of the domestic dog
population lives in shelters (Udell et al. 2010b).

Yet even these three populations combined constitute a minority of dogs world-
wide. As mentioned previously, the great majority of dogs (as much as three-
quarters of the world dog population) live outside the first world as scavengers.
These dogs have never been, and likely never will be, owned by a human, and even
those who are owned lead considerably different lives than Westernized pets
(Coppinger and Coppinger 2001; Lord et al. 2013). This population has been
almost entirely neglected in experimental studies on canine cognition.

Such populations have received some attention from scientists using less
intrusive methods, however, and this work has shed light on the general behavior
patterns of these populations (e.g., Beck 1973; Berman and Dunbar 1983; Boitani
and Ciucci 1995; Daniels 1983; Daniels and Bekoff 1989; Ortolani et al. 2009; Pal
2008; Pal et al. 1998). Some of these studies also illustrate why it has been difficult
to include feral dogs in traditional socio-cognitive experiments. For example,
Ortolani et al. (2009) looked at the social response of feral village dogs in four
Ethiopian villages when approached by a human. They found that the most
common response of these dogs was to run away (52 %); another 11 % responded
to the approaching human with aggression. Only 4 % of the surveyed population
reciprocated the approach in a non-aggressive manner.

Given, first, that pet dogs represent a small minority of the domestic dog
population, and, second, that many domestic dogs from other populations (such as
free-living and shelter dogs) may show quantifiably different behavior towards
humans (including fear and aggression), it seems very unlikely that the social
behavior or cognition of pet dogs can be explained as a product or byproduct of
domestication alone. What little we know about these free-ranging populations of
dogs adds to the ample evidence that domestication does not guarantee excessively
social, or even prosocial, behavior in dogs towards humans in the absence of
appropriate life experience. In fact, in one of the most comprehensive laboratory
studies on the social behavior of dogs to date, Scott and Fuller (1965), demon-
strated that domesticated dog puppies raised entirely apart from humans ‘‘may
later react toward them with extreme fear and hostility’’ (p. 176). This work was
among the first to define a timeline for, and emphasize the importance of, the
critical period for social development in dogs: a sensitive period early in a puppy’s
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life where social interaction has a much greater effect on the development of future
social behavior than at any other time.

Domestication has made it easier to tame, or socialize, dogs in comparison to
their wild counterparts, primarily due to changes in the timing of development (a
topic to which we will return). However it is worth noting that domestication on
the one hand and taming or socialization on the other are different processes; the
first is a genetic or evolutionary process, the latter a lifetime process (for a review
see Udell et al. 2010a). Domestication and socialization/taming can be thought of
as occurring on two interacting continua, resulting in four possible canid types
illustrated in Fig. 10.2: (1) domesticated and tame; (2) domesticated and not
socialized to humans (feral or untame); (3) undomesticated (genetically wild) and
tame; (4) undomesticated and not socialized to humans. While in the Western
world we most often encounter domesticated dogs that are also tame (category 1)
and, less often, undomesticated canines (wolves, coyotes, foxes) that are not
socialized to humans (category 4), the other combinations are possible as well.
Feral dogs and socialized wolves in research facilities or zoos serve as examples of
these two cases respectively.

In other words, dogs may be pets, workers, stray or free living, but all of these
individuals are ‘domesticated’ and belong to the same subspecies. Designations
like ‘pet’ or ‘feral’ refer to an individual’s home environment, lifestyle or current
niche, but do not imply significant genetic differences. Domestication, on the other
hand, implies genetic change in comparison to wild-type counterparts. While this
process may change the probability of tame behavior, it does not determine it
(Scott and Fuller 1965; Udell et al. 2010a). Although some dogs (many pets and
working dogs) have shown remarkable sensitivity to people, so too have some
human socialized wolves. Unsocialized individuals from both groups have been
difficult to test, however tame wolves with more intensive socialization have been
found to perform better on social tasks than inadequately socialized wolves
(Frank et al. 1987).

Fig. 10.2 Examples of canids occupying all four of the logically possible intersections of
domestication status and human socialization
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10.1.4 What is different about the Behavior of Dogs
Compared to their Wild Relatives?

Having outlined areas in which the behavior of pet dogs and human-socialized
wolves is more alike than some previous authors have claimed, and in full cog-
nizance that dogs and wolves are extremely similar genetically, we nonetheless
recognize that there are important behavioral differences between these two spe-
cies—differences that make dogs widespread pets, whereas socialized wolves are
rare. The purpose of this section is to review what we consider the essential
behavioral differences between dogs and wolves (see also Fugazza and Miklósi,
this volume).

10.1.4.1 Social Imprinting

The first major difference in the behavior of dogs and wolves has already been
alluded to. While it is possible to tame a wolf, the process is much more intensive
than that required to produce a tame dog.

Dogs require as little as ninety minutes of contact with humans during their
‘critical period’ of socialization—one of the critical periods of development (see
also Fiset et al., this volume)—to form a social attachment (Freedman et al. 1960).
This is the minimum requirement and will not result in a highly social pet dog, but
it will create a dog that will solicit human attention.

Wolves require twenty-four hours contact a day starting before three weeks of
age (Klinghammer and Goodman 1987; Zimen 1987). The standard protocol is to
remove pups from the den at about ten days of age. They are then kept in constant
contact with humans until they are around four weeks old. At this point they begin
to bite their sleeping human companions and thus co-sleeping with humans ends,
but the pups still spend all their waking hours in the presence of people. This
socialization process continues until the pups are four months old at which point
they can live with other captive wolves and will maintain their socialization with
humans as long as they continue to get daily human contact (Klinghammer and
Goodman 1987).

Despite this intensive process, a well-socialized wolf still behaves very dif-
ferently from a well-socialized dog. Taming a wolf does not eliminate any of its
species-typical behaviors (Gácsi et al. 2005). Tamed wolves still display species-
typical hunting and reproductive behaviors, but they will display them in closer
proximity to humans (Fentress 1967; Klinghammer and Goodmann 1987). This
means it is more likely that they will also display them towards humans. For
example, if wolves are not raised with other wolves while being socialized with
humans they will direct reproductive behaviors towards humans. During breeding
season they may become territorial and compete with human caretakers over
perceived potential (human) mates.
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Well-socialized wolves do not generalize their socialization to all humans in the
same manner as a well socialized dog and are more fearful of novelty in general
than socialized dogs (Fentress 1967; Klinghammer and Goodmann 1987; Zimen
1987).

It has long been thought that these differences are due to a change in the timing
of the critical period of socialization in dogs and wolves, since this is the time
period when social bonds are formed both within an animal’s own species and
between species.

The critical period for socialization begins with the ability to walk and explore
the environment (see Lord 2013, for discussion). Wolves begin to walk and
explore at two weeks of age (Frank and Frank 1982; Packard 2003). Dogs do not
start to walk and explore until four weeks (Rheingold 1963; Fox 1964). The
critical period of socialization closes with the avoidance of novelty, when an
animal runs away from, rather than approaching and exploring, novel objects. This
threshold has previously been referred to as the onset of fear, but fear actually
starts well before the avoidance of novelty. In dogs, fear gradually increases from
four weeks, when they show little to no fear of novelty, until around eight weeks
when they will run away from a truly novel stimulus (a stimulus having no familiar
characteristics). Figure 10.3 shows the development of fear and sensory capacities
in dogs and wolves based on Lord (2013)’s study.

It has been hypothesized that wolves reach the end of the critical period for
socialization at three weeks (see review in Miklosi 2009). This is based on the fact
that it is not possible to socialize a wolf after three weeks of age (Klinghammer
and Goodman 1987; Zimen 1987). Wolves also show the first appearance of fear in
the form of a startle response to sound at three weeks of age (Zimen 1987). This
hypothesis would imply that wolves have a one week critical period of sociali-
zation (since socialization begins at two weeks when the wolf pups start to
explore), and could thus explain neatly the difference between the ability of dogs
and wolves to form interspecies social bonds. However, this hypothesis is based on
a confusion concerning the use of the term ‘‘onset of fear.’’ The startle response is
an altogether different phenomenon from fear and the avoidance of novelty. In
fact, dogs, just like wolves, also show their first startle responses to sound at
around three weeks of age. And wolves don’t show the avoidance of novelty—the
true ‘‘onset of fear’’—until six weeks of age. Thus wolves and dogs both have a
four-week critical period for socialization—wolves just go through it two weeks
earlier than dogs do.

In itself, the earlier progress of wolves than dogs through the critical period for
socialization does not explain the behavioral differences between dogs and wolves.
However, Lord (2013) recently found that, despite this two-week difference in the
timing of the ability to walk and explore, the dogs and wolves in her study
developed the ability to see, hear, and smell at the same time. The consequence of
this is that dogs began to explore the world around them at four weeks of age with
the senses of sight, hearing, and smell available to them, while wolves began to
explore the world at two weeks of age when they had the ability to smell but while
functionally blind and deaf (see Fig. 10.3). This change in the interaction between
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the developing senses and the critical period for socialization means that dogs can
generalize familiarity using all of their senses, while wolves must rely primarily on
their sense of smell, making more things novel and frightening as adults.

