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ADDENDUM AND ERRATA

ERRATA

21, lines 4 and 6: replace ‘i.e.” with ‘e.g.’
50, line 162 and p. 55, line 287: replace ‘principle’ with ‘principal’

ADDENDUM

p.
p.

p. 11, para 1, line 9, after “...empathy in dogs (Silva & de Souza 2011)”, add: Since dogs are social animals and empathy is
related to social behaviour in humans (Preston & de Waal 2002), dogs may also experience empathy.”

p. 19, para 1, lines 6-10, delete: “This makes intuitive sense...of this phenomenon.”

p. 24, line 5, after “as well as other dogs (Pongracz et al. 2008)”, add: However, these results could be caused by stimulus
enhancement, in which the demonstrator drew attention to the corner of a fence around which the observer must go to obtain
a treat (Mersmann et al. 2011). This then provided the observer with an opportunity to learn through trial and error how to
detour the fence to get the treat. There is also evidence that dogs can learn to complete a novel task through observational
learning (e.g. Range et al. 2007; Slabbert & Rasa 1997), although in other studies they were not successful at learning in this
way (Mersmann et al. 2011; Tennie et al. 2009). In Range et al. (2007), dogs learned to pull a lever to open a box containing
a toy by watching a demonstrator dog. In Tennie et al. (2009), dogs were unable to learn a new word for a previously learned
command (in this case, ‘sit”) by watching a demonstrator dog perform the command when hearing the word. Tennie et al.
(2009) suggest that the use of the box in the demonstration in Range et al. (2007) may have resulted in the different outcome
from their study, which did not use any objects in the environment on which the dogs could focus their attention.

p. 24 end of para 2, add: The data from this study were re-analysed by Hare et al. (2010)who determined that the dogs
performed equally as well as the wolves in the Udell et al. (2008) study. The re-analysis differed from the original study in
that only dogs which made a selection at all were included; in Udell et al. (2008), the subject making no selection at all was
considered to be an incorrect response for the purposes of the statistical analysis. Hare et al. (2010) pointed out that this
would increase the probability that the subject would choose incorrectly, rather than providing a 50/50 chance that the
subject would choose correctly or incorrectly. Excluding non-selectors is also the more conventional method of analysing
data in the object-choice test (Hare et al., 2010), although it does raise the question of how best to manage uncooperative
subjects in cognition research. It also highlights the importance of appropriate research design and analysis in the
interpretation of cognitive studies which aim to demonstrate that animals possess or lack a particular ability.

p. 25 end of para 1, add: This argument was recently answered by a direct comparison of chimpanzees and dogs in their
ability to follow human pointing cues (Kirchhofer et al. 2012). The authors used imperative pointing (pointing toward
something the experimenter wanted but which was of no interest to the subject), in case chimpanzees were not able to
understand cooperative pointing gestures but could understand the referential nature of pointing in other scenarios. Some of
the dogs were kept behind a fence in the same way that the chimpanzees were separated from the experimenter. The dogs
still obtained the target item more reliably than the chimpanzees, which did not appear able to follow the pointing gesture.

p. 28 under Section 2.2.4, add para: A commonly researched area of animal cognition is ‘theory of mind” (ToM) (Heyes
1998; Penn & Povinelli 2007). Premack and Woodruff (1978) defined ToM as the ability to “impute mental states to
[oneself] or others (either to conspecifics or to other species as well)”. ToM develops in early childhood, ultimately
permitting children to engage in a wide range of social behaviours, including persuasion and sympathy (Berger & Thompson
1996). Therefore, much of social cognition in humans is related to the understanding that others experience different
thoughts and emotions than oneself. The development of a rudimentary awareness of ‘self’ and ‘other’ can be observed in
children as young as 2 years old, with children saying things like “Don’t be mad, Mommy”. This awareness becomes more
advanced by age 4 or 5 years, when children understand that their personal reality is subjective (Berger & Thompson 1996).
ToM is of interest to animal cognition researchers because an over-arching goal of animal cognition, in the traditional sense
of comparative psychology, is often to understand ways in which humans are similar to, and different from, other animals
(Shettleworth 2010). While ToM is expansive and covers many topics within animal cognition, two topics of focus for this
thesis are empathy and self-awareness.

Empathy is fundamentally a mechanism for “bridging the gap that exists between the self experience and others’
experiences” (Hodges & Klein 2001 p. 438). Empathy develops along a continuum in human babies; they demonstrate
emotional contagion as newborns (Preston & de Waal 2002), in which they can ‘catch’ another person’s emotional state, but
they are unaware that the emotion is being felt by another. This is called affective empathy. By around 2 years of age in
typically developing children, this contagion has developed into a full awareness of the other person’s emotional state, called
cognitive empathy (Zahn-Waxler & Radke-Yarrow 1990). Empathy is an aspect of ToM; it demonstrates that a person is
aware that other people can have different emotions than what that person experiences, and it is of interest to animal
cognition researchers because it relates to the development of social behaviour in humans (Preston & de Waal 2002). It is
possible that animals experience empathy. There is evidence that chimpanzees and crows engage in affiliative, consoling-
like behaviours toward conspecifics with whom they have a valuable relationship after the animal receiving the consolation
has engaged in antagonistic interactions with other conspecifics (Fraser & Bugnyar 2010; Fraser et al. 2008). Furthermore,
mice which observed their cage-mates in pain exhibited more behaviours associated with the experience of pain than when
the mice observed unknown mice in pain (Langford et al. 2006). Behavioural measures of empathic responses, such as these,
should be expanded into dog cognition research.



p.28 para 1, line 6, after “...precursor to empathy, with humans”, add: Further supporting this hypothesis is the finding that
children with autism spectrum disorder are less likely to experience yawning contagion than typically developing
children(Senju et al. 2007).

p. 29, before para 2, add para: Self-awareness is another common topic in animal cognition (Epstein et al. 1981; Suddendorf
& Collier-Baker 2009). According to Gallup (1998), “individuals who are self-aware, as evidenced by being able to become
the object of their own attention, experience a sense of psychological continuity over time and space” (p. 240). Like
empathy, self-awareness has been suggested to be an element of ToM because it illustrates the ability to differentiate
between oneself and others (Gallup 1998), although it is possible that self-awareness does not necessarily extend to a true
ToM in the sense of understanding that individual experiences are subjective (Gross 2010). Also like empathy, in human
babies self-awareness develops along a trajectory, as illustrated by mirror research. The mirror mark test is one in which the
subject secretly has a mark placed on its face, and is then placed in front of a mirror. The subject is able to see the mark on
the face in the mirror and, if it attempts to remove it from its body, this suggests that the subject is aware that it is looking at
its own reflected image (as opposed to a conspecific). Below 12 months of age, babies tend to view their mirror image as if it
was another baby, but, by 24 months, most babies are aware that they are looking at themselves in the mirror (Amsterdam
1972).

p- 33, line 9, delete “higher-order”

p. 55, after line 304, add new para: The MDORS subscale 2, for perceived emotional closeness, predicted the PoDIaCS
subscales. However, the proportion of variance explained by perceived emotional closeness was small, ranging from 4.0%
for subscale 4, learned awareness of human attention, to 13.0% for subscale 8, general intelligence compared to humans.
This study revealed a relationship between the MDORS and the PoDlaCs, but was not designed to detect causality.
Furthermore, although the regression was completed with MDORS as the predictor of the cognition ratings, this does not
necessarily mean that a strong dog-owner relationship leads to the owner ascribing more cognitive abilities to his/her dog.
Given the low proportion of variance explained by the MDORS, it could mean that there are other variables which would
have a stronger effect on cognition ratings, such as length of ownership, extent and quality of prior experience with dogs, or
the owner’s religious, cultural, or personal values regarding human-animal relationships generally.

p. 72, after para 1, add: Many of the survey items were similar, such as ‘dogs can learn to recognize themselves in a mirror’
and ‘dogs can instinctively recognize themselves in a mirror’. This could have impacted the responses as people who agreed
with the first item might have then been more inclined to agree with the second one. However, the items were pseudo-
randomised among participants to help reduce this possibility. Still, this potential effect cannot be ruled out, especially since
much of the survey asked questions along these lines, and many participants probably realised that they should expect items
related to both learning and instinct as they progressed further in the survey.

p. 74, line 1, delete “first”.

p. 83, line 6, after ““...completing this task.” add: However, phylogenetic similarities do not always equate to identical
cognitive skills because different environments would require different cognitive abilities, and dogs may therefore have
evolved different skills than pigs.

p. 91, line 80, after “...in the reflection.” add: Another study showed that aged dogs with cognitive impairments spent more
time interacting with a mirror than healthy aged dogs (Siwak et al. 2001).

p. 93, line 130, add: The two fans were in each corner of Area 4 (see Fig. 1).

p- 97, line 233, replace “Differences in latency...paired t-tests” with: Latency to find the treat was also analyzed using a Cox
proportional hazards regression model. This analysis was chosen because the data was censored at 180 seconds; that is, if a
dog did not obtain the treat within three minutes, their latency was recorded as 180 seconds, and marked as censored.

p.98, lines 244-247, replace “However, subsequent...(two-tailed).” with: Latency to obtain the treat among dogs in the
experimental group also differed significantly from the control group dogs, with dogs in the experimental group finding the
treat faster than controls, exp(B) = 2.46 df = 1, SE = 0.42, P = 0.03. Among only dogs which found the treat, there was no
significant difference in latency between experimental and control groups (Cox proportional hazards regression, P = 0.59).

p- 109 para 2 line 6, after “...time it took to find the treat.”, add: This is a key finding because dogs may have been motivated
to search for the treat due to some other reason, and did not use the mirror to find the treat at all. In spite of the fact that there
was a difference between groups in likelihood to find the treat, the lack of a group difference in latency (among dogs which
found the treat) suggests that there may have actually been no difference between the experimental and control groups.
Indeed, it is possible that the successful dogs, regardless of group, were simply more likely to move around the room and
thus found the treat by chance.

p. 109 end of para 2, add: Also, if the food bowl had been placed, empty, in view of the mirror, this would reduce the
possibility of odour cues. The association with the bowl would remain, having been taught in the association phase, so the
dogs should still be motivated to approach it.

p- 130, para 1, line 8: replace ‘comprehensive’ with ‘useful’.
p. 133: delete para 2.

p. 135 end of para 1, add: The inability or lack of motivation to complete the task could indeed be due to the experimental
setup itself. For instance, certain studies show that dogs can engage in observational learning (e.g. Pongracz et al. 2005;



Range et al. 2007; Slabbert & Rasa 1997) while others show that they do not (e.g. Mersmann et al. 2011; Tennie et al. 2009).
Differences in the research designs of these respective studies could account for these different results, potentially in ways
obvious to researchers (e.g. perhaps a v-shaped fence, as used in Pongracz et al. 2005, is more difficult to negotiate than a
straight-line fence, as in Mersmann et al. 2011), and potentially in ways that are not noticeable by humans, given that their
perceptive abilities differ from dogs (Browne et al. 2006; Miller & Murphy 1995).

p- 138 para 1, line 1, after “...use of this EEG technique.” add: Not all dogs would be suited for this type of research. Dogs
which behaviourally indicate anxiety when receiving veterinary injections should not be used in studies of this kind due to
the needle electrodes required to record the EEG. Also, dogs should have received enough obedience training to ‘sit” and
‘stay” for long periods of time at their owner’s command. This would make developmental research with puppies
challenging with currently available technology. Additionally, while this MMN method would be well-suited to
discrimination tasks, other types of cognitive studies would see little benefit from an incorporation of this method. For
instance, in some observational learning tasks, like the detour task (e.g. Pongracz et al. 2005), the study subject would have
to observe the demonstrator’s behaviour for far longer than a few hundred msec. While there may be a point in which the
dog’s cognitive processing results in MMN waveforms during the course of the demonstration, it would be impossible to
standardise the timing of this response such that it could be examined in more than one dog. Nonetheless, in the future,
wireless EEG technologies may increase the possibilities of incorporating EEG into behavioural studies which require
movement. If it is one day possible to reduce the amount of muscle artifact visible in the EEG of a moving animal, the brain
activity of dogs in behavioural research which involve walking could potentially be recorded.
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ABSTRACT

Dog cognition research relies heavily on behavioural approaches in order to determine the
nature and extent of dog cognitive abilities. These behavioural data have greatly advanced
current understanding of dog cognitive abilities. While there has been much research
exploring how dogs respond in paradigms which require cooperation or communication with
humans, fewer studies have explored their capabilities in non-social cognitive domains. More
research of this kind would provide a more comprehensive account of dog cognitive abilities
and limitations. Moreover, the use of non-behavioural methodologies may offer additional
insights. Towards this end, surveys that explore community beliefs about dog cognition may
be informative because dog owners spend time with dogs in non-experimental settings,
giving them a different perspective on dog behaviour than what is observable in a scientific
experiment. Neurophysiological techniques that index automatic, involuntary responses to
stimuli also offer substantial opportunity to evaluate dog cognitive abilities, without the

potentially confounding effects of training or motivation.

The aim in this thesis was to advance understanding of dog cognitive abilities through the use
of a variety of techniques, which each offer a different perspective on the general question of
dog cognition. A survey was developed to determine community perceptions of dog
cognition to redress the scarcity in research of this kind in recent decades. Behavioural
studies to examine how dogs respond to mirrors were undertaken to further scientific
understanding of dog problem-solving abilities. A method for measuring cognitive processing
in dogs at the neural level was developed, using electroencephalography (EEG), which may

complement behavioural data.

The survey data collected in this thesis illustrate the extent to which scientifically established

understanding of dog cognition has infiltrated the community. The findings revealed that



community beliefs regarding some cognitive domains, such as comprehension of human
communicative gestures, were well aligned with current scientific evidence. Additionally,
respondents believed that dogs possess cognitive capabilities in other less-researched
domains, such as empathy and deception; these findings offer researchers opportunities for
new study areas. The behavioural research is the first to show that, under certain conditions,
dogs are capable of using a mirror as a problem-solving tool. This is a unique finding and is
significant in that it reveals a capacity in dogs that has been well established in other animals.
However, the findings were sensitive to the experimental design and revealed the need for
further research in this area. Data arising from the studies that employed neurophysiological
techniques were the first to demonstrate the utility of these methods to advance understanding
of cognitive processing in dogs in ways that are minimally invasive. This technique is
suitable for discrimination tasks, which could complement behavioural studies to determine
how well dogs discriminate items in auditory, visual, and olfactory modalities. Collectively,
this series of studies offers new insights into dog cognitive abilities. The studies also identify

new avenues of research and suggest practical applications for their use in the future.
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(PoDIaCS) survey
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CHAPTER 1-INTRODUCTION

The number of studies exploring dog cognitive abilities has increased considerably in the last
decade (Kaminski 2008; Wynne 2009). In particular, social cognitive skills have been studied
extensively, with numerous studies showing that dogs possess an ability to effectively
communicate with humans to an extent which may be unique in the animal kingdom (for
reviews, see Miklosi & Soproni 2006; Reid 2009). This research began in the late 1990s,
when two research groups independently began to study whether dogs can comprehend
human communicative gestures, such as pointing (Hare & Tomasello 1999; Miklosi et al.
1998). The results were fascinating: dogs could follow human pointing gestures to find
hidden food, an ability that even chimpanzees did not appear to possess (Hare & Tomasello
2005). Great apes, being humans’ closest living relatives, are generally believed to be
‘demonstrably the most intellectually gifted of all animals’ (Humphrey 1976, p. 307). Thus,
the prospect that dogs could do something that chimpanzees struggled with was intriguing,
and other studies exploring dogs’ social skills soon followed (e.g. Miklosi et al. 2003; Range
et al. 2009; Viranyi et al. 2004). Experimental research has shown that dogs can learn to
detour around a fence to find a treat by watching humans (Pongracz et al. 2005a). They also
‘show’ a naive human where a treat is located by alternating their gaze between the human
and the treat (Miklosi et al. 2000), and they beg from people who are looking at them rather

than from people who are looking away (Gacsi et al. 2004).