10.1.4.2 Reproductive Behavior

Reproduction is another domain of behavior where wolves and dogs differ
importantly. Wolves, and in fact all of the wild members of the genus Canis,
display complex coordinated parental behaviors. Wolf pups are cared for primarily
by their mother for their first three weeks of life (Mech 1970). During this time she
remains in the den with them while they rely on her milk for sustenance and her
presence for protection from predators. Because of this she cannot spend much
time away from them, and the father brings the mother food during this period.
Once the pups come out of the den and have enough teeth to chew, the father,
mother as well as some pups from previous years, begin to regurgitate food to the
pups (Mech et al. 1999). Wolf pups become independent by five to eight months,
although they often stay with their parents for years (see Lord et al. 2013 for
further discussion).
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Fig. 10.3 Early sensory
development in relationship
to critical period for
socialization in dogs (top)
and wolves (bottom). The
beginning of a bar marks the
first appearance of a behavior
or sensory capacity, and the
full width of a bar indicates
mature capacity. From Lord
(2013); used by permission
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Dogs, on the other hand, show greatly reduced parental behavior. Pups are still
cared for by the mother. They rely on her for milk and protection just like wolves.
However, unlike wolves, the mother gets no help from any other dogs during this
time. There is no paternal care, let alone help from older siblings. Once pups are
weaned at around 10–11 weeks they are independent and receive no further
maternal care (see review in Lord et al. 2013).

Lord et al. (2013) reviewed several important differences between dog repro-
ductive behavior and that of the wild canids. Dogs have lost seasonality of
reproduction: in other words they do not reproduce solely at a particular time of
year (Gipson et al. 1975; Lord et al. 2013). Dogs also reach sexual maturity faster
than wolves and can reproduce during their first year of life (Boitani et al. 1995,
Ghosh et al. 1984/85). Furthermore, dogs are polygamous, in contrast to wolves,
which are generally monogomous (Ghosh et al. 1984/85; Harrington et al. 1982).
Thus dogs show no pair bonding and protection of a single mate, but rather have
multiple mates in a year.

It is easy to look at these differences in reproductive behavior between dogs and
wild canids and assume they are the result of artificial selection by humans or
relaxed selection for parental care for pups, as humans intervene to assure pup
survival. This hypothesis was proposed by Darwin (1859) among others. It should
be kept in mind however that, as noted above, on a global scale, most dogs are not
under the direct care of humans. An alternative hypothesis, proposed by Lord et al.
(2013), is that reduced parental care in dogs may be an adaptive strategy for a
particular niche.

Lord et al. (2013) proposed that these differences in parenting behavior amount
to an alternative breeding strategy, one adapted to a life of scavenging instead of
hunting. Whereas wolves are constrained to a maximum of one litter a year starting
at two years of age, female dogs start reproduction in their first year and can
recycle and have another litter as soon as eight months postpartum. The male dog,
by not caring for pups or their mother and being unconstrained by seasonality, is
free to continue to mate all year long with as many receptive females as he can
find. The consequence of this is that whereas wolves put a lot of energy into a few
pups, dogs maximize the production of pups. This higher pup production rate
enables dogs to maintain or even increase their population with a lower pup
survival rate than wolves. It also means that dogs would have a greater capacity
than wolves to grow their population after a population crash or when entering a
new habitat.

Dogs are only able to adopt this strategy because they no longer have to spend
as much energy and ingenuity foraging. Rather than hunting prey, dogs can rely on
human refuse, which is more predictably located and available year round. For-
aging on garbage is a less complex behavior pattern than hunting and dog pups can
forage even before they are entirely weaned. Thus, by the time they are ten weeks
old they are perfectly capable of finding their own food (Macdonald and Carr
1995; Pal 2008).

The changes in dog reproductive behaviors and behavioral development that we
have noted here are not a consequence of direct human action in the form of people
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adopting pups on a widespread scale. The role of humans in supporting dogs is
indirect. Humans provide a food source, in the form of their garbage, that is easier
to find and exploit than live prey. The canids that became dogs adapted to this new
niche in several ways. They became more fertile, through earlier onset of repro-
duction, year-round fecundity, and reduced parental care. Dog parents are able to
reduce their investment in each pup because foraging on trash requires less
strength and skill than does hunting live prey. This increased fertility enables dogs
to more rapidly colonize new niches, and allows more rapid rebound of popula-
tions after disease outbreak or other catastrophic population loss.

The changes in behavioral development we note here are likely also adaptations
to scavenging on human trash dumps instead of hunting live prey. Whereas wolves
go through the critical period for socialization with only olfaction fully functional,
dogs have their senses at close to adult levels of functionality during this important
phase. This makes it easier for dogs to generalize across sensory dimensions and
increases the range of objects to which they can readily be socialized. This is also
an adaptation to foraging close to human settlements as it increases the probability
that dogs tolerate human proximity.

10.2 Conclusions

We have attempted in this chapter to put the dog back in the center of discussions
on dog cognition and behavior (see also Coppinger and Coppinger 2001). Not the
dog as viewed by first-world pet owners (among whom we count ourselves), but
the dog viewed as a biological object with psychological properties. This is an
animal that not only lies at its master’s feet as he types, but the dog that scavenges
on the fringes of human settlements well away from National Geographic docu-
mentaries; the dog that nobody considers their ‘‘best friend.’’ This form of dog is
still the most common on the planet; it does not come when called, on the contrary,
it scurries away when an unfamiliar person appears (Ortolani et al. 2009).

There is little evidence that the particular sensitivity to human actions and
intentions that has become a major focus of cognitive studies on dogs in the last
two decades is a special adaptation or a case of co-evolution (Hare et al. 2002;
Schleidt and Schalter 2003). Indeed, such sensitivity is not widespread among the
world’s billion-strong dog population, nor is it, as we have summarized above,
absent from wolves, in those rare cases where wolves have been effectively
socialized to humans. Rather the ability of a few dogs and fewer wolves to respond
to human behavior is more likely an expression of basic processes of conditioning
operating on animals that have been socialized to and made completely dependent
on human beings (Udell et al. 2010a, b), in concert with social and biological traits
shared by both wild and domesticated canines.

The real differences between dog and wolf behavior lie at more basic levels: in
the process of socialization, in foraging, and in reproduction. The intertwined
changes that led to an animal that is (1) more promiscuous than any other member
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of the genus Canis, (2) can reproduce more rapidly, and (3) is a much less effective
hunter but (4) more efficient scavenger on human refuse than other members of its
genus are small but they have massive downstream effects. These indirect con-
sequences include the fact that we have dogs resting at our feet and not wolves.

We have attempted here to demystify dogs, in the sense that we have sought
explanations for their behavior that do not assume special processes or unique
relationships, but we submit that a deeper and richer understanding of these fas-
cinating animals will flow from a recognition that they are not human creations,
nor co-evolved to be our companions. Rather, dogs are canids that have come to
occupy a new niche through natural selection. Though it may be a little less
flattering to the human species, we believe this perspective on dogs is at least as
fascinating and closer to the historical truth.
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Chapter 11
Canine Welfare Science: An Antidote
to Sentiment and Myth

Nicola Rooney and John Bradshaw

Abstract Our understanding of the welfare of companion animals is both
incomplete and fragmentary. For domestic dogs, most research has focused on
animals that do not have stable relationships with people, such as dogs in labo-
ratories and rehoming kennels. The welfare of pet dogs has received limited
attention, presumably due to an assumption that owners have their best interests at
heart. However, owners’ conceptions of their companion’s needs can be incon-
sistent or even contradictory. Dogs are, on the one hand, sentimentalised via
anthropomorphic interpretations, but on the other, mythologized as the descen-
dants of savage wolves requiring harsh correction before they will conform to the
demands of living alongside people. Canine welfare science attempts to replace
such mythos with objective norms that have proved effective when applied to other
domesticated species. However, animal welfare science is rarely value-free or
unambiguous, since it has variously been defined in terms of physical health,
psychological well-being, and the freedom to perform ‘natural’ behaviour. Here
we attempt to strike a balance between each of these approaches while addressing
a wide variety of current issues in canine welfare, including: concerns arising from
the breeding of pedigree dogs; inappropriate training methods; and the widespread
occurrence of behavioural disorders. We finish by describing some barriers to
improvement in dog welfare, including owners’ anthropomorphisms, the chal-
lenges of finding reliable indicators of well-being, and the effects of applying
erroneous conceptual frameworks to the dog-owner relationship.
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11.1 Introduction

Given the long relationship between dogs and humans, and the apparent ability of
dogs to understand much of what we do, surely if there is one species whose
welfare needs we should be able understand and safeguard it will be man’s best
friend? Of course, in many developing countries dog welfare is less of a priority
than it is in the West; in some nations dogs are farmed for food (Podberscek 2009),
and in many, large numbers are un-owned, left to stray and roam the streets (e.g.
Totton et al. 2011) and thus face welfare problems associated with lack of shelter
and veterinary care. However, even where the majority of dogs are owned, vac-
cinated, and even neutered (PDSA 2011), it is doubtful that humans meet all the
needs of their canine companions. Perhaps paradoxically, whilst dogs are widely
revered and sentimentalised, and undoubtedly the majority of owners endeavour to
do the best for their pet dogs, a lack of scientific knowledge and its incomplete
dissemination to the pet owning population, combined with perpetuation of flawed
theory, means that dog welfare may often be compromised.

Some owners spend vast sums of money on their canine pets, yet whether these
resources are best allocated to enhance the animals’ well-being is questionable
(see Fig. 11.1). These illogicalities may be due, at least in part, to our long history
and apparent co-evolution with dogs (see also Rossi et al. this volume), leading us
to assume we know how best to meet their needs, and even in some instances
assuming ‘what’s good for us is good for them.’ Perhaps as a side-effect of such
anthropomorphisms, the science exploring how best to protect the welfare of dogs
lags well behind that of other domesticated species (Rooney in press; Stafford
2007; Yeates 2012). Furthermore, most investigations using dogs have focussed on

Fig. 11.1 Our treatment of dogs is mired in contradiction. In a city in China one of the authors
recently observed a young puppy marooned amongst six lanes of traffic, clearly terrified, yet
human onlookers observed passively and were unmoved to assist. Nearby was a bed-ridden
teenager, wheeled into the street to beg for cash, smiling only when caressing her pet dog and
upon whose care, some of her precious resources were evidently spent
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those in temporary rehoming centres (‘shelters’) or laboratories, which provide
convenient samples and avoid the problems of home-based studies (e.g. lack of
standardisation) but are environments that differ considerably from those of the
majority of dogs, which are kept as companions in homes with relatively stable
inter-and intra-specific relationships (but see Fugazza and Miklosi, this volume).

In this chapter, we first describe what scientific study has suggested may be
some of the most critical welfare issues for pet dogs. We summarise research
which has been done on each issue, highlighting apparent paradoxes and knowl-
edge gaps, and describing how the adoption of limited views of welfare may have
perpetuated these issues historically. We then summarise different approaches to
assessing welfare and the challenges of applying these to domestic dogs. We
believe that the likelihood that the welfare of millions of dogs is further com-
promised by unsubstantiated assumptions that they are behaviourally akin to
captive wolves, striving for ‘‘dominance’’ (Bradshaw et al. 2009), and conse-
quently in need of coercive training methods which may cause significant suffering
(as elaborated below). Finally we discuss how knowledge of the cognitive abilities
of dogs is integral to our ability to safeguard their welfare.

11.2 Philosophical Approaches to What Might Constitute
‘Well-being’ for Domestic Dogs

Historically, animal welfare science has adopted three different approaches to
arrive at what constitutes a ‘good life’ for animals given that they cannot tell us
directly (Fraser 2009a). One is the conventional approach of veterinary science,
that animal welfare revolves around physical well-being and biological function-
ing, as indicated by health, growth, productivity and immune function. The second
is rooted in neuropsychology, emphasising that it is the animal’s subjective
experience of the world, its ‘‘affective state’’, that determines its welfare status.
Essentially, this is a feelings-based approach: if the animal is in a net positive
affective state, it is faring well (e.g. Duncan 1996). The third, based in natural
history, identifies well-being as a state in which the animal can perform its natural
behaviour, and more generally, express its ‘telos’, or ‘purpose’.

Whilst it is difficult to argue against any of these approaches, if used in isolation
they can sometimes come to conflicting end-points, and this is especially true for
dogs. For example, the emphasis on health at all costs has undoubtedly been a
contributory factor to the barren conditions in which many kennelled dogs used to
be (and in some case still are) kept: such conditions lead to negative feelings both
due to physical confinement and from being separated from their human caregivers
for long periods of time. Relatedly, by adopting the affective state approach alone,
one could rule as benign, some of the abnormalities resulting from pedigree dog
breeding, such as congenital deafness, if the dogs affected are not aware of their
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disability. This stands in direct contrast to the healthy living and natural behaviour
approaches, which would both rule such malformations as diminishing welfare.

The ‘natural living’ approach is especially problematic when applied to
domestic dogs. Detractors of this approach sometimes assert that despite being
‘natural’, it is hardly welfare-friendly for any animal to experience fear of pre-
dators, or cold in unheated kennels. This objection is easily remedied by factoring
the animals’ choices into the equation: if an object/situation is natural to the
animal, and the animal shows through its behaviour that it has a preference for that
object, then it is probably beneficial to the animal’s welfare (Fraser 2009b). Note
that preference alone is also not sufficient. For example, many dogs choose to
consume more food than they require, which if unchecked leads to obesity and
thence potentially to physical discomfort and increased risk of cardiovascular and
other diseases. However, the greatest barrier to applying the principle of natural
living to dog behaviour is defining what is ‘natural’ for a species which is, cog-
nitively speaking, probably more modified from its wild ancestor than any other.
Furthermore, concepts of what constitutes dogs’ ‘natural’ behaviour is still often
coloured by misconceptions of what is natural for their best-studied wild coun-
terpart, the American grey wolf (Mech 2008). Moreover, we know little of the
behaviour of the wolf that was the direct ancestor of the domestic dog. In addition,
we have sparse information of dogs’ ‘natural’ behavioural patterns, for example
resting, feeding, and activity (see Rooney in press), beyond the observation that
these are easily influenced by humans. The ‘natural behaviour’ approach has been
useful in evaluating the welfare of wild animals kept in zoos, and also for
domesticated animals, such as pigs kept in gestation crates, whose behaviour has
been usefully compared to that of free-roaming pigs and the ancestral wild boar.
But when it comes to companion species, whose behaviour has been artificially
selected for many years, one wonders whether ‘natural behaviour’ is a relevant
concept. Furthermore, where this concept has been applied to dogs, it may not
have been applied correctly. For example, physical punishment (e.g. pinning a dog
to the floor) is often justified as a legitimate component of dog training on the
grounds that it mimics the ‘natural’ behaviour of ‘alpha’ wolves towards ‘subor-
dinate’ members of the pack.

The capacity to perform sexual behaviour, however, natural, is often deemed to
impact negatively on canine welfare. Animal welfare charities promote neutering
as essential for the welfare of individual dogs, despite the procedure’s conse-
quence of suppressing ‘natural’ sexual behaviour. Neutering can improve indi-
vidual health in a number of ways (Kim et al. 2006), but the welfare gain here is
primarily at the level of the population, reducing the number of puppies that cannot
find homes, and either die, often after considerable suffering, or are euthanised,
depending upon local circumstances. But it is undeniable that a dog that has been
desexed has been deprived of the ability to perform one of the most fundamental
natural behaviours.

There is a strong argument that good welfare considers all three approaches, and
indeed most animal welfare scientists now believe that physical, mental, and ‘nat-
ural-living’ aspects of welfare are interrelated and are all of ethical concern (e.g.
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Appleby 1999; Fraser et al. 1997; Hewson 2003). A composite approach, encom-
passing elements from all three of Fraser (2009a) approaches in different proportions
has been applied to dog welfare and identifies five needs: suitable environment;
suitable diet; opportunity to exhibit normal behaviour; to be housed with, or apart
from, other animals, depending on preference; to be protected from pain, injury,
suffering, and disease (DEFRA 2009; Rooney in press). However, the relative value
apportioned to each component can still vary according to the assessor or authors’
values and as such, welfare science can never be truly objective (Fraser 2003). Any
discussion of canine welfare needs to refer to each one of these approaches, and
having done so, must attempt to resolve any discrepancies between them. Moreover,
the emphasis placed on each approach will need to change as knowledge evolves. On
the one hand, veterinary science is a comparatively mature discipline, and it is
unlikely that there will be any fundamental shift in what constitutes a healthy dog.
On the other, our knowledge of the emotional life of dogs is still in its infancy, and
new methods are likely to keep emerging, enabling science to probe emotions far
more precisely than is possible today.

11.3 Major Issues in Dog Welfare

Dogs are kept in a wide variety of environments, including laboratories (Hubrecht
1993) and kennel establishments housing large numbers of working dogs for much
of their lives (Rooney et al. 2007); short-term housing in rehoming centres (e.g.
Hennessy et al. 2002; Hiby et al. 2006; Tuber et al. 1996); kennels within owners’
gardens (Kobelt et al. 2007); and within owners’ homes with access to roam freely
between multiple rooms. Each environment presents its own challenges. Whilst it
is often assumed that home-dwelling dogs experience near optimal conditions, and
indeed Shore et al. (2006) found that people keeping dogs indoors, compared to in
a yard, paid more attention to their social needs, it has also been asserted that
modern companion animals experience ‘‘a relatively dull life’’ (Stafford 2007), and
it has been shown that owners lack the knowledge necessary to safeguard their
dogs’ welfare (PDSA 2011).

Recent legislation and social pressure in many cultures has led to dogs being
kept predominantly indoors, an environment very different from that in which they
were originally domesticated. Below we describe a number of current welfare
challenges faced by pet dogs and discuss the extent to which each of the three
approaches to welfare discussed above would describe them to be a problem. Since
this volume is primarily concerned with cognition and behaviour, and health has
tended to dominate much of the literature on dog welfare (Asher et al. 2009; Hiby
2013), we will primarily discuss issues that arise from lack of understanding of,
and provision for, dogs’ behavioural needs.

However, that is not to say that physical health is not a major issue worldwide.
Many street dogs are chronically unhealthy, and Non-Government Organisations
invest heavily in mass vaccination and neutering programmes aimed at safeguarding
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the health of current and future generations (although little attention is paid to
affective and behavioural aspects of their welfare). In Western nations, many owners
appear to protect the health of their dogs, most dogs are vaccinated against trans-
missible diseases (PDSA 2011) and many receive prophylactic treatment against
parasites (Gates and Nolan 2010). Mass rearing establishments (puppy ‘farms’ or
‘mills’) are the obvious exception, where dogs are often bred and reared in large
numbers with apparent disregard for disease prevention (Bateson 2010). However,
even in the owned population severe health issues persist.

11.3.1 Obesity

Most dogs in developed nations are apparently healthy and well-fed (Houpt et al.
2007), but obesity is now a major issue (Yeates 2012). It has even been suggested
as the most important welfare problem of dogs in the post-industrial developed
world (Stafford 2007) due in part to the sheer numbers of animals involved: for
example, the (Pet Food Manufacturers’ Association 2009) state that up to one-third
of companion animals in the UK are obese.

Obesity was originally highlighted as a welfare issue due to its effects upon health
and longevity, but it is now also known to exacerbate a whole variety of clinical
conditions (German et al. 2010) some of which have also shown to be painful
(Taylor 2003) and hence to cause psychological distress. In addition, dietary
restrictions placed upon animals under treatment for obesity are likely to result in
negative feelings of hunger and frustration as the animals will be unaware of their
treatment’s long term aim or benefit. It is possible that in the process of breeding
dogs which are amenable and easily trained using food rewards, we have inadver-
tently selected individuals which are excessively food-motivated and which feel
hungry even when they are physiologically well-nourished, a stereotype anecdotally
apportioned to many Labrador Retrievers (among others). If so, it is possible these
dogs may suffer psychologically, even when well fed, let alone when they are placed
on ‘health-enhancing’ feed management plans. This situation provides an example
of when psychological and health approaches to welfare may be contradictory.