Since dogs have demonstrated impressive social cognitive abilities, additional research has
been conducted to understand whether dogs possess other, non-social, cognitive abilities as
well (e.g. Pattison et al. 2010; Range et al. 2008; Range et al. 2011). Unfortunately, the
results of these studies have been less conclusive. For example, Osthaus et al. (2005) suggest
that failure at a common string-pulling task means dogs do not possess means-end
understanding. On the other hand, a different paradigm established recently by Range et al.
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(2011), in which dogs were more likely to pull a moveable board closer to them if the treat
was on the board rather than beside it, shows that they may exhibit this skill under
appropriate conditions. Given this conflicting information, it may be necessary to test the
same cognitive ability in several different ways before drawing conclusions about whether or

not dogs possess that skill.

These contradictory studies suggest that there is more work to be done in designing
experiments to determine dog cognitive abilities. In addition, certain cognitive domains,
which have been studied in other species, have yet to be explored in dogs in any depth at all.
For instance, empathy research is rare, with the exception of a recent study showing that dogs
approached a stranger who was pretending to cry, but not one who was humming (Custance
& Mayer 2012). Another study showed that dogs may ‘catch’ human yawns, a possible
precursor to empathy (Joly-Mascheroni et al. 2008). Empathy has been studied in mice
(Miller 2006), and there is some argument for studying empathy in dogs (Silva & de Sousa
2011). Additionally, mirror use by non-human animals (hereafter referred to as ‘animals’),
either as a measure of self-awareness or as a tool, has been studied extensively (e.g. Broom et
al. 2009; Epstein et al. 1981; Gallup 1970; Itakura 1987; Suddendorf & Collier-Baker 2009).
However, there does not appear to be much research analysing how dogs respond to mirrors,
apart from one study which showed that puppies quickly lose interest in a mirror after

initially responding to it as if viewing a conspecific (Zazzo 1979).

At least in part, inconsistent findings and limits to empirical investigation in some cognitive
domains are attributable to a reliance on behavioural response as the sole measure of dog
cognitive skills. While behavioural response is important, to progress this field of study, other
methods of investigating dog cognitive abilities are warranted to complement behavioural

research. There are existing techniques that may be informative in this respect. For example,
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surveys of people’s perceptions of animal intelligence (e.g. Davis & Cheeke 1998;
Rasmussen et al. 1993) have been used to examine how humans view animal cognitive
abilities. This approach has proven informative, with those who live and work with animals
being uniquely qualified to comment on their capabilities. Such data provide researchers with
insights into how dogs behave in everyday situations, which permit completely natural
behaviours to emerge without the constraints necessary for experimental research to be
conclusive. Owner surveys can also inform researchers about how much their experimental
data has been disseminated to the lay community, and potentially give cognition researchers
ideas for future studies in cases where there is a clear discrepancy between experimental data
(or lack of data) and people’s perceptions. Few survey studies exploring people’s perceptions
of dog cognitive abilities have been conducted since the mid-1990s (but see Maust-Mohl et
al. 2012; Pongracz et al. 2001a), which was before the recent surge in dog cognition research.
Drawing on recent scientific evidence regarding canine cognitive abilities, new work that
explores people’s beliefs concerning dog cognitive abilities in particular could therefore be

instructive.

Neurophysiological measures of cognitive processing in animals, such as
electroencephalography (EEG) (Takeuchi et al. 2000; Ueno et al. 2008), also offer a
complementary approach to behavioural cognition research in dogs. EEG has been used
extensively in human studies, as well as in many animals which have served as models for
human research (e.g. Catts et al. 1995; Ehlers et al. 1994; Glover et al. 1986; Ruusuvirta et al.
1998). There is, however, a recent advance in EEG that enables researchers to use this
technology to benefit the animals themselves (Ahlstrom et al. 2005), rather than in the service
of research for human advantage. This technique could be adapted to record brain waveforms
in dogs, therefore adding another means of measuring cognitive processing. Some

neurophysiological measures are already used in dog behaviour research, such as magnetic
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resonance imaging (MRI) (McGreevy et al. 2004; Roberts et al. 2010). However, techniques
such as these are under-utilised. EEG could assist with the measurement of how dogs respond
to stimuli in the absence of any overt behaviour. For instance, if a dog in a discrimination
study does not show behaviours that indicate successful discrimination of two stimuli, it may
not mean that the dog has failed to discriminate the stimuli, but perhaps internal motivations
or prior training affected the dog’s behaviour. Therefore, observing neurological responses to
the different stimuli could provide insights into whether a dog correctly discriminated the two

stimuli, even without the appropriate corresponding behaviour.

The aim in this thesis is to advance current understanding of dog cognitive processing
through the use of a variety of techniques, each of which offers a different perspective on the
general question of dog cognition. To this end, a survey was developed, which examined how
people perceive dog cognitive skills. Also, two behavioural studies were undertaken, which
each explored how dogs respond to mirrors in different experimental setups. Finally, a
minimally-invasive EEG technique was developed, which provides researchers with another

tool for measuring how dogs respond to stimuli.

1.1. Overview of the thesis

Chapter 2 comprises an exploration of the literature related to human beliefs regarding animal
intelligence, an analysis of behavioural research in animal cognition, and an explanation of
the technical and theoretical aspects of neurophysiology. This literature review highlights the
advantages and disadvantages of each method when used individually, and illustrates the
potential benefits of using all three in order to develop a more comprehensive understanding
of dog cognition. It also draws attention to gaps in the existing research, thus setting the scene

for the study-based chapters to follow.
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Chapter 3 includes the submitted manuscript, ‘Development of the Perceptions of Dog
Intelligence and Cognitive Skills (PoDIaCS) survey’, which reports the results of a
community-based survey. This survey comprises items relating to perceptions of dog
cognitive abilities in a range of cognitive domains, including those which have been well-
established scientifically (e.g. comprehension of human pointing gestures), and those which
have not been examined experimentally (e.g. self-awareness). This chapter showcases the
similarities and differences between lay community perceptions of dog cognition and
experimental data that currently exist in demonstrating what dogs can do. It establishes the
need for further research in areas such as mirror use, which have not been studied in dogs, in
order to build a more rounded picture of dog cognitive abilities. It also illustrates the need for
measures other than behaviour alone to study cognitive abilities in dogs, because laypeople
tend to ascribe more abilities to dogs, such as deception and empathy, than what has been
currently experimentally researched. It is possible that dogs do possess these abilities, but
have failed to demonstrate them in behavioural experimental settings due to the research

design of individual studies or the dogs’ own inner motivation or prior training.

Building on the research gaps identified in Chapter 2, and the results of the survey from
Chapter 3, Chapter 4 is the first of two chapters which focus on behavioural research
examining how dogs respond to mirrors. The published article ‘Can dogs (Canis familiaris)
use a mirror to solve a problem?” is included in this chapter. Chapter 4 summarises the results
of a study investigating whether dogs can use a mirror to find their owner holding their
favourite toy. It also demonstrates the difficulty of interpreting behavioural data, even in

controlled experimental settings, a problem which the Chapter 5 study attempts to rectify.

Chapter 5 includes a submitted manuscript, ‘Dogs use a mirror to find hidden food’. This

chapter expands on the information gained in Chapter 4, but with modifications to the
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research design in an attempt to facilitate interpretation of the data obtained in the study. The
dogs’ behaviour in this study can be inferred somewhat more easily than in Chapter 4;
however, there are still potentially spurious variables which may have affected the way the
dogs performed in this particular setup. This study, along with the findings presented in
Chapter 4, expands current knowledge of dog cognition in behavioural experimental settings,
thus increasing researchers’ awareness of dog cognitive abilities in the less-studied cognitive
domain of problem-solving and tool use in dogs. However, both chapters illustrate the
dangers of relying on behavioural research as the only mechanism for understanding dog

cognition.

Chapter 6 includes the published article ‘Development of a minimally-invasive protocol for
recording mismatch negativity (MMN) in the dog (Canis familiaris) using
electroencephalography (EEG)’. It is the first in a series of two chapters which attempt to
address the need to develop new ways to measure cognitive processing in dogs. This may
help researchers understand whether dogs are capable of more than what has been
demonstrated scientifically in behaviour paradigms, as suggested in the survey data from
Chapter 3. It also helps redress the problem of interpreting behavioural data as noted in
Chapters 4 and 5. Chapter 6 briefly explains the function of EEG, as well as how a particular
waveform, mismatch negativity (MMN), can be used to study higher-order cognitive
processing in dogs. This chapter focuses primarily on development of the minimally-invasive
method, which was adapted to record this waveform in dogs, and presents the results of a

pilot study using this method.

Following the promising results of the pilot study presented in Chapter 6, Chapter 7 expands
on the MMN procedure by confirming its reliability in a small group of dogs. Chapter 7

includes the published article, ‘Auditory stimulus discrimination recorded in dogs, as
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indicated by mismatch negativity (MMN)’, which provides further background information
about EEG and MMN in particular, as it has been used in human and animal research. This
chapter highlights the advantages and disadvantages of using MMN as a mechanism for
understanding cognitive processing in the dog. Chapters 6 and 7 together constitute an
increase in the knowledge of how dogs process information at the neurological level. They
also provide researchers a means by which to explore dog cognitive processing in a
minimally-invasive way, which permits the use of owned pet dogs, a common source of
experimental subjects in behavioural dog cognition research (e.g. Gaunet 2008; Pongracz et

al. 2005a; Prato-Previde et al. 2008; Soproni et al. 2001).

Chapter 8 is a general discussion of the results of these studies, with consideration of the
strengths and limitations of the methods in the context of past research findings. This
discussion reveals a strong case for the use of complementary methods of research to advance
understanding of dog cognition, as illustrated in Chapters 3 through 7. This chapter also
includes suggestions for future directions in research, including further behavioural research
to determine under which conditions specifically dogs can use logic to solve problems, and
adapting the EEG technique for use with visual and olfactory paradigms in order to expand

its use in discrimination tasks.

1.2. A note on ‘thesis by publication’

Monash University strongly encourages PhD candidates to submit a ‘thesis by publication’,
including submitted, in press, and/or published articles in conjunction with previously
unpublished material written specifically for the thesis. Five refereed journal articles are
included in the body of this thesis. Because each article was submitted as a stand-alone

publication, there is some overlap and repetition between the papers themselves, and
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sometimes between the papers and previously unpublished parts of the thesis, in order to

maintain the logic flow of the thesis as a whole.
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CHAPTER 2 -DOG COGNITIVE ABILITIES

The aim in this chapter is to review existing research that has made use of survey-based,
behavioural, and neurophysiological methods in order to study dog cognitive skills and
processes. The first section highlights survey research which has explored owners’ attitudes
toward their dogs, illustrating the (perhaps unfittingly) high levels of intelligence that people
perceive in dogs. The second section focuses on the growing body of literature devoted to
behavioural studies of dog cognition. It explains how social cognition research in dogs has
outpaced other cognitive studies, due to the dog’s apparent proficiency at communicating
with humans. The third and final section describes a neurophysiological measure of higher-
order cognitive processing called mismatch negativity (MMN), a waveform visible on an
electroencephalogram (EEG). This has been used extensively in human clinical and
experimental research and has also been shown to exist in certain non-human mammals. It
could, therefore, potentially be used to explore cognitive processing in dogs, in conjunction

with behavioural and survey research.

2.1 Perceptions of dog cognition

Those interested in understanding dog cognition may find it instructive to explore owner
perceptions of specific cognitive abilities in dogs, because dogs often live in human homes
where owners have the opportunity to observe their natural behaviours. In some cases, this
information may even lead to hypotheses which, when tested, increase understanding of dog
cognition. For instance, two recent studies have investigated whether dogs experience guilt,
and suggest that ‘guilty look’ behaviours shown by some dogs after misbehaving (in the case
of the studies, taking a forbidden treat after the owner left the room) may be more reflective
of fear of punishment by their owner than a true feeling of guilt (Hecht et al. 2012; Horowitz
2009). The authors came to this conclusion because dogs which had not stolen the treat, but
whose owners believed they had, displayed ‘guilty look’ behaviours when the owner returned
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to the room and scolded the dogs. However, these behaviours were not displayed when the
owner returned to the room and greeted the dog, regardless of whether or not the dog had
taken the treat. Both of these studies were borne of anecdotal information received from
owners about the attribution of guilt to dogs (Hecht et al. 2012; Horowitz 2009). Evaluating
how people’s perceptions of dog cognitive abilities correspond with skills established in
experimental settings may therefore help researchers develop new areas of focus in future
behavioural studies, as well as to understand how much of the scientific knowledge gained

through such studies is being transmitted to the lay community.

2.1.1 Perceptions of comparative animal intelligence
Research has been undertaken to explore people’s beliefs about animal intelligence, including
the intelligence of dogs. In general, people tend to rate intelligence relative to the
phylogenetic scale (Davis & Cheeke 1998; Eddy et al. 1993; Rasmussen et al. 1993). That is,
the more closely related to humans, genetically and physically, that an animal is perceived to
be, the higher its intelligence is typically rated. Therefore, invertebrates and fish tend to
receive a lower ranking than birds and mammals (Nakajima et al. 2002). This makes intuitive
sense, because the ‘lower animals’ are believed to rely more on instinct and less on logic or
reason than ‘higher animals’ (Watson et al. 2010). Even without specialised training in

neuroanatomy, it is possible that non-scientists have some awareness of this phenomenon.

The phylogenetic scale rankings are contradicted, however, by reports that cats, sheep, and
pigs typically rank lower than dogs in studies of human perceptions of intelligence, with
some studies showing that people believe dogs are smarter than other domestic animals
(Davis & Cheeke 1998; Maust-Mohl et al. 2012), but not humans. For example, Rasmussen

et al. (1993) undertook a within-subjects study, in which participants rated the perceived
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cognitive abilities of several different animals, plus human children. Dogs were rated higher

than the other animals, but not the children.

To limit the possibility that participants in Rasmussen et al. (1993) may have used
comparative rankings, rather than independent evaluations of the cognitive abilities of each
animal, the authors undertook a second study in which participants rated the cognitive
abilities of either a human boy or a dog, but not both (Rasmussen & Rajecki 1995). The
findings revealed that dogs were rated lower on all but two of the twelve ‘mental operations’
categories; sensation/perception and pleasure/displeasure. Nonetheless, the participants
showed that they believe dogs possess several mental abilities by rating them higher than the
mathematical midpoint (higher than 4 on a scale of 1 to 7). The authors concluded that ‘the
dog and boy were seen as quantitatively different, but qualitatively similar [emphasis in
original]” (Rasmussen & Rajecki 1995, p. 131), suggesting that people perceive dogs to have

similar abilities to humans, but perhaps developed to a lesser extent.

It seems, then, that dogs are sometimes considered to possess skills beyond the typical
cognitive abilities attributed to other mammals which are phylogenetically similar to dogs
(e.g. livestock animals), in both general intelligence ratings and in specific cognitive
domains. There are several possible explanations for this, including the possibility that dogs

are genuinely more intelligent than these other species.

2.1.2 Why do people think dogs are so smart?
Eddy et al. (1993) suggest that dogs and cats ranked higher in intelligence in their survey than
most other mammals as a consequence of the participant’s familiarity with those animals; the
authors argued that the bond between companion animal and owner causes owners to
anthropomorphise and attribute more cognitive skills to companion animals than is

warranted. However, this does not explain why dogs were sometimes ranked higher than cats
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(Rasmussen et al. 1993), which, as companion animals, are more populous than dogs in the

United States of America (American Veterinary Medical Association, 2002).

The bias towards dogs is so strong that Rajecki et al. (1999) coined a term to describe it: ‘the
dog-positivity bias.” In their survey, respondents were asked to compare the behaviour of a
boy and a dog in a play setting and a bite scenario and to attribute the behaviour to either
internal factors (such as the disposition of the boy/dog) or external factors (i.e.,
environmental circumstances). In general, respondents tended to attribute positive dog
behaviour (i.e. play) to the dog’s inner states, but bad behaviour (i.e. biting) to situational
factors. In the case of the boy, however, both positive and negative behaviours were
attributed to his nature (Rajecki et al. 1999). This positive perception of dogs may lead

people to ascribe higher levels of intelligence to dogs as well.

Whether this dog-positivity bias extends to the attribution of specific dog cognitive abilities is
unknown. However, dog positivity bias or familiarity might affect cognition ratings, since
one study showed that owners who were ‘highly attached’ to their dogs reported higher
intelligence ratings than those who were ‘moderately attached’ (Serpell 1996). Also, there
appears to be a correlation between first-time dog ownership and reported behaviour
problems (Jagoe & Serpell 1996; Kobelt et al. 2003), suggesting that new owners may have
unmet expectations about dog behaviour, perhaps due to their relative lack of familiarity with

dogs.

It is possible that familiarity with dogs and the dog positivity bias belie a simpler truth about
dog cognition: maybe dogs are actually smarter than other animals that are phylogenetically
similar. This possibility is discussed in more detail in section 2.2 of this review, which

explains the difficulty of cross-species comparisons in behavioural paradigms.
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These studies suggest either that humans are wont to anthropomorphise and therefore
attribute greater abilities to some animals than they actually possess, that researchers have not
yet established the full extent of animal cognition, or both. Other research also demonstrates a
mismatch between what people believe dogs are capable of and what science has shown them
to be capable of. For example, in one study, students were asked to watch five videos of dog
behaviour and write short descriptions of what they had seen (Fidler et al. 1996). At least
90% of both dog owners and non-owners used mentalistic descriptions in each video and all
participants used these types of descriptions at least occasionally. Many of the mentalistic
attributions provided were inconsistent with empirical data, confirming the importance of
conducting further research in this area. In one sense, this potential for anthropomorphising
about dogs can be considered a limitation of survey research. In another sense, however,
survey results may provide insight into what dogs are actually capable of in what has become

their natural environment, the human home.

2.1.3 Summary
Overall, the results of these studies suggest that there is a relationship between familiarity
with dogs and/or a positive attitude toward dogs and perceptions of dog intelligence. People
generally tend to believe that dogs are smarter than many other animals, with the exception of
primates (Eddy et al. 1993) and humans (Rasmussen & Rajecki 1995). Interestingly, there has
been little recent effort to understand what humans think of specific dog cognitive abilities,
other than a survey comparing dogs with several other animals (Maust-Mohl et al. 2012).
Research of this kind could be useful, given recent results of behavioural studies with dogs
which show that dogs appear to possess a unique cognitive skill set, possibly due to their

evolution alongside humans.
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2.2 Behavioural research in dog cognition

The goal of animal cognition research is generally to understand either the unique cognitive
skill set that a species has developed to survive in its environment (Shettleworth 2010), or to
study how animals differ from, or are similar to, humans; in particular, whether or not
animals experience consciousness (Griffin 2001). Studies exploring topics such as problem-
solving and means-end awareness (the awareness that specific actions will result in specific
consequences) are useful in helping researchers develop an idea of how animals respond to
stimuli in their environment. Likewise, social cognition studies, such as communication and
empathy research, help scientists further understand the evolution of social cognitive skills.
Studies in all of these domains also provide information about whether humans are unique in
their possession of certain skills or whether such skills are shared among several animal
species. This helps explain the extensive study of great apes (e.g. Gallup 1970; 1998;
Povinelli et al. 1997). As humans’ closest relative, it was reasoned that, if a chimpanzee did
not possess a cognitive ability found in humans, it would be unlikely to exist in any other

species (Humphrey 1976).

This assumption was overturned when findings emerged from the Max Planck Institute in
Germany and Eotvos Lorand University in Hungary to demonstrate that dogs respond
appropriately to human communicative gestures (Hare & Tomasello 1999; Miklosi et al.
1998). These results were unexpected because great apes, previously considered to possess
the highest cognitive skills of any animal (Humphrey 1976), tend not to successfully find
hidden food on the basis of communicative gestures such as pointing (Hare & Tomasello
2005). To explain these results it was argued that dogs’ unique evolution alongside humans
may have provided them with the ability to comprehend communicative cues by humans,
heretofore believed only to exist in humans (Hare & Tomasello 2005). Thus began more than

a decade of research that continues to this day.
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2.2.1 Social cognition and social learning
Much of the dog cognition research to date has focused on social cognitive abilities, such as
how dogs communicate with humans or interpret communicative cues by humans. For
example, research suggests that they can learn how to complete a task by watching humans
(Pongracz et al. 2001b; Pongracz et al. 2003b, 2004; Pongracz et al. 2005a) as well as other
dogs (Pongracz et al. 2008). Several other studies have demonstrated that dogs possess the
capacity to interpret human communicative gestures, such as pointing (e.g. Agnetta et al.
2000; Dorey et al. 2009; Miklosi et al. 1998; Riedel et al. 2008; Soproni et al. 2002; Viranyi
et al. 2008). Dogs have shown that they are able to follow pointing gestures significantly
above chance; research further suggests that this does not appear to be influenced by breed
(Dorey et al. 2009) or age (Agnetta et al. 2000; Riedel et al. 2008). Moreover, dogs
consistently outperform chimpanzees, humans’ closest relative, in pointing studies (Miklosi
& Soproni 2006), and can also sometimes outperform wolves, their closest relative (Hare et

al. 2002; Viranyi et al. 2008).

These findings have led some researchers to suggest that the domestication of dogs prompted
their unusual ability to interpret human gestures (Hare et al. 2002; Hare & Tomasello 2005);
however, this theory is contentious and by no means universally accepted. For instance,
Miklosi and Topal (2005) explain that, while some domesticated species, such as goats and
cats, also perform well on pointing tasks, others, including horses, do not. Additionally, other
studies have shown that non-domesticated species, such as wolves, are sometimes better than
dogs at following human cues (Udell et al. 2008), although this finding contradicts previous

results (Viranyi et al. 2008).

Chimpanzees struggle to succeed at pointing tasks, while dogs appear to interpret human

communicative gestures with relative ease, furthering the hypothesis that dogs developed
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these abilities through domestication (Hare et al. 2002). However, there may be a more
parsimonious explanation. A recent argument put forward was that the previous failure of
great apes on pointing tasks stems not from an inability to follow the cues, but from
differences in the experimental setup (Mulcahy & Hedge 2012). For instance, in object
choice tests, whereby a subject chooses one of two containers based on experimenter cues,
such as pointing, dogs have customarily been permitted to stay at a farther distance from the
containers than great apes, which are held in close proximity. This difference may affect the
great apes’ performance, as dogs can use more of their entire visual field than great apes,

which cannot make use of peripheral vision in this task (Mulcahy & Hedge 2012).

These types of methodological differences make valid comparisons between species difficult,
but it now seems likely that dogs are not the only animals with impressive social cognitive
capabilities. More research that confirms the validity of testing paradigms across different
species, and, if necessary, experimentally testing for the same cognitive ability in several
different ways, is needed before conclusions can be satisfactorily drawn. This is important in
terms of understanding the evolution of social cognition, and underscores the importance of
behavioural studies done with dogs in terms of identifying areas for further study in species

that are often more challenging to work with.

2.2.2 Means-end awareness
In certain experimental setups, dogs have been shown to possess the ability to solve a means-
end task; that is, to demonstrate an awareness of the relationship between actions and their
consequences (Range et al. 2011). This is an important finding, as it contradicts prior studies
along the same lines which appeared to show that dogs do not possess this ability (Osthaus et
al. 2005). The inconsistencies are most likely attributable to differences in research design,

and serve to illustrate again the impact that methodological differences can have in
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influencing conclusions drawn regarding the possession or otherwise of cognitive abilities in

animals.

Osthaus et al. (2005) used a string-pulling task in which a treat was attached to one of two
strings and the dog had to pull the correct string in order to obtain the treat. The dogs did not
select the correct string above chance. Range et al. (2011) developed a different technique in
which a treat was either placed on one of two moving boards, or beside the boards, and the
dogs could move the boards toward themselves. In this setup, dogs were more likely to move
the board toward themselves if there was a treat on it rather than beside it (Range et al. 2011).
Why dogs were more successful in this paradigm is unknown, but the authors suggest that the
lack of a ‘cross board’ condition may have resulted in a simpler paradigm than the cross
string condition used in string-pulling tasks (Range et al. 2011). Further research using

crossed boards would be informative.

The string-pulling task is a well-established paradigm used with several different species (e.g.
Halsey et al. 2006; Pepperberg 2004; Schuck-Paim et al. 2009; Tolman 1937; Whitt et al.
2009), so it makes sense that Osthaus et al. (2005) would choose to adapt that research design
for use with dogs. However, the Range et al. (2011) board set-up appears to be more similar
to research with cotton-top tamarins (Hauser et al. 2002). It is possible that certain paradigms
are not well-suited to certain species, and this should be considered whenever attempting to
adapt a paradigm for use in dogs. It may be necessary to adapt different existing paradigms,

as Range et al. (2011) appear to have done, or to design a completely new method.

These clear contradictions indicate that the experimental design may affect whether dogs are
perceived to be successful at these sorts of tasks or not. Another mechanism for measuring
cognitive abilities in dogs would complement behavioural research and potentially help to

shed light on conflicting results such as these. These contradictory results also show that
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research design should be a careful consideration whenever adapting a method for use in

another species, as it could affect the validity of the study.

2.2.3 Problem-solving
Problem solving in dogs often appears to be affected by the dog-owner relationship. This is
important information to know, but the result is that there has been relatively little problem-
solving research in dogs that does not somehow involve cooperation with, or mediation by,
humans. The dogs’ response to an unsolvable problem has been the subject of research, for
example, in which a box with a treat was locked so that it could not be opened by the dog
(Marshall-Pescini et al. 2009; Miklosi et al. 2003). In these trials, dogs tended to look back at
their owner or another nearby human for assistance (Miklosi et al. 2003). Compared to
wolves, dogs were much quicker to ‘request’ assistance in this task and looked back at their
owners more often than wolves; even wolves which were hand-reared by, and deeply
enculturated toward, humans (Miklosi et al. 2003). Also, Topal et al. (1997) showed that,
when trying to access food only available by pulling an appropriate handle attached to a
container, dogs which were more anthropomorphised by their owners were more likely to
look back at their owners, as if requesting help, than dogs which were less
anthropomorphised by their owners. However, when dogs were encouraged by their owners
to persist, the anthropomorphised dogs were able to solve the problem just as well as the

other dogs.

This, along with a study by Prato-Previde et al. (2008), which showed that dogs were more
likely to choose a smaller amount of food instead of a larger amount provided the owner
showed a preference for the small amount, illustrates that performance on cognitive tasks can
be influenced by owner behaviour or the dog-owner relationship. This research has been very

informative in showing that dogs often use humans as their problem-solving ‘tools’.
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However, more problem-solving and tool use research is warranted. Topal et al’s (1997)
study showed that all dogs may be able to solve problems equally well if they are given
proper encouragement. Therefore, perhaps dogs also have a greater problem-solving ability
than has been demonstrated in social paradigms: if given the chance to solve a problem on

their own, perhaps they can succeed.

2.2.4 Empathy and self-awareness
Empathy is an aspect of cognition that has not been explored thoroughly in dogs and, of the
limited research available, the findings are open to interpretation. For example, one recent
study showed that dogs were more likely to approach a stranger who was pretending to cry
than one who was humming a tune (Custance & Mayer 2012). These findings were
interpreted as indicating that dogs may experience empathy or emotional contagion. The
authors admit, however, that a more parsimonious explanation is that the dogs may have been
previously rewarded when approaching their owner when the owner was crying and could

have generalised that experience to other humans.

There is also some evidence that dogs may ‘catch’ human yawns (Joly-Mascheroni et al.
2008). In this study, dogs were more likely to yawn after a human yawned than if that person
made a different type of facial expression in which their mouths were opened wide. This is
relevant to social cognition because yawning is often attributed to the experience of empathy
among humans and great apes (Harr et al. 2009) and, therefore, may suggest that dogs
experience empathy, or some precursor to empathy, with humans. A second study contradicts
these results, however, and suggests that dogs do not catch human yawns after all (Harr et al.
2009). In this study, dogs were shown videos of people yawning, unlike the first study when
the dogs were in the same room with the yawning person. Why these two different

approaches may have produced different results has not been determined, but it may have less
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to do with empathy than with visual perception. Dogs appear to process visual information
more quickly than humans (Miller & Murphy 1995), so a video recording may not be viewed
as a constant picture for dogs in the way it is for humans, but rather as a series of pixelated
images and half-images. It may, therefore, not be clear to the dog that they are viewing a
yawning person on the screen, whereas a person who is present in the room and yawning

would be clearly visible to a dog.

These results show how important it is to design behavioural studies in such a way that
alternative explanations can be systematically tested and ruled out, or to develop measures
other than behavioural response to determine whether dogs can experience empathy with
humans. More research is needed to determine whether, and under what conditions, dogs
catch human yawns and also to determine the relationship between yawning and empathy.
Empathy research with dogs is in its infancy; however, given dogs’ well-developed social
skills and ability to communicate with humans, it is possible that dogs do experience empathy

with humans (Silva & de Sousa 2011).

Self-awareness, which has been studied at length in other species, has rarely been studied in
dog research. Mirror self-recognition (MSR), which is believed to provide evidence of self-
awareness in animals, may exist in a few different species, such as chimpanzees (Gallup
1970), dolphins (Reiss & Marino 2001), and Asian elephants (Plotnik et al. 2006). Although
MSR is relatively rare among animals, other studies have examined animals’ use of a
reflective surface as a problem-solving tool, with species such as pigs (Broom et al. 2009)
and Japanese monkeys (Itakura 1987). Apart from one study that explored puppies’ reactions
to mirrors (Zazzo 1979), there is a paucity of research exploring how dogs make use of

reflections. Mirror studies that examine whether dogs can learn the function of reflection and
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use it as a tool would provide researchers with more information about how dogs solve

problems.

2.2.5 Summary
It is clear from this body of research that social cognitive abilities in dogs have been explored
to a considerable extent. This work has been very instructive. Dogs are skilled at
communicating with humans, perhaps because this is where their cognitive strengths lie, or
perhaps simply because this is the area of cognition that has attracted the most attention from
researchers. The extent to which dogs possess other aspects of cognition, such as means-end

awareness and tool use, is less clear.

The lack of consistent findings in some of the areas of inquiry highlights challenges inherent
in this area of research. One problem is that dogs sometimes fail at tasks believed to
demonstrate one aspect of cognition, only to excel at an alternative task believed to require
the same skills. The means-end studies described above highlight the potential pitfalls in
drawing inferences based on studies with other species that utilise the same experimental
paradigm, however well-established it may be, in dog research. In these cases, the research
design seems to make the difference between whether dogs demonstrate a particular skill or
not. This illustrates the need for studies to be carefully designed and the importance of
exploiting a range of experimental paradigms in order to establish validity for a particular
species before drawing firm conclusions; making broad inferences about cognitive abilities is
inherently problematic. Even research paradigms that have been well-established in one
species may not necessarily be valid for use in other species. It also cautions against the
tendency to rely solely on behavioural response when trying to gauge a dog’s ability in a
particular cognitive domain. With respect to empathy research, for example, behavioural

response can be difficult to interpret, with alternative explanations virtually impossible to rule
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out (Penn & Povinelli 2007). The argument here is not that behavioural research should be
replaced; indeed, it should be expanded, but with a view to confirming validity across species
if necessary, and alongside other tools able to complement behavioural studies. An example

of such a tool is discussed below.