Obesity can also reduce a dog’s ability to behave normally, and hence when
extreme, would be an issue affecting ‘naturalness’. Obesity is a rare example of a
welfare issue which all three approaches indicate as a welfare concern; however, the
cut-off point at which it would be highlighted as an issue is likely to differ, dependent
upon which criteria (health, feelings, or natural behaviour) are paramount.

11.3.2 Pedigree Dog Breeding

Approximately 41 % of dogs in the UK are described by their owners as pedigrees
(J. T. Murray unpublished telephone survey). Many such dogs are far from
healthy, as has been highlighted both by the popular media (e.g. BBC 2008) and in
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a range of reports (e.g. Rooney and Sargan 2009; Bateson 2010), reviews, and
scientific papers (e.g. Nicholas et al. 2010; Rooney 2009; Steiger et al. 2008;
Summers et al. 2010). Breeding dogs primarily for their appearance has led to
compromised health and welfare in two different ways, one resulting directly from
selection for exaggerated physical features and the other, indirectly resulting in an
increased incidence of disease (see also Duffy and Serpell, this volume).

11.3.2.1 Exaggerated Physical Features

Artificial selection has resulted in a wide variety of morphologies in different
breeds of dog. Many breeds are anatomically modified in ways which compromise
their physical health (Asher et al. 2009; Rooney and Sargan 2010). The English
bulldog is a regularly cited example of morphological extremes, resulting in
locomotion difficulties, breathing problems, and an inability to mate or give birth
without physical and/or surgical interventions (Advocates for Animals 2006).
However, there are many other less visually obvious anatomical deformities in
other breeds, ranging from overly long backs to heavily wrinkled skin, and flat
faces that restrict breathing (Asher et al. 2009).

Systematic studies have started to investigate the effects of these breed modi-
fications. For example, Brachycephalic Obstructive Airway Syndrome (BOAS)
has been shown to have detrimental effects on health (Packer et al. 2013), and
syringomyelia causes significant pain to Cavalier King Charles Spaniels (Plessas
et al. 2012) making it clear that breeding dogs with such traits affects not merely
their health and longevity but also psychological well-being. Effects on the dogs’
capacity to behave normally are less frequently mentioned (Rooney 2009).
Severely reduced limb lengths, for example, may restrict the ability of dwarf dogs
to run freely, and breeds with respiratory deformities (e.g. brachycephalic breeds)
may be prevented from running without shortness of breath. Their ability to
explore and exercise is compromised, and their opportunity for social interactions
limited, which likely restricts their socialisation and thus potentially further
restricts natural behaviour and diminishes their quality of life.

Numerous breeds are also anatomically modified such that their capacity to
signal is drastically reduced (Goodwin et al. 1997): stiff legs prevent adjustments
of height; brachycephalic breeds are less able to utilise facial expressions; dogs
with very short or curled tails, or with immobile drooping or erect ears lose the
function of important signalling structures. Short permanently erect fur leaves dogs
unable to raise their hackles, whilst long or dense fur can obscure much body
language communication. Short legs and long bodies not only prevent proper
locomotion, they may also prevent a dog from play-bowing to invite playful
interactions with other dogs. Play behaviour is rewarding (Boissy et al. 2007) and
is important for normal social development (Simmel 1979), and high play levels
are an indicator of positive welfare (e.g. Jensen et al. 1998). Since play signalling
is critical to the initiation and continuation of dog play (Bekoff 1995; Rooney et al.
2001), and can prevent interaction escalating into aggression, this is also a
potential welfare concern.
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11.3.2.2 Increased Incidence of Inherited Disease

Selective breeding primarily for appearance has also led to dog breeds becoming
especially susceptible to a whole suite of disorders (Summers et al. 2010), many of
which are acutely painful or chronically debilitating. This is a result of reduced
genetic diversity, coupled with ill-advised breeding practices (whereby breeders
inadvertently select regions of the genome which happen to contain a disorder as
well as the trait they desire), and insufficient selection pressure on health and
welfare. The inherited diseases are wide-ranging and include cardiac disease, eye
disease, diabetes, glaucoma, and congenital sub-aortic stenosis (Rooney and Sar-
gan 2009, 2010). In a review of fifty UK dog breeds, every breed suffered from at
least one of the 312 inherited disorders catalogued, with the nervous system the
most commonly affected organ (Summers et al. 2010), pointing to potential effects
on psychological well-being that are not yet fully explored.

Selective breeding practices are also likely to impact on behaviour indirectly,
since basing breeding choices primarily on physical appearance means attention is
diverted away from temperament (McGreevy 2008). Studies reporting breed dif-
ferences in the incidence of behaviour problems abound, but interpretation of these
differences is not always straightforward. Some of these may be a consequence of
selective breeding: For example, there is evidence for a genetic predisposition
toward aggression in some lines of golden retrievers (Knol et al. 1997; Liinamo
et al. 2007). Behaviour described as ‘‘dominant-aggressive’’ varies greatly
between differently coloured cocker spaniels (Perez-Guisado et al. 2006; Pod-
berscek and Serpell 1997), and Duffy et al. (2008) found that show-lines of English
Springer spaniels were more aggressive to humans and other dogs than were lines
bred for work in the field. More generally, Svartberg (2005) compared 13,097
Swedish dogs of 31 breeds, and found that dogs bred for working were less likely
to display social and non-social fearfulness, and were more playful and curious,
than dogs from show lines (Svartberg 2005). Caution is needed when interpreting
such differences, since it is generally impossible to tease apart the consequences of
selective breeding from differences in the way breeds (and especially lines within
breeds) are reared. However, since most pedigree dogs live the majority of their
lives as household pets, and behavioural disorders can both be a consequence of
negative affective states and can also result in dogs being surrendered or eutha-
nized, selective breeding remains a significant welfare issue.

11.3.2.3 Why Do Such Effects Persist?

It is difficult to comprehend how breeders and purchasers could condone and even
perpetuate such problems. When studying BOAS, Packer et al. (2012) recorded
that despite over two-thirds of owners of affected dogs reporting daily breathing
difficulties in their dogs during exercise, 58 % stated that their animal did not
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currently, or had ever had a breathing ‘‘problem’’. This suggests that most owners
do not recognise breathing difficulties as a welfare issue for the dog (Packer et al.
2012), perhaps because they rely on a narrow definition of welfare, in which
provided they see no obvious signs of pain, then behavioural and mood effects can
be ignored. In recent years, breeding associations (e.g. UK Kennel Club) have
started both to encourage testing for and breeding to eliminate inherited diseases,
and also to alter some breed standards to dissuade breeders from selecting for the
most extreme and obviously debilitating conformations. However, since all fifty of
the most popular breeds have at least one aspect of their conformation that pre-
disposes them to one or more disorder (Asher et al. 2009) (and there is no reason to
assume the remaining 250-plus breeds are not similarly affected), many would
argue that more needs to be done in order to prevent suffering (EFRA 2013).
Undoubtedly, education of owners as well as breeders is still required.

11.3.3 Lack of Human Company

Dogs have been selectively bred to value and even crave human attention, and the
beneficial effects of human contact on dogs have been well demonstrated exper-
imentally (Taylor and Mills 2007). Obedience and other favourable behaviour
improved in shelter dogs and in working dogs when they receive increased contact
from prisoners (Hennessy et al. 2006) or handlers (Haverbeke et al. 2010; Lefebvre
et al. 2007). Positive interactions (stroking, scratching, talking, playing) result in
increased beta-endorphin, oxytocin, prolactin, beta-phenylethylamine, and dopa-
mine (Odendaal and Meintjes 2003) and reduced cortisol levels in new arrivals to
rehoming kennels (Shiverdecker et al. 2013), and gentle stroking inhibits the
increase in cortisol during venipuncture (Hennessy et al. 1998). Longer-term,
enhanced human contact not only reduces physiological stress in dogs per se
(Coppola et al. 2006) but has also been shown to ameliorate stress responses when
dogs are subsequently presented with novel environments (Hennessy et al. 2002)
or unfamiliar people (Bergamasco et al. 2010). Contact with people generally has
greater success in inhibiting stress in novel environments than does contact with
familiar dogs (Tuber et al. 1996); hence, human contact has been suggested to be
more important for the well-being of dogs than conspecific contact (Valsecchi
et al. 2007; Wells 2004), although this undoubtedly varies with an individual dog’s
temperament and past experience.

The detriments due to lack of contact with people are well proven for kennelled
dogs, but these likely also apply to the majority of owned dogs. One of the two
most common reported reasons for owners surrendering a dog to a rehoming centre
in the UK is the perception that it requires more attention than the owner is able to
provide (Diesel et al. 2010). Increasingly, dogs are kept within households where
all members of the family are absent for at least part of the day. Reliable data is
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lacking, but undoubtedly a large proportion of dogs are routinely left for periods in
excess of 4 h per day (e.g. 73 % in Sweden) (Norling and Keeling 2010). So
paradoxically whilst we ‘‘value the social feedback they give us’’ and derive great
benefits from it we also ‘‘leave them alone for lengthy periods’’ (McGreevy and
Bennett 2010), unsurprisingly, many dogs behave in ways that indicate that they
find such separation stressful, and this presents one of the biggest challenges of the
modern day companion-animal niche.

11.3.4 Separation-Related Behaviour

Separation-related behaviour (usually expressed as destruction, vocalisation and/or
toileting) is a common and often overlooked issue. Dog-walkers in southern
England reported 24 % of dogs as currently exhibiting, or previously exhibiting,
separation-related behaviour (Bradshaw et al. 2002a), and up to 50 % of Border
Collies and Labradors filmed in a longitudinal study had shown this behaviour by
18 months of age (Bradshaw et al. 2002b). This problem is not restricted to the
UK: 56 % of dogs living in urban Rio de Janeiro were reported to show clinical
signs of separation anxiety (Soares et al. 2010).

It may seem contradictory that loving owners accept such signs of apparent
distress, but a large proportion seem unaware of their dog’s behaviour in their
absence, and amongst those that are aware, anthropomorphic attitudes lead many
to believe that destructive or eliminative behaviours are motivated by higher-level
emotions such as ‘revenge’ (Borchelt and Voith 1982). Dogs often show no
obvious health decrements as a result of their distress, and perhaps for this reason,
the severity of separation as a welfare issue has been widely overlooked. Sur-
prisingly, there appear to have been no published studies examining physiological
indicators of stress during separation from the owner. However, recently devel-
oped cognitive measures (discussed below) have shown that animals which exhibit
separation related behaviour are more likely to be experiencing a negative emo-
tional state, not just when they are actually performing the behaviour, but also at
other times (Mendl et al. 2010).

Protocols to treat separation-related behaviour can be very effective, producing
improvements in 81 % of dogs (Blackwell et al. 2006) and methods to prevent the
behaviour developing also show promise (Blackwell et al. 2005). Both can
potentially improve a dog’s quality of life, as well as reducing the chances of it
being surrendered. More general adoption of such techniques, combined with a
change in owner expectations such that they no longer routinely leave susceptible
dogs alone for long periods of time, has the potential to improve the welfare of
large numbers of dogs. However, research is also needed to fully understand the
respective roles of past experience, expectation, and owner behaviour in deter-
mining why some individuals develop this problem whilst others appear unaffected
(Rehn and Keeling 2011).
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11.3.5 Fear and Anxiety

Fear and anxiety are both emotional responses to aversive stimuli. Fear may be
defined in terms of behavioural responses shown to actual danger (Boissy 1998),
whilst anxiety is a state elicited in potentially threatening situations, which can
range from simple novelty to situations where some elements of the environment
predict a negative outcome (Ennaceur et al. 2006; Massar et al. 2011). These are,
critically, distinct emotions whose interaction and development require more
detailed description than is possible here (see Casey 2011). Whilst fear and anxiety
are adaptive, enabling avoidance of an immediate or anticipated threatening
stimulus (Jones and Boissy 2011), they are negative emotional states and if
experienced frequently in situations which the dog can neither predict nor control,
will induce associated stress responses, with serious implications for welfare
(Beerda et al. 1999b).

An experienced observer of dog behaviour only needs to take a walk through a
park to notice many dogs displaying frequent signs of fear and anxiety (see
Table 11.1 for a partial list). Social fears, both of humans and other dogs, are
commonly presented at behavioural clinics, and a recent study confirmed that
behavioural signs of fear on exposure to noises are a common, underreported, and
significant welfare concern for pet dogs (Blackwell et al. 2013). Almost half of
owners interviewed reported that their dog showed at least one behavioural sign
typical of fear when exposed to noises, even though only a quarter had reported their
dog was ‘fearful’ in a more general survey. This discrepancy indicates that even
when owners recognise behavioural responses, they may not interpret these as
associated with an altered subjective state, and hence a welfare concern in their dog.

Not only is psychological well-being affected by perpetual fear and/or anxiety,
but so is the dog’s behaviour. For example, working dogs’ ability to carry out their
trained task can be detrimentally affected by fear (e.g. Rooney et al. in prep), and
this is also a common reason for guide dog failure (Goddard and Beilharz 1984).
Fearful dogs have an impaired ability to learn during an operant task (Blackwell
et al. 2010), and those described to have anxiety related disorders take longer to
solve a problem solving task (Passalacqua et al. 2013): both may be contributing
factors to reduced performance in working dogs.

High levels of fear and anxiety can also be an issue even when considering a
health-centred approach, since they can lead to immune-suppression, which in
other species has been linked to increased disease risk (Terlouw et al. 1997).
Notably, a recent retrospective study of 721 dogs found that how ‘‘well-behaved’’
an owner perceived their dog to be was significantly predictive of greater than
average lifespan (Dreschel 2010). This link was not due to owners euthanizing
disobedient dogs, nor was it linked to specific diseases. When major factors such
as weight and neuter status were controlled for, stranger-directed fear indepen-
dently and significantly predicted decreased lifespan. Dogs showing extreme non-
social fear also tended to have more skin problems and to exhibit higher levels of
‘‘separation anxiety’’. The author suggested that a lifetime of stress may take its
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toll on a dog’s body at a molecular level, causing accelerated aging of cells and
earlier death from a number of causes. Although this is single study and the
mechanisms behind these effects are unproven, it shows that living with fear and/
or anxiety can negatively affect health and lifespan, highlighting the interplay
between physical and psychological well-being. Importantly, it also highlights
how issues previously ignored due to their irrelevance to one approach to welfare
(e.g. health) can gain new importance in the light of new research.

One may wonder why so many dogs are fearful. A dog’s ability to cope with
environmental stressors is affected by a combination of their individual person-
ality, early rearing environment, and later experiences (Foyer et al. 2013). Fear-
fulness is one dimension of personality repeatedly seen to be heritable (Goddard
and Beilharz 1985, 1986). Hence, by actively selecting predominantly for
appearance, selection pressure may have neglected to select against fearfulness, or
even inadvertently selected fearful lines. Among environmental factors, gradual,
calm, and rewarding introduction to potential fear-inducing stimuli during

Table 11.1 Behavioural signs utilised as indicators of acute and chronic stress (many of which
can be indicative of fear or anxiety (Casey et al. 2011), in a selection of studies of dog welfare

Behavioural sign Examples of studies using behavioural pattern

Startling Slabbert and Odendaal (1999)
Low body position; crouching;

cowering
Beerda et al. (1997), (1998), (1999a), Doering et al.

(2009), Galac and Knol (1997), Schilder and van der
Borg (2004)

Low tail position Doering et al. (2009), Galac and Knol (1997), Schilder
and van der Borg (2004)

Yawning Beerda et al. (1998)
Ears held low or pulled back Galac and Knol (1997), Schilder and van der Borg (2004)
Trembling/body shaking Beerda et al. (1998), (1999a), Doering et al. (2009)
Vocalisations e.g. whining,

whimpering
Beerda et al. (1999a), Doering et al. (2009), Dreschel and

Granger (2005), Shiverdecker et al. (2013)
Yawning Beerda et al. (1998), Doering et al. (2009)
Licking lips (also referred to as

tongue out and tongue flicking)
Beerda et al. (1997), Doering et al. (2009), Schilder and

van der Borg (2004)
Changes in locomotory state;

increased vigilance, restlessness
Beerda et al. (1999a), Dreschel and Granger (2005)

Self grooming (increased) Beerda et al. (1999a)
Paw lifting Hiby et al. (2006), Beerda et al. (1997), (1999a)
Withdrawal/hiding Doering et al. (2009); Dreschel and Granger (2005);

Goddard and Beilharz (1986)
Destructive behaviour e.g. scratching

housing
Palestrini et al. (2005)

Panting (not related to heat) Doering et al. (2009), Hiby et al. (2006), Shiverdecker
et al. (2013)

Change in activity Beerda et al. (1999a), Palestrini et al. (2005)
Coprophagy Beerda et al. (1999a)
Self mutilation Prescott et al. (2004)
Repetitive behaviours Beerda et al. (2000)
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sensitive periods of learning is well known to reduce the risk of fears and anxiety
developing (e.g. Bailey 2008). Thus another important contributing factor to
common fear is the number of dogs that are incompletely or inappropriately
‘‘socialised’’ (introduced to a range of stimuli, environments, people, and other
animals) during puppyhood. This is exemplified by a study of ex-puppy-farm
breeding stock, with limited environmental exposure, which showed significantly
higher levels of social and non social fear when compared to a matched sample of
companion dogs (McMillan et al. 2011). Furthermore, offspring from such
establishments sold in pet shops showed less desirable behaviour than dogs pro-
cured from ‘‘non-commercial breeders’’ (McMillan et al. 2013). A third reason is
the wide ranging (Tami and Gallagher 2009) and generally poor ability of humans
to interpret canine signs, even amongst those living and working with dogs (e.g.
Kerswell et al. 2009; Mariti et al. 2012). Hence, although people may be able to
interpret dogs’ facial expressions (e.g. Bloom and Friedman 2013) many owners
mislabel, misinterpret (Tami and Gallagher 2009), and fail to notice other visual
signals (Correia et al. 2007) and stress-induced behaviours shown by their own dog
(Mariti et al. 2012). Thus even though many dogs that have developed fears can be
helped using techniques such as densitization and counter-conditioning (e.g.
Levine et al. 2007), a lack of recognition of the signs of fear means that dogs which
are referred to qualified clinicians remain a small proportion of those which suffer.