2.3 Neurophysiological research in dog cognition

While dog cognition research has predominantly drawn on behavioural response to determine
how dogs process information, there are some recent moves to incorporate new technologies
into cognition and behaviour research. This inclusion is a welcome addition to cognition
research, as it provides ways of measuring cognitive processing, and/or the brain structures
underlying such processing, which were previously unavailable to researchers. For instance,
two magnetic resonance imaging (MRI) studies have demonstrated that there is a correlation
between the shape of a dog’s face and the organisation of its brain (Roberts et al. 2010) and
eyes (McGreevy et al. 2004). This could mean that dogs with brachycephalic heads, such as
pugs, may process visual and other stimuli differently than a dolicocephalic dog like a
greyhound. Another study developed a non-invasive eye-tracking method to measure the
precise location of a dog’s visual focus (Williams et al. 2011), which will permit a level of
observation in future dog attention studies that would not be possible with the naked eye.
Finally, a study used computers to develop algorithms allowing researchers to study dog
vocalisations in depth (Molnar et al. 2008). This study has led to other research which has
been instrumental in making the case that dog vocalisations are context-dependent (Farago et
al. 2010; Maros et al. 2008; Molnar et al. 2006), despite previous assertions that they bark for

no apparent reason (Coppinger & Feinstein 1991).

An under-utilised, but potentially informative, method of exploring dog cognitive processing

is electroencephalography (EEG). In humans, EEG is a widely used measure of brain activity
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whereby electrical impulses are externally recorded from the scalp and viewed as waveforms

(Spehlmann 1981).

EEG can be used to index event-related potentials (ERP), which are electrophysiological
responses to a stimulus (Luck 2005). The ERP waveform appears as a series of positive-
going and negative-going components (peaks) with amplitudes generally between 1uV and
25uV. Peaks in the ERP waveform can occur as early as a few milliseconds, and usually no
later than 500 msec in healthy adults, after the onset of the stimulus (Celesia & Brigell 2005).
They help researchers understand how the brain processes incoming information and how it
determines what is relevant and what is not (Luck 2005). Mismatch negativity (MMN) refers
to a negative-going component of the ERP waveform that is observable after exposure to an

unexpected stimulus and is most typically observed 160-220 msec post-stimulus (Luck 2005).

Auditory oddball paradigms are commonly used to elicit MMN (Naatanen et al. 2007). In this
paradigm, a series of ‘standard’ identical tones are presented and interspersed with occasional
‘oddball’ tones of a different frequency, duration, or volume. While a negative peak is not
observed after presentation of the standard stimuli, it does appear reliably after presentation
of the oddball. MMN is believed to reflect detection of a change in pre-attentive echoic
sensory memory, or memory of previous environmental events held in the brain on an
unconscious, pre-perceptual level (Naatanen et al. 2007). Importantly, it can be elicited when
the subject is not explicitly focused on the tones (Naatanen et al. 2005; Naatanen et al. 2007),

or even when sleeping (Atienza et al. 2002).

Measurement of MMN has great potential for advancing dog cognition research, since MMN
is related to discrimination abilities in humans. MMN can be elicited by stimuli that evoke a
response from auditory (Naatanen et al. 2005; Naatanen et al. 2007), visual (Pazo-Alvarez et

al. 2003), or olfactory (Pause & Krauel 2000) senses. In humans, the MMN waveform has
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been shown to be affected by differences in cognitive processing abilities. It has been used to
study the effects of neurological disorders such as Alzheimer’s disease (Pekkonen 2000),
post-traumatic stress disorder (Menning et al. 2008), and schizophrenia (Catts et al. 1995) on
cognitive processing. It has been studied in healthy adult populations to establish a baseline
for comparison with diseased populations, as well as in developmental research with young
children to determine when and how MMN arises (Cheour et al. 2000). This body of research
provides strong evidence that MMN is an appropriate method of studying cognitive
processing in humans. Since MMN does not require the subject to pay attention to the task,
but appears to be related to higher-order cognitive processes such as memory, it may have

useful applications in the study of dog cognition.

2.3.1 Possible uses of MMN in dog cognition research
Because MMN is a neurological measure which demonstrates that a change has been noted in
a series of incoming stimuli, this technique could be very useful in discrimination studies
with dogs. This could help reduce the need for long training periods required in some
behavioural studies, and also assist researchers in understanding the underlying processes that
govern how dogs learn and behave. In theory, MMN research should be able to be adapted

for use in the visual, olfactory, and auditory modalities.

An example of where MMN may be useful in relation to the study of dog cognition occurs
within the visual modality, where the ability of dogs to discriminate photos has previously
been tested. A study by Range et al. (2008) showed that dogs were able to discriminate
photos of landscapes from photos of dogs. However, this required extensive training with the
dogs, incorporating operant conditioning to teach the dogs to touch photographic stimuli on a
computer screen. With MMN, this training period should not be necessary. The dogs could be

fitted with the EEG electrodes and connected to an EEG system, and several different photos
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of dogs could be shown interspersed with occasional photos of landscapes (or vice versa). If
MMN were recorded immediately after the photos of the landscapes were shown, it would
indicate whether dogs (or at least dog brains) could perceive a difference between the two
types of photographs. Additional testing could then be used to determine which aspects of the

visual scenes contributed to this discriminative ability.

Another potential discrimination study that could be useful in dogs would be scent detection
work. In scenting studies, dogs are usually trained through operant conditioning to ‘select’ a
target scent in a series of scents, by behaviourally indicating that the target scent is different
from the others (Browne et al. 2006). However, if the dog fails to alert, it is often impossible
to determine whether this is because the dog failed to detect the scent, or whether it simply
chose not to respond. Using MMN could supplement the need for training to behaviourally
indicate the target by recording neurological changes which suggest that a dog has

discriminated a scent.

Training for behavioural indicators will always be necessary for ‘real world” use in police or
security work, but MMN measures could help trainers and researchers understand where
there may be differences in behavioural indicators and neurological indicators, i.e. when and
if dogs discriminate a scent based on the EEG recording but do not show a behavioural
indicator of discrimination. Trainers could then work with the dogs to develop programs
which improve reliability of behavioural indicators. Since it is necessary for detection dogs to
go through long training periods, MMN could be used in conjunction with behaviour training
to study the neurological foundations of learning and discrimination in these dogs. This
would allow researchers to establish ‘baseline’ EEG responses for discrimination of stimuli
prior to the training and develop an understanding of how neurological responses change

throughout the course of the training process.
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MMN has been used to research language processing in humans (Peltola et al. 2003;
Pulvermdller et al. 2008) and could potentially be used for similar research with dogs. There
has been some behavioural research with dogs which suggests that some individual dogs can
learn hundreds of words (Kaminski et al. 2004; Pilley & Reid 2011) and one study which
suggests that dogs can discriminate their handler’s voice (Coutellier 2006). MMN research
along these lines could help dog cognition researchers understand the extent of language
comprehension in dogs, which may have practical applications for working dogs which are
far enough away from their handlers for olfactory cues from the handler to be muted and,

therefore, may need to rely more heavily on auditory cues (Coutellier 2006).

2.3.2 Adapting MMN research for use in companion dogs
MMN has been demonstrated in rats (Ruusuvirta et al. 1998), monkeys (Javitt et al. 1996),
and cats (Pincze et al. 2001, 2002). Accordingly, it is probable that this ERP component will
occur in dogs, which would give dog cognition researchers a mechanism other than
behavioural response for studying stimulus discrimination. A potential difficulty in the
application of the methodology, however, is that its use in animals has traditionally been
invasive, involving placement of electrodes directly onto the brain itself (Pincze et al. 2001,
2002). In dog cognition research with pet dogs, this would be unsuitable since dogs are
considered to be members of the family (Kubinyi et al. 2009) and, correspondingly, owners
are unlikely to acquiesce to such treatment. There has been, however, some successful use of
minimally-invasive EEG techniques in research with dogs. For example, epilepsy research in
dogs has used subdermal needle electrodes which are inserted just under the skin (Pellegrino
& Sica 2004) and hearing loss research has used a similar procedure (Ahlstrom et al. 2005);
as an ERP study, the latter could be particularly instructive. A minimally-invasive method for

recording late-occurring potentials, such as MMN, could provide dog cognition researchers
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with a new way to measure how dogs process information to complement behavioural

research.

2.3.3 Summary
In summary, MMN research with dogs could have many different applications in dog
cognition and working dog studies. Cognition studies generally make use of companion dogs
living in human homes, because they have often been fully socialised to humans, and
therefore may have developed cognitive skills which could be different from animals raised
in a laboratory setting with minimal human contact. Before any of those studies can
commence, however, there are research design issues that must be considered in developing a
measurement technique that is appropriate for companion dogs. This is especially the case
when dogs are recruited for use in research from dog-owning members of the general public.
While such dogs have proved invaluable in this field of research, employing dogs that live as
companions in human homes brings with it additional responsibilities. A minimally-invasive
technique used in hearing-loss research should be able to be adapted to recording MMN in
dogs, however, and this would provide another, complementary, measure of dog cognitive

processing.

2.4 Future Directions

While there have been several studies examining people’s beliefs about animal cognitive
abilities, many of them occurred prior to the renaissance of behavioural dog cognitive
research in the late 1990s (Eddy et al. 1993; Rajecki et al. 1999; Rasmussen & Rajecki 1995;
Rasmussen et al. 1993). Only one study was published recently, which examines specific
cognitive abilities across a range of different animals (Maust-Mohl et al. 2012). Previous
research suggests that the dog-owner relationship can affect perceptions of dog cognitive

abilities (Serpell 1996), so this should be explored further. More knowledge of this kind
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would provide further insights into how much of the recent dog cognition behavioural
research is understood by the lay community, and may even give researchers ideas for future

behavioural studies (Hecht et al. 2012; Horowitz 2009).

The dog’s social cognitive abilities, particularly evident in cooperative actions with humans,
are unusual in the animal kingdom (Reid 2009). Indeed, dogs’ skills in this area often appear
to exceed those of other species (Miklosi & Soproni 2006). It logically follows, therefore,
that scientific research has focused on understanding the limits of these abilities, but there is
much more work that needs to be done. There are fewer cognition studies with dogs that
explore more general cognitive skills, although dogs can sometimes succeed at these kinds of
tasks too. New research, using different ways of exploring the same cognitive domains, is
needed in order to understand the full breadth of dog cognitive abilities. This may help
increase the possibility of reliable, consistent findings across a range of domains. In
particular, studies examining dogs’ responses to a mirror would be instructive in developing
further knowledge of problem-solving. While fairly common in animal cognition research
generally (e.g. Broom et al. 2009; Povinelli et al. 1997; Prior et al. 2008; Rajala et al. 2010;
Reiss & Marino 2001), mirror studies with dogs are rare, but could provide further insights

into how dogs perceive the world around them.

A method of studying cognitive processing in dogs other than behavioural research could
complement the existing knowledge of dog cognition. Some cognitive skills in dogs, such as
their interpretation of human communicative gestures, have been studied so exhaustively and
with such similar results that a good case can be made that this ability does indeed exist in
dogs. However, there remains uncertainty with regard to dogs’ capacity for means-end
awareness, in which methodological differences may mean success or failure in different

studies. A mechanism for measuring the neurological processes which underpin cognitive
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behaviour, such as electroencephalography (EEG), could give researchers another tool in
their quest to understand the extent of dog cognitive abilities. While minimally- or non-
invasive EEG has been used to examine hearing loss in dogs (Ahlstrom et al. 2005), and
higher-order cognitive processing, such as memory, in humans (Naatanen et al. 2005;
Naatanen et al. 2007), there is currently no established method for recording higher-order
cognitive processing in dogs using a minimally-invasive technique. Nonetheless, a procedure
such as this could be useful in assisting researchers to develop a more thorough

understanding of dog cognitive processing.

2.5 Conclusion

Despite the focus on behavioural research to explore the extent of dog cognitive abilities,
there are still many questions to be answered, especially where general, non-social cognitive
skills are concerned. More behavioural research is needed to help answer these questions, but
there are two other potential tools that have not been made sufficient use of in the past:
people’s perceptions and neurophysiological measures. The use of these two accompaniments
to behavioural response could provide the scientific community with more ways to examine
dog cognition. Survey research could provide researchers with further understanding of how
dogs behave in natural settings, such as the home, possibly opening up new avenues of
examination, as well as to develop an understanding of how perceived intelligence or
cognitive skills affect perceptions of behaviour, both good and bad. Neurophysiological
research would add a measure of stimulus processing to complement the interpretation of
behaviour, and allow researchers to explore the neurological underpinnings of behaviour both

in working dog training and in cognition experiments.

The aim in this thesis is to advance scientific understanding of dog cognitive abilities by

using different techniques which each offer a unique perspective on dog cognition. To this
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end, the next chapter reports the results of a survey study in which lay participants rated dog
cognitive abilities across a variety of different domains. Chapters 4 and 5 then report the
results of two behavioural studies that were undertaken to examine the conditions under
which dogs may use a mirror as a problem-solving tool. Finally, Chapters 6 and 7 illustrate a
new method of recording MMN in dogs using a minimally-invasive technique. Taken
together, results reported in this thesis expand the current knowledge of dog cognitive
abilities by exploring the general question of dog cognition in various different, but

complementary, ways.
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CHAPTER 3-PEOPLE’S PERCEPTIONS OF DOG COGNITIVE
ABILITIES

Survey data can be used to understand human beliefs regarding the cognitive abilities
possessed by dogs. This could prove invaluable, since dog owners may be best placed to
understand what their dogs are capable of. Given the recent increase in behavioural
experimentation to examine dog cognitive skills, it is somewhat surprising that there are few
recent studies (Maust-Mohl et al. 2012; Pongracz et al. 2001a) which aim to understand
people’s perceptions of these skills. An added benefit of using this approach is that it helps
researchers explore how much of the current scientific understanding of dog cognition, as
demonstrated in behavioural research, has entered public awareness. This is important to
understand because attachment levels have previously been shown to correlate with
perceptions of intelligence (Serpell 1996). Hence, it is possible that the quality of the human-
dog relationship can be affected by dog owner beliefs, thereby affecting dog welfare. The
primary aim in this study was to capture people’s beliefs in relation to the cognitive abilities
that dogs possess. A secondary aim was to explore whether the level of perceived emotional

closeness to one’s dog predicted perceptions of dog cognitive abilities.

Several cognitive domains were chosen for inclusion in this study, similar to previous
research exploring different cognitive abilities in animals (Maust-Mohl et al. 2012;
Rasmussen et al. 1993). Some cognitive skills have been thoroughly researched in
behavioural paradigms and are generally accepted by scientists as being exhibited by dogs,
such as comprehension of human communicative gestures (e.g. Hare & Tomasello 1999;
Miklosi et al. 1998; Soproni et al. 2001), and social learning from humans (e.g. Pongracz et
al. 2001b; Pongracz et al. 2005a; Pongracz et al. 2008). Other skills have been studied in
some behavioural studies, but results have been mixed, such as means-end comprehension
(Osthaus et al. 2005; Range et al. 2011). Still others, such as empathy, self-awareness and
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deception, have been studied rarely or not at all in dogs (but see Custance & Mayer 2012;
Joly-Mascheroni et al. 2008), but have been explored in other animal species (e.g. Epstein et
al. 1981; Gallup 1970; Miller 2006; Suddendorf & Collier-Baker 2009). Additionally, the
survey asked whether our respondents believed dogs were capable of these skills from birth,
or innately, or whether these skills developed over the course of a dog’s development.
Questions examining this issue were included because there has been some debate over
whether dogs’ ability to accurately interpret human communicative gestures is innate or
learned (Agnetta et al. 2000; Elgier et al. 2009; Hare et al. 2010; Wynne et al. 2008). An
innate ability may suggest that the domestication of dogs has given them a unique cognitive
skill set including communication with humans (Hare et al. 2002), while learned abilities
would mean that a simpler, associative learning process was underlying this skill (Wynne et
al. 2008). Therefore, it was important to ask people whether or not they believed dogs were
born with these abilities. Since breeders are with companion dogs from birth, and owners
shortly thereafter, they may be uniquely positioned to inform researchers about when they

believe dog cognitive abilities develop (see Appendix A for a copy of the survey).

The following journal article, submitted to Journal of Veterinary Behavior: Clinical
Applications and Research in August 2012, is titled ‘Development of the Perceptions of Dog

Intelligence and Cognitive Skills (PoDIaCS) survey’.
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Abstract

Dog cognition rescarch is expandmg, but few studies have examined people's perceptions of
specific cognitive nbilitics in dogs. The am of this study was to explore owner perceptions of
dog cognitive abilities across different cognitive domamns and to determine whether these
were associated with the dog-owner relationship. We developed an online questionnaire and
analyzed the results from 645 participants, of which 565 were dog owners. Dog owners
generally indicated the bebef that dogs are socially intelligent and possess the capacity to
learn social and general cognitive skills. One quarter of dog owners agreed or strongly agreed
that dogs were smarter than most people and 45.7 % mdicated the belief that a dog’s mental
ability s cqual 1o *3 10 S year old human children'. Perceived emotional owner-dog closencess
corrclated with almost all cognition ratings. Dog behavior is a common reason for
relinquishment to shelters, but a better understanding of dog cognitive abilities may help

mprove the mterpretation of dog behavior.
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Introduction

Accumulating dog cognition research has shown that dogs are proficient at communicating
with humans (for reviews see Miklosi ct al., 2006, Reid, 2009). Dogs nre also capable of
learning from humans by observation (Pongracz et al, 2001b; 2003a; 2003b), and understand
when humans are paymg attention to them and when they are not {Gacss et al.. 2004). Studics
have shown that some dogs can solve means-end tasks i some situations (Range ¢t al.,
2011), can understand hundreds of words (Kaminsks et al., 2004; Pilley et al., 2011), and
understand that one solid object cannot physically move through another solid object
(Pattison ¢t al, 2010).

Skills such as those demonstrated in these studies suggest that dogs experience
complex mner states. Accordingly, and despite dogs™ mability to verbally communicate their
feelings and cognitions 10 humans. many people form perceptions of these mner states. For
mstance. both children and adults are capable of categonizing dog barks, solely on the basis of
auditory information, correctly perceiving the situation the dog was in when the information
was recorded. The participants in this study guessed the perecrved emotional state of cach
dog and were quite consistent (both between and within participants) in domg so (Pongricz et
al,2011).

In another study, a survey asked people to rank scveral domestic anmmals (1.¢., cow,
pig, dog. cat, horse, sheep, chicken, and turkey) i order of mtelligence, and dogs were
ranked haghest (Davis et al, 1998). Studies in the mid-1990s asked people to rate the abilities
of dogs m specilic cogmtive domams, compared to a human child or other animals, and
showed that people tend to rate dogs more highly than other animals, but not as highly as
children (Rasmussen et al., 1995, 1993). Similar results were obtamed by Maust-Moh! ct al.

2012), who found that dogs, cats, and wild anmals were generally rated higher on several
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domains of cognitive functioning (such us learnmmg, memory, and awareness) compared to
farm anmals.

it 15 not known why dogs arc perceived to have higher level cognitive skills than farm
anmals, but there are indications that a person’s relationship with an anmal can influcnce
their perception of that anmmal's mner experiences. For example. perceived emotional
closeness between dog and owner 18 associted with perceptions of dog behavior, with
‘moderately attached” owners being less satishied with their dog's behavior on the whole than
‘highly attached” owners (Serpell, 1996). Empathy towards animals is also positively
correlated with having o positive attitude toward pets (Ellingsen et al, 2010), When people
were shown pictures of dogs in vanous potentially pamful sstuations, levels of empathy
toward animals predicted the level of pain they perceved the dog would experience
(Ellingsen ct al., 2010). In Serpell’s 1996 study, "highly attached’ dog owners rated their
dog's mtelligence higher than ‘moderately attached’ owners,

Notwsthstandmg public mterest m whether dogs have *minds’ and are com paratively
mtelligent, few studies in recent years have systematically asked owners to desenbe their
perceptions of particular cognitive abilities in dogs. We could find only onc recent study
which asked dog owners how many commands their dog understood (Pongracz et al, 2001a).
Dog cognition research has expenenced a revival smnce the late 1990s, thus expandmng
scientific knowledge of dog cognitive abilitics; therefore, it would be worthwhile to know
which abilities owners currently ascribe to dogs. The ams m this study were to understand
specific cogntive abilities dog owners attnibute to dogs, and whether emotional closeness o
pet dogs and perceved level of knowledge nbout pet dogs are associated with cognition

ratings.

Methods
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Participants
Data were analyzed from 645 participants who completed an online survey, We asked that
people be at least 18 years oid and fluent English speakers. A total of 828 pcople participated
m the survey. However, due to lack of survey completion m some cascs, the total number of
participants included in the analyses was 645, includmg dog owners and non-owners. Of
these, 581 (90.1%) were female, and 62 (9.6%) were male. The mean nge was 41.9 years (3D
< 128, mnge ~ 1910 76 years). Most (65.2%) had completed a university degree, which is
higher than the Australinn average of 24%, and 48.8% were employed full time, higher than
the Australian average of 36% (Australan Bureau of Statistics, 2012), Most participants
(61.5%) were born m Austraha; the Unsted States of Amernica and United Kingdom were also
well represented at 18.5% and 9.9% respectively. The majonity of respondents (65.4%)
reported iving with a partner and 22,7% also reported living with a child under 18 years of
age.

The majornty of participants (87.6% ) reported that they were currently hiving with o
dog. Ten people (1,6%) had never owned or lived with a dog. Of those currently hiving with a
dog, 87.7% were living with three or fewer dogs and most people (80,9%) had lived with
their dog for at least three vears, All breed groups were represented.
Materials
The Perceptions of Dog Intelligence and Cognitive Skills (PoD IaCS) survey was developed
on the basis of current literature pertaming to the cognitive abilitics of non-human species,
with particular focus on dogs. A review of the comparative hterature revealed domains of
cognitive functioning that had been well establshed i dogs (¢ g., responses 1o human
communicative gestures, Reid, 2009) and others for which evidence could be drawn from
non-dog specics (¢.g.. mirror sclf-recognition), but remamed to be explored in dogs. The

survey was divided mto three sections. Section A consisted of demographic questions.
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Section B included statements about perceved dog cognitive abilities, and Section C was the
Monash Dog Owner Relationship Scale, or MDORS (Dwyer et al., 2006) completed by
current dog owners. In Scction B, 51 survey items were developed to determine respondent
behefs with regard to whether dogs had an mstmctive or learned ability to perform certam
actions across several cognitive domains. includmg: communication with humans,
understanding of human attentional focus, problem solving, learning and memory, social
learning. means-end awareness, ool use, deception, mirror self-recognition, and
empnthy/emotional recognition. Participants were generally asked to indicate their beliefs
using a five pomnt likert-type scale mnging from | = ‘strongly disagree” to 5 = *strongly
agree’. For example, one statement about tool use was ‘dogs can learn 10 use a marror 1o find
their owner, a treat, or a toy ", and another statement, related to problem solving. was “dogs
can mstinctively solve problems like opening a contamer hd to get a treat”,

Six questions were accompanied by o picture of a string-pulling task designed to
examme perceptions of means-end understandmg i dogs (see Figure 1), Each picture
corrcsponded to the following statements: ‘dogs instinctively know which string to pull’,
*dogs can learn which string to pull by watching humans do » first”, and “dogs can leam
which string to pull by watching other dogs do it first”.

In Secuon C. dog owners were requested to complete an additional section of the
survey, comprising the MDORS (Dwyer et al., 2006). The MDORS survey rates various
dimensions of the dog-owner relationship and 1 divided into three subscales: dog-owner
wieractions (e.g. nding in the cor and vissting friends with the dog), percesved emotional
closeness. and perceved costs (1.¢. the financial, emotional, and socml dsadvantages
associated with dog ownership).

Procedure
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This project was approved by Lo Trobe University Human Research Ethics Committee
(approval number: FHEC 1 I/R84), and Monash University Human Research Ethics
Committec (approval number: 2011001582),

The survey procecded entirely online, so participants were recruited through the
mternet. Socil media websstes and dog-focused online forums were the primary sources of
recruitment, and participants were encouraged 1o send the survey website to ther [riends and
family who might be interested.

Data analysis

Statistical analyses were completed using PASW Statsstics for Windows (Version 18)
(International Business Machines. Armonk, New York. USA). In Section B, a higher score
mdicated a higher perceived cognitive ability. As a method of data reduction, uwsing data from
dog owners only (# = 559 were mncluded after mspecting Mahalanobis distances for owtliers),
we performed a Principal Components Analysis (PCA) followed by Vanmax rotation with
Kaiser normalzation on all cogmtion items that had been rated on a hkert-type scale. ftems
with Eigenvalues < 0.4 on any of the cight factors, or that loaded onto more than one factor,
were analyzed as stand-alone varmables. Scores for tems on the MDORS n Section C that
were negatively phrased (c.g. ‘my dog costs too much money”) were reverse scored such that
higher scores mdicate a higher degree of emotional closeness or interaction and lower
perceived costs,

Dog cognition ratings by current dog owners and non-owners, for composite variables
and stand-nlone items, were compared using -tests, Correlations were used 1o determane the
relationship between cognition ratings and self-reported knowledge of dogs and the MDORS.
Fnally, multiple regression analyses were used to examine whether the MDORS has any

predictive value for cognition ratings among dog owners.
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Results

Principle components analysis

An cight factor solution that explaned 63% of the total variance was obtained from dog
owner (n = 559) responses to 40 dog cognition items (component scores and Cronbach’s
alpha levels are reported in Table 1). which were used to develop composite vanables for
further analyses. This solution was confirmed when undertaken with the total sample. A ninth
factor, mcluding questions related to mirror use and recognition, did not have acceptable
rehabality values and was therefore excluded. The 10 remammg questions with hikert-type
scale response options did not load onto any of the eight subscales and were analyzed
mdividually, The cight factors clearly fall into conceptually distinct subscales, and have heen
mdividually named based on what cach factor represents (e.g.. factor 1 15 termed *subscale 1:
recognition of human emotions’, and factor 2 1s termed ‘subscale 2: learned problem-solving
abilities”). Subscale names and descriptive statstics for each of the eight factors and the stand
alone ems nre presented m Table 2. Data pertaming to the item, ‘a dog’s mental ability 1%
cqual to’, which was indexed on a categorieal scale, 1 reported in Figure 2.

Owner and non-owner cognition ratings

Differences between cognition ratigs for current dog owners (n = 565) and non-owners (n =
80) were cvaluated using f-tests (sec Table 2). In relation to cognition subscale 4, *lcarncd
awarcness of human attention’, the mean score for owners (M = 4.45, 5D = .46) was
significantly greater than the mean score for non-owners (M = 4.33. 8D = 0.46),1(643) =
228, p 0,02 (two-tatled). The same was true of cognition subscale 8, *general intelbgence
compared to humans®, which owners (M = 2.61, 5§D = 0.86) also rated more highly than non-
owners (M = 2.38, 5D = 0.90), 1 (642) = 2.26, p = 0,02 (two-tailed). There were also some
differences between owner and non-owner groups among individual cognition stems. For

mstance, for the item, ‘once a dog has learned the ‘sit” command m one area (hke the
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katchen), it wall respond to the command if 1t 15 given in another area (hke the backyard) or
by another person”, the mean for non-owners (M = 3.68, 5D = 0.96) was significantly higher
than the mean for owners (M = 328, §D = 1.30), t(123) = -3.38, p < 0,01 (two-tailed). This
ako applied to the tem *the quickest way to housc tram a dog is to punish it whenever vou
find a ‘mishap’ in the house’, which owners (M = 145, 5D = 0.74) rated less highly than non-
owners (M = 215, 8D = 1.00), 1(92) = -6.05, p < 0,01 (two tailed). Conversely, owners (M =
4.62, 5D~ 0.55) rated the stem ‘dogs quickly Jearn to assocmte nctions hike picking up the car
keys with consequences like going for a nide in the car® more highly than non-owners (M =
444, 85D = 055.), 1(643) = 2.82, p < 0.01 (two-tailed). Finally, owners (M = 4.08, 5D = 0.81)
rated ‘dogs quickly Jearn the sit command when they are bemng tramed’ more hughly than
non-owners (M= 3.83, 3D =0,67), 1 (641) = 2.67, p < 0.01 (two-tailed).

Correlations between knowledge of dogs, cognition ratings and the MDORs

All participants (N = 645 ) were asked to estimate thewr knowledge of dogs i relation 1o other
members of the community; 70.3% of people sad they were somewhat or very
knowledgeable, while 22.1% smd they were somewhat or very unknow ledgeable. The
remaming 7.6% reported that they were neither knowledgeable nor unknow ledgeable. This
trend was evident among dog owners (# = 565), 73% of whom reported that they were
somewhat or very knowledgeable, 22% of whom reported bemng somewhat or very
unknowledgeable, and 5% of whom were neither know ledgeable nor unknow ledgeable.
Associations between owners' sclf-reported know ledge of dogs and dog cognition ratings
were examined using Pearson's correlation coeflicients. These lindings revenled that self-
reported knowledge of dogs negatively correlated with cogmition subscale 7, mstinctive
problem-solving abilitics, r = -0.08 (p < 0.05), and the item *dogs can instinctively recognize
themscelves mm a mirror’, r = -0.08 (p = 0.04), No other correlations between sclf-reported

knowledge of dogs and cognition ratings were sigmficant.
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Pearson’s correlation coefficient was used to examine assoctions between cognition
ratings and the MDORS (sce Table 3). The second subscale of the MDORS, which measures
Tevels of perceived emotional closeness, was significantly corrclated with each cognition
subscale and all of the individual stems, except for “the quickest way to house tram a dog is to
punish it whenever you find a ‘mishap’ m the house’ and ‘dogs learn mostly by trial and
error’, The first subscale of the MDORS, related to dog-owner interactions, was also
corrclated with several of the cognition ratings, including nll the subscales except for
Subscale 7, ‘mstinctive problem-solving abilines’, while the third MDORS subscale, for
perceived costs, was correlated with fewer than the other two subscales. The thed MDORS
subscale was significantly correlated only with PoDIaCS subscale 8, *general intelligence
compared to humans’. and two individual items: punishment of a mishap to house tram a dog,
and "dogs quickly learn to associate actions like picking up the car keys with consequences
like gomg for a ride n the car’, All sigmificant correlations were positive, except for the
correlation between MDORS subscales 1 and 3 and the house trammg item, which was
negative.