11.3.6 Dog Training

Training methods can be classified according to the emphasis they place on the
four types of reinforcement recognised under learning theory: positive reinforce-
ment (e.g. food reward), positive punishment (ranging from harsh vocalisation to
the deliberate infliction of acute pain), negative punishment (usually the with-
holding of an anticipated reward), and negative reinforcement (the cessation of
pain or other aversive stimulus) (McGreevy and Boakes 2007). In practice, no
training method relies exclusively on just one of these: even ‘‘reward-based
training’’ incorporates negative punishment (e.g. withholding human attention) to
reduce the performance of undesired behaviour (Ryan 2010). Positive punishment,
especially the infliction of pain through hitting, twisting of the ears, choking the
windpipe and electric shocks, is intrinsically aversive and hence, according to the
‘affective approach’, welfare-reducing. It is often justified by its supporters on the
grounds that it is more than compensated for by greater benefit to the individual
dog’s future welfare (in terms of health), because the dog becomes more obedient
and hence less likely cause damage to itself, other dogs or livestock, and less likely
to be abandoned. There is, however, an increasing body of evidence pointing to the
contrary, that dogs trained using methods that incorporate positive punishment
tend to be less obedient and/or more aggressive than those trained using ‘‘reward’’,
and moreover many such dogs also show signs which may be indicative of fear and
anxiety (Arhant et al. 2010; Blackwell et al. 2008; Casey et al. 2013; Herron et al.
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2009; Hiby et al. 2004; Hsu and Sun 2010; O’Sullivan et al. 2008; Rooney and
Cowan 2011; Tami et al. 2008). Studies that have focused specifically on dogs
trained with remotely-activated electric shock collars have found associated evi-
dence of chronic fear to an extent not shown even by dogs trained with other types
of positive punishment (Schilder and van der Borg 2004; Schalke et al. 2007) yet
such devices remain available to dog owners in many countries, including the USA
and parts of the UK (Blackwell et al. 2012). Reward-based training has been
criticised on ostensible welfare grounds, as producing ‘‘soft’’ dogs that are dis-
obedient, likely to stray or be injured, and hence at risk of abandonment1 (McHugh
2009) although there does not appear to be any systematically collected data to
support this conclusion, and increasing evidence to the contrary that it is associated
with increased obedience (Hiby et al. 2004) and learning ability (Rooney and
Cowan 2011).

11.3.7 ‘Problem’ Behaviours

It is traditional to make a distinction between problems that result from seemingly
abnormal behaviours—whose relevance to welfare is best understood through the
‘affect’ approach—and problems that are essentially ‘natural behaviour’ and arise
due to conflict with owners’ expectations. The latter (e.g. barking, chasing, and
possibly even coprophagy) (Rooney in press) cause a problem when performed
within the domestic environment and hence potentially threaten the animal’s
future welfare through a secondary route by jeopardising the dog-owner rela-
tionship (e.g. see Mills and Zulch 2010). However, as our knowledge base
increases, this distinction has become increasingly arbitrary, as almost all ‘prob-
lems’, possibly with the exception of neurological disorders, can be explained by
‘natural’ reactions to unnatural or suboptimal environments. None more so than
canine aggression, a highly contentious topic that is too complex to be dealt with
here (but see Serpell, this volume).

Undesired or problem behaviour is generally important to dog welfare as it may
not only be associated with poor welfare in its own right, it is also often the
primary reason given when dogs are surrendered to animal centres, or euthanased.
There are few longitudinal studies examining dogs’ welfare before and after
relinquishment, but since abandonment increases the likelihood of euthanasia, and
there are also numerous factors associated with life in a rehoming kennel which
can lead to psychological distress (Rooney et al. 2009; Taylor and Mills 2007), it is
likely that for many dogs, welfare would be better were the dog to remain in its

1 For example, UK trainer Charlie Clarricoates, who stated ‘‘We are seeing dogs now who are
spoiled rotten, and never have any discipline, mainly because owners are force-fed incorrect
impractical information…This moralistic attitude that you can only train dogs by loving them and
being kind is ridiculous. There are some dogs you can’t do this with because it doesn’t work, even
if you have a year with them’’ (McHugh 2009).
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original home. Therefore one of the most effective ways to improve companion
dog welfare is to prevent problematic behaviours from developing. This could be
aided both by increased owner education and matching of appropriate dogs to
owners, and also by mitigating those problems that do develop through profes-
sionalized clinical behaviour advice (Wickens 2007).

11.4 Obstacles to Improving Dog Welfare

11.4.1 Misconceptions in Canid Behaviour

The deep-seated and widespread assumption that pain and fear can legitimately be
used in the routine training of dogs, whatever its origins in the human psyche, is
often justified via a misapplication of the principle that ‘natural’ behaviour makes
a positive contribution to welfare. Misconceived analogies with wolf behaviour are
used to justify the infliction of pain on dogs, based on the outmoded precept that
wolf society is regulated through the systematic (if controlled) infliction of vio-
lence by ‘‘dominant’’ or ‘‘alpha’’ individuals on ‘‘subordinates’’—the younger or
weaker members of the ‘‘pack’’ (e.g. The Monks of New Skete 1978, 1991). This
conception of the wolf pack is now considered to be deeply flawed, with
aggression actually rare within natural packs, which are cohesive kin-based units,
and largely confined to encounters between members of rival packs (Packard 2003;
Mech 2008). Moreover, domestication appears to have had such a profound effect
on dogs’ cognitive and learning abilities that uncritical analogies between dogs
and wolves may be generally misleading (Bradshaw 2011). Moreover, dogs clearly
alter their social behaviour depending upon whether the other participant is a dog
or a person (Rooney et al. 2000). Despite the accumulating evidence that physical
punishment does not improve welfare, at least in the hands of the majority of dog
owners, training methods based on instilling ‘respect’ (a euphemism for the
infliction of pain and in itself a prime example of an anthropomorphic assumption
of higher cognitive processing) are still widely promoted in popular media
(Greenebaum 2010). Confusion is also perpetuated by the continued use of the
term ‘‘dominance aggression’’ to refer to any aggression towards familiar humans,
much of which is motivated by fear or anxiety (Luescher and Reisner 2008).

Other concepts that are widespread in dog ‘‘lore’’ as reflecting the normal
behaviour of canids include the supposed benefits of food-depriving a dog on one
day each week2 and the exclusion of ‘unnatural’ cereals from the dog’s diet,3

despite the evidence that the Canidae are natural omnivores and prefer to eat small
regular meals (Axelsson et al. 2013; Morris and Rogers 1989).

2 See, e.g., http://www.rawfoodvets.com/articles/article7.
3 E.g., http://www.rawfeddogs.org/.
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It is not clear how such misconceptions may be eliminated. As Jean Donaldson
memorably wrote ‘‘Dog training is a divided profession. We are not like plumbers,
orthodontists or termite exterminators who, if you put six in a room, will pretty
much agree on how to do their jobs. Dog training camps are more like Republicans
and Democrats, all agreeing that the job needs to be done but wildly differing on
how to do it’’ (Donaldson 2009). Such disagreements not only have the potential to
confuse dog owners, and consequently their dogs, they also promote strongly-held
but vastly different opinions as to how best to protect the welfare of dogs.

11.4.2 Anthropomorphism and Anthropocentrism

The welfare of companion animals, especially dogs, is profoundly influenced by
the human context in which they live. Unlike farm, laboratory, or wild animals, pet
dogs are kept primarily for the companionship they provide: insofar as their
owners are concerned, they are often members of a multi species ‘family’, and
may even be perceived in a similar way to children (Blouin 2013, and references
therein). Dog owners routinely interpret their dogs’ behaviour using a framework
based upon human social motivations; indeed, such anthropomorphic perceptions
may well be ‘‘what ultimately enable people to benefit socially, emotionally and
physically from their relationships with companion animals’’ (Serpell 2005).
Furthermore, it seems likely that many owners pay insufficient attention to their
dogs’ distinctive sensory abilities, anthropocentrically presuming that their pets
inhabit the same sensory world that they do (see also Horowitz and Hecht, this
volume). We will here consider anthropomorphism, the unjustified attribution of
human qualities to animals, and anthropocentrism, the interpretation of reality
exclusively in terms of human values and experience, as separate influences on
welfare, although in reality they refer to overlapping misinterpretations of dogs’
behaviour, starting with misunderstandings of sensory input and continuing with
misapprehensions of the motivations underlying the behavioural output. (For a
more detailed discussion of these ideas, see Bradshaw and Casey 2007).

11.4.2.1 Anthropomorphism

The ‘‘affective states’’ approach to animal welfare can only be reliable if it adopts a
realistic approach to emotional capacity, and therefore anthropomorphism is likely
to lead to misleading conclusions. Dogs undoubtedly have the mental capacity for
relatively complex social cognition (see Prato-Previde and Marshall-Pescini, this
volume), even by comparison with other companion animals, but these can be
overestimated or wrongly interpreted, as illustrated in our discussions of social
motivations in the Sect. 11.4.1.

Although it was once not the case, it is now commonplace for biologists to
accept that all mammals experience a range of basic emotions such as fear,
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pleasure, and anxiety. Homologies between humans and other mammals are based
upon (a) a common set of neural pathways in the brain, generating emotions and
relating them to external events (LeDoux 2000), and (b) the difficulty of explaining
certain types of spontaneous behaviour, such as play and food-hoarding, unless
they are associated with positive emotion, i.e. actions that are apparently ‘‘self-
rewarding’’ (Fraser 2009b).