Predicting cognition ratings by MDORS subscales

Multiple regression analyses were conducted to determine whether the MDORS could predict
dog cognition ratings. In this regard, the three MDORS subscales were used to predict dog
cognition ratings on cach of the cight cognition subscales . With one exception (subscale 7,
‘mstinctive problem-solving abilities'), significant models emerged for all of the cognition
subscales, with MDORS subscale 2, related to percerved emotional closeness to one’s dog,
explimmg between 4% and 13% of the variance in cognition ratmgs. ANOVA results,
percentage of variance explained, Beta scores and p-values for cognition ratings predicted by

the MDORS are presented m Table 4,
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Discussion

The ams of this study were to explore owner perceptions of dog cognitive abilities and to
determine whether perceived know ledge about dogs and emotional closeness to one’s dog
were associated with cognition ratings. In general, the participants scored dogs very highly m
terms of the possession of complex cognitive skills. Respondents generally seem 1o agree that
dogs posscss extensive soctal cognitive skills, many of which have been established
expermmentally. However, many participants also scem to believe that dogs are capable of
recognzmg human emotion and attempting 1o deceive humans or other dogs. These latter
skills have not yet been demonstrated i scientific research, apart from a recent study that
suggests that dogs experience some form of empathy (Custance ¢t al,, 2012), This may mean
that members of the lay community are unfamiliar with, or do not understand what has been
demonstrated n behavioral studies with dogs. or that they beheve dogs® abilities go further
than what has been shown expermentally. Further research 1s needed 10 explore the
mtricacics of this result, Likewise, further experimental rescarch exploring dogs”™ abilities in
the less-explored cognitive domams would be instructive,

Few differences between owner and noa-owner beliefs about dog cognitive abilities
emerged. although owners with higher self-reported knowledge of dogs were less likely to
behieve dogs possess istinctive problem-solving abilitics. Interestingly, owners and non-
owners have different ideas about the best way to housctram a dog and how dogs make
connections betw cen actions and consequences. This could be due to the *pure positive”
method of dog tramng, championed by trmmners such as Jean Donaldson and Karen Pryor,
which proposes that dogs learn most quickly through immediate positive reinforcement of
desired behaviors and by ignoring undesirable behaviors (Donaldson, 1996, 2008; Pryor,
1999), 1t 18 also possible that dog owners have learned through experience with their dogs

that punsshment for totlet traming mishaps 1s meffective and that dogs learn most quackly by
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trinl and error. The findings further showed that owners who were emotionally closer to thesr
dogs or with a higher self-reported knowledge of dogs, generally perceved dogs as having
more cognitive skills than owners who were less knowledgeable or Jess close. These results
arc consistent with past research which suggests that people who fecl emotionally closer to
their pets beheve they are more mtelligent than people who feel less close (Serpell, 1996).
Previous studies have determmed that people’s behiefs of anmal mtelligence tead to follow
the phylogenctic scale, 50 that the more *like humans® an anmal is perceived 1o be, the higher
s general intelligence is rated (Eddy ct al, 1993), However, this does not explain why dogs
are often rated higher than other mammals, including other domesticated animals (Davis et
al., 1998: Rasmussen et al., 1993). It 13 possible that familanty with dogs can explam this
disparity (Eddy et al, 1993), or possibly even a "dog-positivity bias’ as reported in Rajecki et
2l.(1999). People believe that 'good” dog behavior 1s attnibutable to the dog's disposition, but
‘bad’ dog behavior s primanly a response to environmental events which force it to
musbehave (Ragecks et al,, 1999), This s an interesting question which deserves more
attention, but was beyond the scope of the current study,

Notably, two exceptions with regard to the anticipated direction of associations
between dog cognition ratings and emotonal closeness emerged: higher self-reported
knowledge of dogs m owners was inversely correlated with mstinctive problem-solvmng skills
and an mstinctive ability to recognize oneself m a marror, indicating that they perccived dogs
10 be lesy capable of thosc abilities. There are no studies, to our know ledge, examining
whether dogs can recognize themselves m mirrors, while some stadies exploring problem-
solving skills i dogs demonstrate that dogs can learn to solve problems which they do not
always mmediately, and therefore instinctively, solve (Pongracz cf al., 2003b; 2005; 2008).

Perhaps people with a higher self-reported knowledge of dogs are more know ledgeable about
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recent dog cognition studies, or perhaps they have more experience with dogs and have
learned about thewr cognitive strengths and weaknesses through observation.

The results of the principle components analysis showed that the individual items
loaded mto different factors m ntuitive ways. For instance, the items related to emotional
recognition all loaded onto the same factor. ltems related to mstinctive and learned problem-
solving abilities also loaded onto respective factors. The ability for deception had its own
factor, s did both learned and instinctive awarencss of human attention. Perhops
unexpectedly, the items related to emotional recognition loaded onto n different factor than
stems related 1o emotional contagion, despite the fact that both of these abilities are clements
of empathy. Ao unexpected was the unreliability of the factor related 10 dogs” responses to
mirrors, which would have been the ninth factor had Cronbach's alpha been acceptable.
These nems mcluded both mstinctive and learned abilitics to recognize oncsclf m a mirror
and 10 use a marror as a problem-solving tol, 50 it 15 possible that the inclusion of both
mstctive and lenrned skalls on the same factor coused the lower rehability as the cight
rehable factors separated learned and mstinctive abilities, Fmally, several of the stems related
to how dogs learn did not load onto any of the factors, such as “dogs learn mostly by tnal and
error’, and ‘dogs quickly learn to associate actions hke picking up the car keys with
consequences hke gomg for a ride m the car’. It 18 interesting that these wems dud not
generate their own factor or Joad onto any other factors since they all appear to be related 1o
general learning styles.

Some limitations to this survey should be considered when mterpreting the data. Our
survey respondents were prmarily tertiry educated, female dog owners. While this 1
consistent with other surveys exploring attitudes and belicfs about dog behavior (¢.g. King et
al., 2009), it could nonctheless bias the results. Also, among non-owners, only 10 respondents

had never owned or hived with a dog. This could mean that even non-owners 1 our study
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may have had sulficient experience with dogs 1o develop ideas about dog cognitive abilities
that are more sumilar to those of owners. than if we had been able to obtamn o larger sample of
people who had never had much mteraction with dogs at all. With only 10 respondents never
having owned a dog. statistical comparisons were difficult with this group. so many potential
msights were unavailable to us. Fmally, because we recruited through social media and
online dog-related forums, many of our respondents were probably very mterested i dog
behavior and cognition, more 50 than a person who did not spend time on dog forums online
may be. Future rescarch in this area should nim to sttract more men, and people who are not
‘dog lovers’, for 0 more representative sample of the population at large.

Given that this study was concerned with understanding what owners perceive their
dogs 1o be capable of, the results have potentially significant practical implications. Dog
behavior 18 a common reason for rehinguishment to shelters and subsequent cuthanasia
(Marston et al.. 2004). It is possible that, m some cases, dog owners behieve that dogs are
cognitively capable of more than they actually are and misconstrue normal dog behavior as
an attempt at “dominance’ or o stubborn lack of obedience. The more information rescarchers
have about dog cognitive capacities, and the more practitioners understand about what dog
owners may be thinking with respect to their dog’s cognitive skills. the more that can be done

10 help the general public understand how dog cognitson affects behavior.

Conclusion

Expermmental rescarch in different cognitive domams can help rescarchers understand
the extent of dog cognitive abilitics. Likewisc, surveys exploring peoples” beliefs about dog
cognitive nbilitses can help resenrchers establish where scientific resenrch connects and

disconnects with commonly held perceptions. Finally, vetermary behaviorsts can assist new
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334 owners by using evidence-based scientific research to mterpret dog behavior in the most
335 appropriate way, in order to improve understanding between the two species,

336

337 Acknowledgements

338  Wearc gratcful to the participants of our survey for providing us with msights mto thewr
339  perceptions of dog cognitive abilitics.

340

62



41

343

344

345

347

388

356

357

358

359

360

jol

363

References

Australian Bureau of Statisties. 2012, www abs gov au.

Custance, D. & Mayer, J. 2012, Empathic-like responding by domestic dogs (Canis

familiaris) 10 distress in humans: an exploratory study. Anim. Cogn. 15, 851-859.

Davis, S. L. & Cheeke, P. R. 1998. Do domestic anmeals have minds and the ability to
think? A provisional sample of opinions on the question. J Anim Sci 76, 2072-2079.
Donaldson, J. 1996. The Culture Clash. Berkeley: James & Kenncth Pubhishers.
Donaldson, J. 2008 Oh Behave! Dogs from Pavloy 1o Premack to Pinker. Wenatchee,

Washington: Dogwise Publishing.

Dwyer, F., Bennett, P, C. & Coleman, G, J. 2006, Development of the Monash Dog Owner

Relationship Scale (MDORS). Anthrozoos 19, 243-256.

Eddy. T. J.. Gallup, G. G. & Povinelli. D, J. 1993. Attribution of cognitive states 1o
anmals: Anthropomorphism i comparative perspective. J Soc Iss 49, 87-101.

Ellingsen, K., Zunella, A. J., Bjerk, s, E., Indreb & Astrid. 2010 The Relationship
between Empathy, Perception of Pain and Attitudes toword Pets among Norwegian Dog
Owners. Anthrozoos 23, 231-243,

Gacsl, M., Miklosi, A., Varga, O., Topal, J. & Csanyi, V. 2004, Are readers of our face
readers of our minds? Dogs (Camis familiariy) show situation-dependent recognition of
human’s attention. Anim. Cogn, 7, 144-153.

Kaminski, J., Call, J. & Fischer, J. 2004, Word learning 1 a domestic dog; Evidence for
“fast mapping”. Sc1 304, 1682-1683.

King, T., Marston, L. C, & Bennett, P, 2009 Descnibing the ideal Australian companion

dog. Appl. Anim, Behav, Sci. 120, 84.93

63



364

366

367

368

369

370

n

373

374

375§

376

377

378

379

380

381

2

383

%4

i8S

386

387

388

Marston, L, C,, Bennett, P. & Coleman, G, 2004, What happens to shelter dogs? An
analysis of data for 1 vear from three Australian shelters. Applied Animal Wellare Science 7.
2747,

Maust-Mohl, M., Fraser, J. & Morrison, R. 2012. Wild minds: What people think about
animal thinking. Anthrozoos 25, 133-147.

Miklosi, A. & Soproni, K. 2006, A comparative analysis of anmmals’ understundmng of the
human pointing gesture, Anim. Cogn, 9, 81.93.

Pattison, K. F., Miller, H. C,, Rayburn-Reeves, R. & Zentall, T. 2010, The case of the
disappearing bone: Dogs' understanding of the physical properties of objects. Behav. Process.
85,.278-282.

Pilley, J. W. & Reid, A, K. 201 1. Border collic comprehends object names as verbal
referents. Behav Process 86, 184-195,

Pongracz, P., Miklosi, A. & Csanyl, V. 20012 Owner's behiefs on the abihty of thewr pet
dogs 10 understand buman verbal communication: A case of social understanding. Curr,
Psycholog. Cognition 20, 87-107

Pongracz, P., Miklosi, A., Kubinyi, E., Gurobi, K., Topal, J. & Csanyi, V, 2001b. Social
learning i dogs: the effect of a human demonstrator on the performance of dogs m a detour
task. Anm, Behav, 62, 1109-1117.

Pongracz, P., Miklosi, A., Kubinyi, E., Topal, J. & Csanyi, V, 2003a. Interaction between
mdividual experience and social learning in dogs. Anim, Behay, 65, $95.603.

Pongracz, P, Miklosi, A, Timar-Geng, K. & Csanyl, V. 2003b. Preference for copymg
unambiguous demonstrations in dogs (Camy familiarix), J. Comp. Psychol. 117, 337-343,
Pongracz, P., Miklosi, A., Vida, V. & Csanyi, V. 2005, The pet dog's ability for leamming
from a human demonstrator in a detour task 1s independent from the breed and sge, Appl.

Anmm. Behav. Sci. 90, 309-323.

17

64



389

390

391

392

393

394

39¢

3%

397

398

399

400

402

403

404

407

408

409

Pongricz, P., Molnir, C., Doka, A, & Miklési, A, 2011 Do children understand man's best
friend? Classification of dog barks by pre-adolescents and adults. Appl. Anim. Behav, Sci.
135, 95-102.

Pongracz, P., Vida, V., Banhegyi, P. & Miklosi, A. 2008. How docs dominance rank status
affect individual and social learning performance in the dog (Canis familiaris)? Anim. Cogn.
11, 75-82,

Pryor, K. 1999. Don't Shoot the Dog! The New Art of Teaching and Truming, Revised
Edition edn, New York: Bantam Books.

Rajecki, D, W, Lee Rusmussen, J., Sanders, C, R., Modlin, S. J. & Holder. A. M. 1999,
Good dog: Aspects of humans' causal attributsons for a companion anmmal's social behavior.
Soc, Anim. 7. 17-34.

Range, F., Hentrup, M. & Viranyi, Z. 2011. Dogs arc able to solve a means-end task.
Anim. Cogn 14, 575-583,

Rasmussen, J. L, & Rajeckl, D. W, 1995, Differences and similarities i humans'
perceptions of the thinking and feching of a dog and a boy, Soc, Anim. 3, 117-137,
Rasmussen, J. L., Rajecki, D. W, & Craft, H. d, 1993, Humans' perceptions of anmmal
mentality: Ascriptions of thinking. J Comp Psychol 107, 283-290.

Reid. P. J. 2009. Adapting 1o the buman world: Dogs’ responsivness 1o our socal cues.
Behav. Process, 80, 325-333,

Serpell. J. A. 1996. Evidence for an assocmtion between pet behavior and owner aftachment

levels, Appl. Anim. Behav. Sci. 47, 49-60.

65



413
414
415
416
417
418
419
420

421

424

425

431
432
433
434
435

436

Table 1: The pattern/structure coeflicients for the dog cognition subscales created i the eight
factor matrix, mcluding Cronbach’s alpha levels for cach factor. *A drawing of a simple
string-pulling task accompanied these questions (see Figure 1), **A drawing of a more

complex string-pulling task accompanied these questions (sce Figure 1)

Table 2: Descriptive statisties for the exght cogmition subscales and the individual questions
which did not load onta any of the subscales. "The response options for this question were:
(1) Newborn to 11 month old human babies, (2) 1 to 2 year old human babies, (3) 3 1o § year
old human children, (4) 6 to 10 year old human children, (5) 11 to 15 year old human
children, (6) Humans who are 16 years or older. Therefore. this question could not be

analysed with the others.

Table 3: Correlation matrix descnibing relationships between the three MDORS subscales and
dog cogmtion questions. The correlations tor the cight subscales and the individual questions
which did not Joad onto any subscale are included. MDORS subscale | relates to dog-owner
micractions, subscale 2 measures perecived emotional closencss, and subscale 3 measures

perceved costs.

Table 4: Results of multiple regression analysis examining whether attachment levels predict
cognition ratings for the cight factors in the factor matrix, MDORS subscale 1 15 ‘dog-owner
wieractions’, subscale 2 4 *percerved emotional closeness’ and subscale 3 is 'perceived
costs”. Significant variables are n bold. The ANOVA results were ssgmficant (p < 0.05) for

all subscales except for Subscale 7 (p = 0.059).
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Figure 11 schematic of a simple and complex string-pulling task, each accompanying three of
the cognition questions in Section B of the questionnmre. In the smple task, the strings are
parallel, and a treat 15 attached to one of them. The dog must pull the correct string in order to

access the treat. The complex task 15 ideatical except that the strings arce diagonal.