However, tertiary consciousness, arising from the massive expansion of the
neocortex that occurred during human evolution, gives dog owners an ability to
apply rationality to emotions in a way that dogs appear to be completely incapable
of. In Horowitz (2009) seminal experimental demonstration of owners’ misattri-
bution of ‘‘guilt’’ to their dogs, the owners were asked to leave their dogs alone
with an experimenter who either did or did not allow the dog to eat a forbidden
treat. When the owners returned, some were told that their dog had taken the treat,
others that it had refused it (in all four possible combinations). Crucially, it was the
dogs whose owners had been told, whether rightly or wrongly, that they had taken
the treat, that displayed the ‘‘guilty’’ behaviour, and, moreover, that behaviour was
more intense in those dogs that were routinely punished for such transgressions.
The behaviours that the owners had labelled as ‘‘guilty’’ appeared to be triggered
primarily by subtle cues emanating from their owners, rather than upon any rec-
ollection of ‘‘misbehaviour’’ (which in the experiment, half of the dogs had not
performed). In general, emotions in dogs appear to be tightly connected to tem-
porally contiguous events, meaning that they are probably incapable of experi-
encing self-conscious emotions such as guilt and pride (Lewis 2002). However, a
majority of owners in the UK, at least, express the opinion that their dogs are
capable of such complex feelings (Morris et al. 2008), and punish and/or praise
their dogs accordingly, for example, for damage done by the dog hours previously
(Borchelt and Voith 1982): under these circumstances, what dogs learn probably
does not concur with their owners’ intentions. This may adversely affect the dog’s
welfare: for example, punishment meted out by owners returning home to find that
their dog has chewed a piece of furniture several hours previously is much more
likely to become associated with the owner’s demeanour immediately prior to its
commencement than the earlier destruction, resulting in subsequent anxiety when
the owner returns in the future.

11.4.2.2 Anthropocentrism

Here we use the term ‘anthropocentrism’ to highlight many owners’ proclivity to
take it for granted that the world perceived through their own senses is essentially
the same as that as perceived by their dog. Although the sensory abilities of dogs
and humans overlap considerably (otherwise we would be unable to communicate
with one another), there are also striking differences, especially in the chemical
senses, both in olfaction (Craven et al. 2010; Quignon et al. 2012; Walker et al.
2006) and in the dog’s possession of a second olfactory apparatus, the vomeronasal
organ (Adams and Weikamp 1984). While it is self-evident that dogs are far more
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sensitive to their olfactory surroundings than we are—why else would we wish to
train them for scent detection and tracking?—little attention has been paid by
animal welfare science to the impact on dogs’ well-being of our manipulations of
either environmental or social odours (but see Horowitz et al. 2013), despite
significant advances in other areas (Rooney et al. 2009). For example, the olfactory
ambience in dog kennels must be profoundly altered by cleaning procedures and
use of chemical disinfectants, but the impact of these upon dogs’ stress levels has
not been systematically studied. Even if the effects were understood, there may be
institutional resistance to implementation of any necessary changes in routine: for
example, dogs’ sensitive hearing is widely disregarded in the design of kennels
(Coppola et al. 2006). It is now commonplace to consider sensory biases when
considering the welfare of livestock (e.g. Grandin 1996) and laboratory animals
(e.g. Burn 2008), but for the domestic dog, owners’ natural tendency to anthro-
pomorphise means that disproportionate attention is usually paid to physical
aspects of the environment, in particular visual features.

In the domestic environment, differences between canine and human sensory
abilities may account for some widely-held beliefs about dogs’ emotional capac-
ities. Grief, attributed to dogs by about every second owner (Morris et al. 2008),
relies on the concept of the finality of death, which does not fully emerge in our
own species until the age of four or five and is likely to be too abstract a concept
for a dog’s cognitive capacities. Anecdotally, however, dogs do appear to search
for family members, whether canine or human, who have recently died. Such
searching may plausibly be explained by the lingering olfactory ‘‘signature’’ of the
missing companion, the dog reverting to normal routines once this has fallen
below threshold. The behaviour appears indistinguishable from that observed
when a person or dog is simply absent for an extended period.

11.4.3 Challenges in Measuring Dog Welfare

One of the factors hampering our ability to protect and improve dog welfare is the
relative infancy of its measurement in this species. Taking each of the elements in
turn, measuring health presents few problems: advanced canine veterinary tech-
niques mean that health can reliably easily be assessed, by professionals. However,
many owners’ apparent inability to recognise pain (Hielm-Bjorkman et al. 2011)
or gauge quality of life (PDSA 2011), and the lack of centralised records of
morbidity and mortality (Rooney and Sargan 2010) in most countries means that
assessment on a population level is well-nigh impossible. Whilst ethology provides
us with knowledge and methods by which to record canine behaviour, the difficulty
in making valid comparison with ‘normal behaviour’ in their wild counterparts
limits their use. Challenges abound when it comes to assessing feelings.

It is now widely believed that a critical element of welfare assessment is how
the animal feels, yet it is impossible to ask the animal directly. Hence scientists
working on many species use a range of proxy measures, or ‘indicator variables’
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aimed at assessing feelings indirectly. These primarily fall into two categories,
physiological and behavioural, both of which have challenges in all species but
perhaps most so in the dog. Physiological measures of activation of the sympa-
thetic nervous system and the hypothalamic pituitary adrenal (HPA) axis are
widely used. Those used on dogs include heart rate (e.g. Gillette et al. 2011), heart
rate variability (e.g. Hydbring-Sandberg et al. 2004), adrenaline (e.g. Beerda et al.
2000), but most commonly, cortisol (Hiby et al. 2006; Rooney et al. 2007), a
hormone produced during periods or stress and arousal which can be measured
from plasma, saliva, urine, and faeces.

However, activation of the peripheral stress response and, consequently, ele-
vated cortisol levels, occur with emotions of both positive and negative valence.
Hence, for example, the increase in cortisol detected in dogs used for animal-
assisted therapy (Haubenhofer and Kirchengast 2007) and in dogs living with
children with autism (Burrows et al. 2008) cannot simply be assumed to be det-
rimental. In addition, the impact of chronic stress on physiological systems and the
changes in hormone levels due to diurnal patterns are areas in which we still have
incomplete understanding. Therefore studies of dogs increasingly include both
physiological and behavioural indicators, so that changes in physiology can be
carefully interpreted in conjunction with shifts in behaviour (Beerda et al. 2000).

There is a large range of behaviour patterns postulated to be indicative of acute
and chronic stress in dogs (Table 11.1). Their value as ‘universal’ indicators
(applicable to all dogs) has, however, in many cases been inferred from their
occurrence in apparently stressful and suboptimal environments (such as rehoming
kennels), or by extrapolation from other species, rather than by strict validation
with other measures.

Several studies of kennelled dogs have aimed to determine which behaviours
are most closely linked to physiological indicators of stress, with varying success.
Some detect extreme individual variability even within a single breed and age
group (Rooney et al. 2007), or links with specific behaviours such as reduced
drinking (Hiby et al. 2006). Other studies have found reliable links between
physiological measures and behaviours including paw-lifting, yawning, snout (or
lip) licking, lowered body positions, vocalising, panting and increased salivation
(Beerda et al. 1997) and repetitive behaviour, increased activity, nosing and
increased urination (Beerda et al. 2000).

Such variation is unsurprising. Dog behaviour is affected by time of day and
observation method, e.g. observer present or recorded remotely (Gaines et al.
2006). Individual dogs vary greatly in their behavioural responses to stress
(Rooney et al. 2007); and recent work suggests the existence of different coping
styles, e.g. proactive and passive (Blackwell et al. 2010). These result from dif-
ferences in underlying temperament and also from differences in the degree of past
exposure and previous attempts to adapt to situations that have induced negative
affect. This can lead to the animals either interpretting the stimuli differently, or
developing different behavioural coping mechanisms. In the case of dogs, such
variations are particularly pronounced, as individuals are likely to have experi-
enced a variety of rearing and living environments (especially those in rehoming
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centres) which affect their later behaviour. In addition, dogs of different breeds
have different physical conformations, which limit their behavioural expression.
Hence outward expressions of inner affective state, vary considerably, for example
between a French bulldog with limited ability to raise and lower its body or ear
height, and a husky with very mobile ears and body (Goodwin et al. 1997). Such
differences are likely to play a part in concealing links between various putative
measures of well-being.

This means that whilst behavioural indicators can be useful measures of indi-
vidual welfare status, when used to monitor intra-individual changes, or in com-
bination with physiological indicators, there remains much uncertainty regarding
which behaviours (if any) can reliably indicate underlying emotional state on a
population level. The challenge is illustrated if we consider two specific behaviour
patterns: repetitive behaviour and play.

11.4.3.1 Abnormal Repetitive Behaviours

Repetitive behaviours in dogs include circling, pacing, jumping, tail-chasing and
wall-bouncing (Hubrecht et al. 1992). They occur in pet dogs (Burn 2011), but are
well-studied and common in long-term kennelled dogs: one-quarter of U.S. mil-
itary dogs (Burghardt 2003) and between 46 % (Hiby 2005) and 93 % (Denham
et al. 2013) of the dogs in some UK kennels (although rates vary at differing times
of day) (Gaines 2008; Denham et al. 2013). These behaviours can have detrimental
health effects, leading to tail damage, sore feet and lameness (Jennings 1991;
Gaines 2008), and as such are welfare issues.

Repetitive behaviour in dogs often occurs under conditions thought to cause
chronic stress (Beerda et al. 1999a, 2000; Hetts et al. 1992; Hubrecht et al. 1992).
They are often described to be ‘stereotypes’ (invariant and repetitive behavioural
patterns, with no obvious function or goal (Mason 1991). On a species population
level they may be symptomatic of an underlying welfare decrement, although,
individuals which stereotype may have better welfare, at least by some measures,
than their non-stereotyping counterparts. Once an animal has developed a ste-
reotypy or repetitive behaviour, carrying out this behaviour can temporarily relieve
the animal’s feelings of stress (Mason and Latham 2004).

Although numerous studies have used repetitive behaviours as indicators of
poor dog welfare, our recent research has suggested that the motivation behind
their performance may vary between individuals and particularly high levels are
shown in response to husbandry events (Denham et al. 2013; Rooney et al. 2009).
Some dogs may have been inadvertently rewarded for showing such behaviours
(thus making the behaviours unreliable as indicators of welfare), whilst for other
individuals repetitive behaviour may serve as a coping mechanism, thus indicating
a long-standing welfare issue. Such observations further highlight the complexity
of using behavioural measures in dog populations of mixed origin.