Figure 2: response options and percentage agreement for the stem. *a dog's mental ability 1s

cqual to”
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Table 1

Pattern Stracture Coefficients”

Cemposein

1 2 3 4 3 o 7 £
Dogs are capable of snderstanding when ther owner is afraid. % 152 04F 214 055 (168 066 028
Dogs are capable of soderstanding when thew owner is happy g8 116 086 267 034 169 125 064
Dogs arc capobie of modersanding when thew awner 13 sngry e 160 0M X% 054 156 114 05T
Dogs are capable of snderstanding when the owner is sad. J67 114 05F 190 106 209  Osb  OR2
Dags are capable of snderstanding when 2 stran ger s angry J6T 155 208 os4 125 M1 088 -043
Dogs sce capoble of woderstanding when » sranges i o fiakd T3 120 14 oM 003 030 040 OBs
Dags are capable of snderstanding when 3 stesn ot s happy. g8 170 226 103 1DS 2% 058 s
Dogs are capable of vod dirg Whess 3 stran et b snd 480 )6) 230 42 127 023 0260 .18
S*Dags van temm wivieh strmg to palt by watching ofher dogx do it st 12 s 033 o8} 05T e ol OMm
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Table 2

Descriptive Statisties
Owners Non-ow ners
p-value
N Mean sD N Mean SD

Cognition subscale | recognition of human emotions 565 426 058 80 418 0.4 025
Cognition subscale 2. leamed problem-solving abilitics S04 383 009 80 395 04 0.08
Cognition subscale 3: instnctive awareness of human attention 365 33 087 80 313 030 0.05*
Cognition subscale 4 leamed awnreness of human attention 565 445 0.46 80 433 046 0.02*
Cognition sabscale 3: deception 564 351 098 80 333 09 012
Cognition subscale 0: contagron of human emotions So4 2.90 0.76 80 305 082 0.10
Cognition subscale 7: instimctive problem-solving abilities 365 252 0.73 80 255 0.6 0.73
Cognition sabscale 8 general intelligence compared with 564 261 0.86 80 238 090 0.02¢
humans
Dogs can mstinetively recognise themselves in a mirror. 563 242 0.91 80 239 079 0.78
Dogs con learn to recognise themselves in n mirror 563 356 0.9 80 345 088 o3
Dogs can nstinctively use n mirvor to find thew owner, a treat, 562 243 092 78 236 079 0.51
or a toy
Dogs can learn to use 8 murror to find thew owner, a treat, o a 564 3.61 0.90 80 355 083 0.06
tay.
Dogs learu the ‘sit’ command quickly when they are being 563 408 081 80 383 0.67 0,01
trained
Once a dog has fearned the 'sit' command in one area (like the
kitchen), it will respond to the command if it is given in another 64 328 1.30 79 368 09 0.01°
area (like the backyard) or by another person
Dogs quickly learn to associate actions like picking up the car §68 462 0.5§ 380 444 0355 0.01*
keys with consequences like going for a ride in the car.
The quickest way to house train a dog s to punish it whenever 565 1.45 074 80 215 1.00 0.01*
vou find a 'mishap’ i the house
Dogs leam mostly by trial and error. S0l 373 093 80 359 0% 012
Dogs learn mostly by thinking about the likely consequences of 562 250 1.19 79 243 008 0.59
thewr behavionr

558 4.08 1.4 77 310 120 083

TA dog's mental ability 1s equal to:

"The result is significant at a 0.05 alpha level
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Table 3

MDORS MDOES MDORS

Subscale | Sabicake 2 Sobiscale §
Sebscale | a0 of b o™ 027" 0.0y
Sutacale 2 lesened problem-solving nbilities o.0¢ e 008
Subacale 3 mstinctive ow ol trentl CREEN (Sl 004
Subacule 4 lesned ww wlh o oy’ a.07
Sohacale $ deception o 016" 0.00
Subacule 6. contnglen of bwmnn omotions 018" LS 001
Suhacale 7 instinctive problem-salving shilities aos o’ “0.01
Subacale 8 genernl sntelligence compared with himass 013" 0" oas”
Dogs cam mistinctively recognise theruselves in 2 mwror 009" (%3 0.08
Dogs cam leam o recogmise themselves m & maror o0’ 07" 0.01
Dogs cwm mstioctively use s mirmor to fiasd thew owner, 8 West, of » oy (X nae” 003
Dogs cam learm to nse 3 maror to find thewr owner, a treat, or a toy 003 010 e
Dogs lesm the wit' command quickly when they are being trained. 004 0.8 0.05
Ounce = dog has learmed the "sit’ command m ooe area (like the kitchen),  will respond 003 o’ 0.07
00 the commumnd if # w given in ssother scen (ke the backysd) o by another person
Dags quackly learn to associate sctions ke piking wp the ow keys with conseguences 00 ol e’
like gomg for a ride i the car.
The quickest way 10 house wain a dog s to pusish it wheonever you find o ‘misbop' w he ne" .08 o’
house
Dogs lesen mostly by trisl sad evor 0.02 0.08 -0.08
Dogs learn mostly by thinking about the likely consequences of thewr behavion: 0.09° 013" 004

Tearace cotrciations between the MOURS subscalcs and five FODLICS subscaies o0 wwdividun| ey
* Resul i sigmficant at the 0.05 alpho level
SEResM s sigaificant of the 001 alpha devel
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Table 4

. Ve Stndadered Coefliclents
& ¥ Sig =

explained Betn f Sig

Cognion sobscake 1/ 3558 1875 e b L MDORS smbscale | 008 1.93 .08
Recagamon of hmman MDORS subscale 2 a0 450 <001
emotions MDORS sabscale 3 0.0 021 083
Cognition subscale 2: 3554 900 pelm 5 MDORS mbsiale | | 030 0
leaened problem- solving MDORS sebscale 2 023 473 <0.01
abilitles MDORS sbscale 3 000 200 005
Cognition sabscale 3 3,855 1.ez r<om % MDORS smbscale | .01 £0.35 0.8%
ICtve awateness of MDORS subscale 2 LER) ax «<0.01
tmman snention MDORS sabscale 3 001 017 036
Cognition mbscale 4: 3,355 153 re<im ", MDORS smabscale | 003 0.62 054
k d ofh MDORS subrenie 2 LA R 188 L)
Mmemion MDORS sabstale 3 003 061 055
Cognition subscake § 3552 1386 F<om ™ MDORS mbscale | 005 119 0.26
deception MDORS subscale ! [ B3} 4.8 00
MDORS wmbacale 3 <H01 .05 0.9

Cognition subscale 8- 33554 1418 re0m ™ MDORS smabscale | om 047 .04
contagion of hamas MDORS subscale 2 0le 4 LR}
emotions MDORS smbscale 3 005 111 0267
Cognition subscale 7 3555 250 NS - MDORS mbscale | 00 D16 .88
matmctive problem-solving MDORS sabscale 2 on 148 o.ax*
abilities MDORS mbicale 3 002 051 041
Cognition sbacale §: 3554 2805 reom % MDORS mbscale | 0.00 L2 01
general meliigence MDORS subscale 2 s 6.6 <0.01
cempared to humsns MDORS smbsesle } 0.08 185 008

* snce ANOVA reanlts were not sagnificant foc cognition sabscale 7, tis reanlk should be interpeeted with cantion
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Figure 1
Click here to download high resolution image
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Figure 2
Chick hars 10 downioad high resclution image
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3.3 Discussion

The main aim in this study was to determine how people rate dog cognitive skills across a
variety of cognitive domains, with a secondary aim of determining whether emotional
closeness to one’s dog is correlated with those ratings. The key finding of the study was that
people generally tend to agree that dogs are capable of complex cognitive abilities. The
results correspond to experimental behavioural research insofar as people agree that dogs can
follow human communicative gestures and engage in social learning, both from other dogs
and from humans. However, people’s beliefs also appear to go beyond scientifically-
established cognitive skills, with respondents generally perceiving dogs to be capable of
cognitive skills that have not been thoroughly explored in dogs, such as deception. People
also agree that dogs can recognise human emotions, although this has not been tested
experimentally, apart from a recent study suggesting that dogs experience empathy (Custance
& Mayer 2012). Conversely, respondents were less likely to agree that dogs can innately
recognise themselves in mirrors or that they are instinctively proficient logical problem-
solvers. Indeed, self-reported knowledge of dogs was inversely correlated with these
statements. Given these results, further study is warranted to examine whether dogs are

instinctively able to solve logic problems or to recognise themselves in a mirror.

As was established in Chapter 2, the dog-owner relationship has been shown to affect the
owner’s perception of both dog intelligence and the occurrence of behaviour problems, with
higher attachment levels correlating with higher intelligence ratings (Serpell 1996). In this
study, positive correlations were identified between most (but not all) cognition ratings and
perceived emotional closeness among owners and their dog. The exceptions to this rule were
“dogs learn mostly by trial and error” and “the quickest way to house train a dog is to punish
it whenever you find a 'mishap’ in the house”. The “trial and error” statement suggests that

owners with higher perceived emotional closeness may believe that dogs are capable of
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learning beyond just through association. The “mishap” item is slightly more nuanced. This
type of house training has been discouraged by modern trainers (Donaldson 1996, 2008;
Pryor 1999), and owners may have learned this or generally disapprove of punishment in dog
training. However, the ability to understand the basis for a punishment, especially
punishment which takes place well after the offending behaviour occurred, would be
suggestive of a higher reasoning ability. The item did not specify the time frame for the
punishment, but this result provides a more subtle account of people’s perceptions of dog
cognitive abilities than has been previously shown, and demonstrates the importance of
asking people to rate specific abilities, rather than overall intelligence (Maust-Mohl et al.

2012; Rasmussen & Rajecki 1995; Rasmussen et al. 1993).

The results of the current study demonstrate where scientific understanding converges with,
and diverges from, lay community beliefs of dog cognition. Apart from the theoretical
importance of this research, as highlighted in the previous paragraphs, there are practical
implications as well. Since beliefs of dog cognitive abilities correlate with higher emotional
closeness, as in the current study, or attachment levels, as in Serpell (1996), it is possible that
beliefs about cognitive abilities in dogs can affect the dog-owner relationship. Behaviour is a
common reason for relinquishment to shelters (Marston et al. 2004), so it is important that
owner beliefs about dog behaviour and cognition align with actual abilities. Understanding
the beliefs of a particular owner may help canine behaviourists work with frustrated owners
to train dogs within the limitations of the dogs’ own cognitive abilities, which could reduce

the number of dogs surrendered to shelters and subsequently euthanased.

Survey research should be interpreted with caution and does not replace behavioural research
in understanding dog cognition. Surveys are, by definition, evaluations of people’s

perceptions, and these perceptions may differ from reality. Even if a large group of people
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believe that dogs can recognise human emotions, this does not necessarily make it so. It
could, however, give researchers pause to re-evaluate current scientific understanding of
abilities such as empathy. It may even give them useful information in developing

experimental paradigms, or adapting neurophysiological techniques to explore such domains.

A limitation of survey research using opportunistic sampling to examine dog-related attitudes
and perceptions is the possibility of bias in the sample. This survey included only a small
sample of men and only a small sample of people who were not current dog owners. It also
focused exclusively on people with access to the internet and was completed almost entirely
by people living in Australia, the United States of America, and the United Kingdom, all of
which are highly developed Western cultures. Therefore, it is possible that the findings may
not generalise well to the wider, global, population. However, it may be representative of the

target population, i.e., westerners who are interested in dog behaviour and who own dogs.

In conclusion, the survey research reported in this chapter has been useful in providing
information about current human beliefs of dog cognitive abilities. While it would not be an
appropriate replacement for behavioural research, it is nonetheless informative and
complements behavioural research in dog cognition by providing insights into dog behaviour

that have not been established in experimental paradigms.
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CHAPTER 4 - BEHAVIOURAL STUDY 1: DOGS USING A MIRROR
TO FIND THEIR OWNER

An interesting outcome of the survey reported in Chapter 3 was the general perception of
dogs’ ability to use a mirror. The mean ratings for statements related to dogs’ instinctive
abilities to recognise themselves in a mirror, or to use a mirror as a problem-solving tool,
were relatively low compared with other questions, indicating that survey participants were
generally less likely to agree with those statements. Likewise, agreement ratings for
instinctive mirror self-recognition were negatively correlated with self-reported knowledge of
dogs. On the other hand, respondents were more inclined to agree that dogs can learn to

exhibit mirror self-recognition (MSR) or to use a mirror to find a hidden item of interest.

Given the paucity of research examining dogs’ reactions to mirrors, abilities such as these
should be tested experimentally. This information would further current knowledge of dog
cognitive abilities, research of which has predominately clustered around social cognitive
domains. The relatively few studies examining non-social cognitive tasks have sometimes
produced contradictory results (e.g. Osthaus et al. 2005; Range et al. 2011). Mirror research
would add to knowledge of dog cognition in a domain that has been explored extensively in
other species (e.g. Broom et al. 2009; Eglash & Snowdon 1983; Gallup 1970; Itakura 1987)
but very little in dogs (but see Zazzo 1979). The aim of this study, therefore, was to
determine whether dogs could use a mirror to locate their owner, holding their favourite toy,

after a very short exposure to the mirror setup.

The study was based on a similar study using pigs (Broom et al. 2009), which was chosen
because pigs are phylogenetically similar to dogs. The original study had a five hour
exposure. However, our exposure period was very short because many pet dogs live in human

homes (Kubinyi et al. 2009), where they may have had extensive access to mirrors
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throughout their life. The first exploration of mirror-directed behaviour in adult dogs is
reported here, in the article titled ‘Can dogs (Canis familiaris) use a mirror to solve a

problem?’, published in 2011 in Journal of Veterinary Behavior: Clinical Applications and

Research.
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4.2 Can dogs (Canis familiaris) use a mirror to solve a problem?

Joumnal of Veterinary Behavier {2011) &, 306-322
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Introduction

Abstract The ability of animuls 10 use a0 mirror, cither as o problem-sobving tool o lu the vupmc- ol
self recognition, has been tested in severul species. However. there are no emp of

waing murmoes with mmpmlnn dogs, which differ from most amimals io that ihey we no- infancy often
kept in phern envi e Ining many reflective surfaces, inclading houschobkd micron, We
weed o simple repeated melsuros design, l'ilh 00 pro-trainkig, to test whether pet dogs (n = 40) under-
stand the comcept of refloction, Huch dog ucoompanied thelr omner ksto 3 room contalning » large cov-
ered mirror. They were given | minute 1 explore the room, followmg which the mirror wis sncovered,
After anather minute of exploration, the dog was motivited 1o sstond 10 the mirror by the owner. A
second owner then appeared In an sdjoining room displaying se dog's Lavourite oy The second swner
stood behind the dog but could be soen In the reflective surface of the miree. Dogs were more likely 1o
atiend 1o the mirror when the sccond swner was visible than whes the owner wait not visible in the
mirroe. Seven dogs terned awasy from the mirror 10 look 1owand the acimal logation of the owner, OF
these, 2 then attended 1o the owner in the window more than the mirror. It is possible that these 2 dogs
mnderstood the real location of the owner and, therelose, the natare of reflection. However, none of
these responses was completely unnmbiguoos and most dogs tesiod showed bo evidence of u capacity
1o spontancously use the mirror (0 locate the second owner.

© 2011 Elsevier Inc. All nghts reserved,

1970). In this mitial study, 4 chimpanzees were exposed
to a mirror for 10 days, after which o mark was secretly

The reaction of an animal 1o its own reflection has been of
interest 10 animal cognition rescarchers for many years,
since chimpanzees (Pan poglodytes) were reported to
demonstrate  mimor  self-recognition o MSR  (Gallup,
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placed on cach animal’s forehead. The murk was not visible
to the chimpanzee, except in the mirror, however, when
cach animal yaw its reflection in the mirroe, it began to
touch the mark on the forehead, suggesting that it under-
stood that it was looking at its own image. This is called
the “mark test.” Success is taken o imply that the animal
has an idea or expectation of what it looks like from an
outside perspective (Nielseo et al., 2006), bat it could also
mean that the animal is self.aware (Gallup, 1995), Most
human children respond sioularly w0 the mirror, when a
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murk is placed on their head, by the age of 24 months
(Amsterdam, 1972).

Since this "first experimental demonstration of  self-
concept in 4 subhuman form™ (Gallup, 1970, p. 87), several
other species have been claimed 1o have demonstrited an
ability to recognize themselves in the mirror, by passing
the mark test, For instance, after a period of exposure to a mir-
ror under water, 2 dolphins { Tursiops rruncaties) were marked
with a visible marker and a sham marker, a visible marker
only, or left untouched. The parts of the body that were
marked were visible only in the mirror, and both dolphins
spent more time looking at those particular parts of the
body when marked with a real marker than when they had
been sham-marked or not marked at all (Reiss and Marino,
2001 ). Furthermore, one Asian elephant (Elephas maximus)
has also shown evidence of MSR after exposure to a mirror,
by swinging its trunk and continually touching a mark made
on the side of its forchead (Plotnik et al., 2006). The reaction
of $ European magpies (Plca plea) o a mirror wits also stud-
ted, and 2 magpies showed clear mark-directed behaviors af-
ter being marked in highly visible yellow as compared with a
biack sham marker that was not visible on their biack feathers
(Prior et al,, 2008), Rhesus monkeys (Macaca mulatta) that
have been fitted with a head implant for electrophysiological
research also show self-directed behaviors in the mirror, con-
trary 1o previous reports (Rajala et al., 2010), However, some
caution is needed in interpreting results of self-directed be-
havior that is not clearly mark directed. A 1993 study with
chimpanzees showed that there wis no stroag association be-
tween self-exploratory behaviors and passing the mark fest
(Povinelli et al., 1993),

MSR in the context of the mark test is clearly rare
umong animal species; furthermore, the results of experi-
ments using this paradigm are difficalt to interpret. It is
argued that passing the mark test is not definitive evidence
that an animal is self-aware because the required response
could be based on previously leamned behaviors (Epstein
ctal., 1981). Failing the mark test also does not definitively
prove lack of self-awareness. It is possible that many ani-
mials are not motivated to attend to themselves in a mirror,
in which case they may not successfully demonstrate
mirk-directed behaviors toward their bodies even if they
are self-aware (Suddendorf and Collier-Baker, 2009). This
possibility is supported by the fact that less than half of in-
dividual great apes tested display mark-directed behaviors
in the mirror during this test; the remaiming animals may
be cognitively capable of displaying mark-directed behav-
tors but are not motivated to do so (Suddendorf and
Collier-Baker, 2009). In an effort to answer these criti-
cisms, one study showed that gibbons (g : Hyiobates,
Svmphatangus, and Nomascuy) were unsuccessful in recog-
nizing their selfiimage in a mieror, even when they were
provided with strong motivation to do so (Suddendor! and
Collier-Baker, 2009), Although these gibbons were marked
on their faces with white paint thar resembled sugar icing,
which had been previously emten by the gibbony when
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placed on their arms, they did not attempt 1o remove the
paint from their faces after they had access to a mirror, In
post-tests, in an attempt to encournge the gibbons to use
the information in the mirror o remove the paint from their
faces, the authors smeared icing on the surface of the mirror
itsell. Although the gibbons removed the icing from the
mirror and ate i, they never showed any mark-directed
behaviors toward their own bodies.