260 N. Rooney and J. Bradshaw

V
e
tB

o
o
k
s
.i
r



11.4.3.2 Play Behaviour

Whilst historically welfare science has concentrated on measuring poor welfare,
increasingly assessments of positive well-being (and the balance of the two) are
also being taken into consideration. Potential behavioural indicators include allo-
grooming, relaxed postures, and the presence of so-called ‘luxury’ behaviour such
as play. For many species, intraspecific play has been suggested to indicate both
the absence of poor welfare and the presence of good welfare (Held and Spinka
2011). In the case of the domestic dog, which also plays readily with humans, high
levels of play may be indicative of a successful dog-owner relationship (Rooney
and Bradshaw 2003), and likely to induce a positive affective state. However, play
may require rather different interpretation in dogs than in other species. Dogs are
unusual in that they continue to play at high levels into adulthood, and find inter-
specific play especially rewarding, as is evidenced by the capacity to train dogs for
numerous tasks using only a play reward (Rooney et al. 2004). It is possible that
predisposition to play has been artificially selected for during domestication, due
to its appeal in a companion, and/or its value as a reward during training. This may
not only explain apparent differences in playfulness between breeds, but also raises
the question as to whether in this species play is a ‘luxury activity’, suppressed at
times of fitness threat, or whether it has, as a consequence of domestication,
become a behavioural need, with inelastic demand. If so, a lack of opportunity to
play may pose welfare concerns.

11.4.3.3 New Technologies in Dog Welfare Assessment

Novel physiological indicators of welfare are being developed and show promise
for use in dogs including: cortisol extracted from hair (Siniscalchi et al. 2013),
acute phase proteins (Casella et al. 2012), and immunological markers (Rammal
et al. 2010). It also seems likely that fMRI scanning will soon be able to provide
details of a non-anaesthetised dog’s brain activity (Berns et al. 2012) and aid
welfare assessment.

In light of the uncertainties posed by behavioural and physiological indicators,
scientists have recently shown growing interest in the use of cognitive approaches
to measure emotional state, for example using the concept of cognitive bias (Paul
et al. 2005). People in a negative mood are more likely to attend to and judge
ambiguous stimuli or future events as being negative than people in a more positive
mood: they show a ‘pessimistic’ cognitive bias, defined as making a negative
judgement about an ambiguous stimulus (Paul et al. 2005, Mendl et al. 2009). Non-
linguistic tasks for assessing cognitive bias, developed in rats (Burman et al. 2008),
have been adapted for use in many species. They have recently been applied to
dogs: measures of ‘pessimistic’ bias were found to correlate with behaviour indi-
cating distress on separation from human carers in a kennel environment (Mendl
et al. 2010), although not between long-and short-term kennelled individuals
(Titulaer et al. 2013) or during brief owner absences (Mueller et al. 2012).
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These findings support the importance of separation-related behaviour as a major
welfare issue in this species, and similar approaches may be valuable to assess other
welfare problems.

11.4.3.4 Preference Testing

Dawkins (2004) suggested that many uncertainties in the interpretation of physi-
ological and behavioural indicators can be resolved by ‘asking’ animals what they
want, through the use of preference tests. Since such tests can only indicate the
relative value of a resource and not its intrinsic worth, they are usually supple-
mented with ‘economic demand’ experiments which, in simple terms, measure
how hard an animal will work to gain access to, or conversely to avoid, various
environmental resources, and hence elucidate the animal’s behavioural priorities.
More than 30 years of preference studies on chickens, for example, have armed us
with knowledge of resources which are integral to improving their welfare (Nicol
et al. 2009). In contrast, we know of no preference or economic-demand tests
conducted on dogs, beyond those used to test the relative palatability of different
food stuffs and toys (Griffin et al. 1984; Pullen et al. 2010).

Preference testing could help to understand what dogs really want, and thus
what resources they should never be deprived of, and hence inform how they
should be housed and cared for. For example, techniques could be developed to
ascertain the extent to which dogs value human, compared to canine, company
(Pullen 2011). This would almost certainly differ dependent upon early experi-
ences, so care would be needed in selecting subjects for testing. Similarly it should
be possible to measure the extent to which play and opportunities to run are
valued, and whether artificial selection has led to play becoming an inelastic need
in dogs as compared to a luxury activity. Such knowledge could be used to develop
the most welfare-compatible husbandry routines and housing.

11.4.4 Welfare and Cognition

As our knowledge of the dog’s cognitive abilities grows, so it may be necessary to
adapt our understanding of dog welfare. Not only is the level of priority we give to
an animal’s welfare affected by our understanding of their capacities for conscious
awareness (Kirkwood and Hubrecht 2001) but also the welfare implications of
many aspects of dogs’ daily lives are affected by their cognitive abilities. In some
aspects, an ability greater than currently presumed may imply a greater capacity to
suffer, whilst in other aspects, the reverse is true. For example, numerical com-
petency is likely to affect a dog’s ability to predict the day of the week in a home
environment, when humans contact is increased for, say, 2 days per week. If dogs
become aware of the routine, either by counting days of the week or, more likely,
by prediction from simple human-provided cues, their frustration at the restricted
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contact is likely lessened. Similarly, dogs are frequently exposed to situations in
which they witness the distress or pain of conspecific (e.g. a newly neutered dog
being placed in an adjacent kennel) or that of humans: the extent to which they are
affected by this will depend on their capacity for empathy (see Edgar et al. 2012).
Whilst several studies have been interpreted as possible evidence for empathy,
such as dogs orientating towards crying owners and strangers (Custance and Mayer
2012) or showing increased cortisol when hearing a baby crying (Yong and
Ruffman 2013), others have interpreted human–dog contagious yawning (Madsen
and Persson 2013) as low-level imitation (see also Horowitz and Hecht, this
volume). Future studies need to avoid pitfalls of anthropomorphism and also
distinguish between a valenced emotional response and simple interest or arousal
caused by a social stimulus. To demonstrate a truly emotionally empathic response
to the plight of another, the response much be positive or negative (Edgar et al.
2012). Understanding how cognitive processes influence empathic responses is
fundamental to evaluating the extent to which the welfare of dogs is affected by
their social environment.

11.5 Conclusions

Whilst scientists have systematically investigated each aspect of the environment,
care, and behaviour of many domesticated species, thereby deriving comprehen-
sive recommendations for optimal conditions and protocol, knowledge remains
piecemeal for dogs. We have here highlighted a number of key welfare issues
which impact on domestic dogs, and several potential issues for which knowledge
is currently lacking. We have framed our discussion in terms of Fraser (2009a)
three approaches: health, psychological well-being, and natural behaviour. The
past two decades have seen a change from an over-emphasis on a health-based
approach to one aiming to achieve a balance between physical health and affective
state or psychological well being, and this has highlighted welfare issues previ-
ously given little attention. Given the extreme domestication undergone by the
domestic dog, especially when considering its cognitive abilities, the ‘natural
behaviour’ approach is superficially less useful for the dog than for many other
species. That is, unless its environment of evolutionary adaptation (which must be
largely anthropogenic) can be adequately defined and its ‘natural’ and preferred
behaviour patterns (e.g. feeding, exercise and sleeping rhythms) in that environ-
ment determined.

Even when all three approaches essentially raise the same welfare issues, in
practice the relative importance of each issue still has to be decided, for example
when charities plan owner education campaigns. Attempts to prioritise dog welfare
issues have been based mainly on consensus stakeholder opinion (e.g. Buckland
et al. 2013), but as we have seen, this is likely to incorporate bias based on which
dimension of welfare is considered most important, and thus the make-up of the
expert group is key (for example what proportion are trained vets). The ‘‘Five
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Needs’’ approach adopted in England and Wales as the basis for the Animal
Welfare Act (DEFRA 2006) and subsequently the Welfare Code of Practice for
Dogs (DEFRA 2009) is essentially pragmatic, categorising good welfare as
dependent upon provision of physical environment, diet, opportunities for normal
behaviour, social aspects of housing, and protection from pain, suffering, injury
and disease. However, balancing the relative importance of each of these still
involves some subjectivity. Prioritisation based on scientific investigation is far
from complete.

Dissemination and implementation of welfare standards for dogs are also much
less straightforward than for other domestic species (particularly production ani-
mals), simply because there are millions of humans responsible for the day-to-day
care of individual dogs and they are kept in such diverse ways. Routes to
implementation should be relatively straightforward for kennelled dogs, partly
because the majority of studies of dog welfare have been conducted in such
environments, and also because those people responsible for managing the kennels
should be easily identified: however, cost implications, or a reluctance to change
traditional ways of working, may produce significant barriers to change. Kennelled
dogs populations, while providing a readily identifiable target and a valuable
research resource, are small in number compared to companion dogs. It is much
less easy to quantify the extent of welfare issues among the companion dog
population, but the number of fearful dogs we see dragged along the street, the
proportion of dogs punished during training, and the number of purebred dogs
which struggle to breathe, all provide an indication that there are still significant
gaps between what even well-meaning owners would like to provide for their dogs,
and the reality of those dogs’ lives.

Considering the extent of the welfare problems experienced by companion dogs
today, it must be asked whether dogs are really well suited to life as companions in
modern-day Western conditions, or, put another way, whether the majority of
owners are sufficiently knowledgeable to give their canine companion a good
standard of welfare. Undoubtedly many owners can provide their dogs with the
opportunities for good health, psychological well-being and, where acceptable, the
natural behaviour that they desire, but evidently not all. Hopefully, as canine
welfare science advances, and findings both old and new are transmitted more
widely to those responsible for the care of dogs, so mankind will finally become
‘‘dog’s best friend’’ in the delivery as well as in the intention.
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