Despite the relative ranty of mark test success in the
animal kingdom, an animal’s reaction to & mirror can be in-
teresting. even if it does not show MSR. Animals often go
through a series of behaviors on exposure to a mirror, be-
fore, or instead of, demonstrating self-recognition. When
initially exposed to 4 mirror, animals may react 1o their mir-
ror image as if they are viewing a conspecific (another an-
imal of that species) for the first time (Plonik et al., 2006),
and human children respond in this way before the age of
1 year (Amsterdam, 1972), In dogys, this behavior may man-
ifest with play bows or sturing with raised hackles, How-
cver, the “other animal™ invariably responds in an
unexpected way to the real ammal's social cues (Znzzo,
1979), und the animal may then begin to physically inspect
the mirror (Plotnik ¢t al., 2006). A dog may therefore ook
behind it, jump onto it with the front paws, or paw at it
This corresponds to behavior that is observed in human in-
fants at around 12-14 months of age (Amsterdam, 1972). A
third response is considered the beginning of understanding
the function of reflection, and is categorized by an animal
showing self-directed behaviors in front of the mirror
(Plownik et al., 2006). This was noted by Gallup (1970)
when the chimpanzees in his study picked their eeth and
nose in front of the mirror. made faces at the mirror. and
blew bubbles in the mirror, The final developmental step
in human infants (Amsterdam. 1972), also demonstrated
by certain animal species (Plotnik et al, 2006), is MSR,
which is demonstrated by mark-directed behaviors in the
mirror during the mark test,

In addition to MSR paradigms, there are studies explor-
ing whether certain species can use a mirror as a tool, This
could be evidence of an ability to understand the nature of
reflection, and to subsequently use a mirror to locate an
item of interest, such as food, For instance, pygmy
marmosets (Cebuella pygmaea) are able to use a mirror
to sce hidden conspecifics in a neighboring compartment,
separated by an opagque wall (Eglash and Snowdon.
1983}, On seeing these conspecifics, the marmosets some-
times engaged in threat displays directed toward the actual
location of the ¢ ific, as opposed 1o the mirror. This
suggests that marmosets were aware of the location of the
actual animal, and not just its image. In another study, Jap-
anese monkeys (Macaca fuscara fuscata) leamed 1o retrieve
a piece of apple from various different compartments visi-
ble only in a mirror (ltakura, 1987). Other rescarch showed
that, after reinforcement traimng, pigeons (Columba livia
domestica) were able 1o leamn to peck a dot on the wall vis-
ible only in the mirror, and later they pecked dots on their
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hody that were only visible in the mirror (Epstein et al.,
1981). Finally, a recent study explored whether pigs (Sux
scrofa) could use a mirror to solve a problem (Broom
et al, 2009), Pigs were taken to a room which contained
food hidden behind barriers, but the food was visible in a
strategically placed mirror, It was hypothesized that pigs
that understood the nature of reflection and could use the
mirror as 4 tool would take the quickest route to the food
based on the information provided in the mirror. While naive
pigs were more likely to go behind the mirror in search of the
food, pigs with 5 hours of exposure to the mirror were more
likely to use it 1o locate the food (Broom et al., 2009).

MSR has not been reported in dogs (Canis familiaris), but
Zazzo (1979} swdied puppies exposed 1o a mirror until 4
months of age, and reported that none of them demonstrated
uny knowledge of the nature of reflection, The puppices never
moved beyond the social conspecific response. To extend
these observations, we wanted to adapt the idea of using o
mirror #s # problem-solving ool for use with adult dogs,
Healthy dogs should be able to see into a mirror, although
they may not see detils as clearly as human beings (Miller
und Murphy, 1995). Dogs have dichromatic color vision,
simidur to human beings who are color-blind (Neitz et al,,
1989). and although brachycephalic (short-nosed) und doli-
cocephalic (long-nosed) dogs have different visual streaks
(McGreevy et al., 2004), there is evidence that dogs in gen-
eral cannot see as well in extremely close range (i.c., fess
than 33-50 cm) as human beings (Miller and Murphy,
1995). Therefore, a distance of 60 ¢m from the mirror shoald
be an adequate distance for most dogs to obiain a reasonably
clear picture of their mirror image.

Because of odor cues from the food used in the task
developed by Broom et al, (2009), this exact setup could not
be used for dogs. Instead, we tried to motivate the dogs to
ook into the mirror by the presence of an owner, holding
the dog’s favorite toy. who stood in a room with a large win-
dow connecting 1© an adjacent room, where the dog and
the mirror were located. The owner stood directly behind
the window facing the dog. and the dog sat with its back to
the owner, facing the mirror (Figure 1), Therefore, the dog
could look into the mirror and see the owner through the win-
dow. On seeing the owner with the toy in the mirror, if the dog
turned around 10 face its owner, this could indicate that he
or she knew the owner's actual location behind them and;
therefore, understood the nature of reflection.

Unlike the study by Broom et al. (2009) and other pre-
vious studies using mirrors and animals, we did not exten-
sively pre-train the dogs with the mirror before the
experimental trial. A rigorous experimental design would
require that previous mirror exposure be controlled, How-
ever, we were unable to achicve this because the dogs in
our sample were like many others kept in western societies,
who live in human homes and are primarily kept as com-
panions (Kubinyl et al, 2009), Therelore, we assumed
that they would have previously had exposure to a mirror
inside the home or at least w other reflective surfaces
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Figure 1 Experimental setup. The dog, experimentee. und owner
1 were in the room with the large mirror on the floor. Owner 2 wis
i the next room, which was joined by o large window from wikst
height upwards, Owner 2 held the dog’s favorite toy in condition
3, during which time the dog could see owner 2 by looking into
the mirroe. The solid green arrows indicate the directions in whach
the dog can see when facing the uncovered mimor, and the dashed
blue arrows indicate the direction in which the dog can see when
facing the window. For i ation of the ref to color in
this figure legend, the reader is referred to the Web versson of this
articke.

and, to reduce the time commitment required from our vol-
unteer dog owners and cnable inclusion of the greatest
number of dogs possible, chose 1o provide only minimal ex-
posure 1o the mirror before the test trial. The aim of this
preliminary study was simply to determine whether any
dog in u sample of 40 spontaneously used u mirror to solve
a problem.

Methods

Participants

Purebred and non-purebred dogs (n = 40) that were at
least |8 months of age, and that had 2 adult owners who
were both able 10 come into the university for the study,
were cligible to participate, There were 24 male and 16
female dogy: 30 dogs were purebred and 10 were crosses,
The dogs had 1o be able to sit and stay in one place for up o
| minute, based on the owners' commund, Owners reported
the breed or combination of breeds of their dog, as well as
its sex and age, the number of hours per day that the dog
spent indoors, and whether there were low-lying mirrors
in their home to which the dog may have had exposure.
Windows, pooling water, and other reflective surfuces
were not considered because the quality and consistency
of the reflection in these surfaces cannot be controlled.
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According to their owners, 25 dogs spent more than 12
hours daily indoors, whereas 7 spent 3 hours or less inside
the home. All dogs spent at least | hour inside per day.
Twelve dogs had probably not had exposure to a mirror
in the home, with the other 28 most likely having had ex-
posure to a low-lying mirror at home.

Materials

A3 X 55m’ room in a building st Monash University
Clayton campus held a farge (1 X 1.5 m”) freestanding
mirror. facing @ window (1.8 X 1.5 m?) through which
the upper half of an adjacent room was visible (Figure 1),
The bottom of the window was 1.1 m off the ground, approx-
imately waist height for an average adult, and was fitted with
u blind that permitted it to be covered or uncovered as neces-
siary, The mirror was on the floor, 2.5 m from the will with the
window, und was also covered with a removable blanket. A
video recorder (Sony Handycam Digital Video Camera Re-
corder DCR-DVD60SE (Sony. Tokyo. Japan) and FLIP
Mino Pocket-Sized High-Definition Camcorder, Cisco, Ir-
vine, CA) was used to record the dog's behavior toward the
mirror throughout 3 conditions, each lasting for approxi-
mutely | minute only because of the dog's short attention
span. In condition 1, the mirror and window were both coy-
ered, For condition 2, the mirror’s cover was removed and
the window remained covered, whereas in condition 3, both
the mirror and the window were uncovered.

Procedure

The dog, one owner (owner |), und the expenimenter
entered the room with the mirrar, whereas the dog's second
owner (owner 2) remained in the adjacent room behind the
(covered) window. The roles of the owners were determined
by asking who among them was most strongly bonded to the
dog. und who had most control over the dog. In most cases,
this person was the same, and be or she became owner | be-
cause of the necessity of the dog's obedience during the tnal.
In o few cases, the most strongly bonded owner was not the
one who had most control over the dog; in these cases, owner
1 was the one who best controlled the dog, and owner 2 was
the person most strongly bonded to the dog. The door be-
tween the 2 rooms was closed to control for sound and odor
cues as much as possible. Owner 2 held the dog's favorite
toy, If the toy contained @ squeaker or other noisemaker,
owner 2 was asked to ensure that the toy did not make any
noise, so as 1o control for sound cuees, Owner 2 was asked
to remain stlent throughout the experiment, and to not pro-
duce any treats or other food items that could have provided
odor cues to the dog. Owner | was requested not to bring
tredts or toys into the room with the mirror because this
may have distracted the dog.

On entering the room with the mirror, owner | and the
experimenter stood behind the mirror, to discourage the dog
from looking in any other direction than toward the mirror,
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thus risking the possibility of seeing owner 2 in peripheral
vision, Owner | was instructed to ignore the dog for
conditions | and 2. After condition 2, the experimenter
instructed owner 2t bend out of view of the window, and
opened the blind so that the adjacent room was visible from
the room with the mirror. During condition 3, owner
1 commanded the dog o “sit” and “stay”™ facing the
mirror, with the owner moving out from behind the mirror
if necessary to ensure that the dog was correctly positioned.
The dog was placed behind a line on the floor, approxi-
mately 60 cm from the mirror. In most cases, the owner was
able to return behind the mimor after the dog was in a
“stay” position; however, if the dog was consistently
disobedient 10 the command after owner | attempted 10
move back behind the mirror, owner | stood next to the dog
near the edge of the mirror 10 encourage obedience by the
dog. The experimenter returmned behind the mirror, and
requested owner 2 to stand up using a hand motion, Owner
2 becume visible through the window and could be seen by
the dog through the mirror. After the trial began. neither the
experimenter nor owner | attempted to draw the dog’s at-
tention to the mirror. by tapping on it or motioning toward
the mirvor stself, In the original design, a fourth condition
wis included. in which the mirror was covered and the win-
dow remained uncovered. The dog was commanded to sit
and stay facing the window, in which owner 2 was visible
with the toy. However, the video data from this condition
were lost, thus could not be included in any analyses.

Data analysis

For each condition, we meusured frequency of attending
to the mirror and window, exploratory behaviors toward the
mirror (e.g., sniffing within 60 cm of the mirror, walking
around/behind the miror for <10 seconds at a time,
Jumping onto the mirror with front paws), the frequency
of head turns from the mirror to the window, and the
frequency of head tums from the window to the mirror.
Video data were coded using a partial interval recording at
5-second intervals, during which time the presence of a
relevant behavior was noted if it had occurred at all during
the previous 5 seconds. This was necessary because a
behavior as quick as a tum of the head from the mirror to
the window may not take a full 5 seconds, but would be
very important for the purposes of the study. Statistics were
analyzed using SPSS (version |8, IBM. Somers. NY).
Inter-rater reliability was measured by comparing coding of
a naive observer with that of an experimenter on videos
from 10 of the dogs. Percentage agreement was 34%, and
Pearson’s correlation always exceeded (L667 (P < 0.04).

Results

There was no significant difference in frequency of explor-
atory behaviors toward the mirtor between the 3 conditions,
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using a Bonferroni-ndjusted alpha level of 0.017, Wilks’
Lambda = 0.84, F(2, 38) = 1356, P = 0.038,

There was a significant difference in frequency of
attending to the mirror, with a large effect for condition,
Wilks" Lambda = 0,31, F(2, 38) = 4186, P < 0,001, par-
tial ety squared = 0.69. After Bonferront adjustments, dogs
attended more frequently to the mirror in condition 3 than
conditions 1 (£ < 0.001) and 2 (P = 0.002). In condition 2.
they attended more frequently 1o the mirror than in condi-
tion 1 (P < 0.001).

There was a significant difference in the frequency of
time spent attending to the window per condition, with
a lurge effect size for condition, Wilks" Lambda = 0.75,
F(2, 38) = 630, P = 0.004, partial eta squared = )25
After a Bonferront corvection, dogs aneaded more fre-
quently to the window in condition 3 thon in conditions
1P = 0005) and 2 (P = 0.007).

There was a significant difference in the frequency of
heud tums from the mirror to the window per condition, with
u lurge effect size for condition, Wilks' Lambda = 0.86. F(1.
39) = 6,35, P = 0,016, partial eta squared = (.14, With a
Bonferroni correction, dogs turned their heads from the
mirror 1o the window more frequently in condition 3 than
in condition 1 or 2 (P < 0.05). There was no significant
difference in frequency of head tams from the window 1o
the mirror between conditions, Wilks' Lambda = (.95,
F(1.39) = 1.93, P = 0.173, parial eta squared = (.05,

Independent samples -tests illustrated that there were no
significant differences in any of these behaviors when com-
paring dogs reported by their owners to have previous mir-
ror exposure and dogs reported by their ownery us having
no Previous mirror exposure in uny condition,

In condition 3, 7 dogs (17.5%) wmed their head from
the mirror to the window at least once. Of these, 2 had o
higher frequency of attending 1o the window than the
mirror, and one attended to the mirror more frequently than
the window, The other 4 never attended to the window
again after the initial head turn. The age range of dogy that
performed head turns from the mirror to the window was 18
months to § years, and 3 were female and the remaining 4
were male, The breeds were as follows: Japanese spitz,
Australian shepherd, Lagotto Romagnolo, rottweiler (2),
Labrador retriever. and miniature poodle. Four were
reported by their owners as having had previous exposure
to mirrors at home.

Of the 2 dogs that performed a head turn from the mirror to
the window and then attended to the window more frequently
than the mirror, one attended o the mirror, then performed a
head turn from the mirror to the window, and subsequently
only attended 10 the window, This 2-year-old male Labrudor
retriever had a brief (< | second) pause while turning his bead
from the mirror to the window, Another dog attended 1o the
mirror, performed the head tumn to the window, and attended
to the window, then returned to the mirror, and later turned
from the mirror to the window again, This 5-year-old female
Japunese spitz did not behaviorally show a visibly incressed
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alertness level toward owner 2 in the mirror immediately
before tuming her head.

Of the remaining 33 dogs. I8 (55%) had a 40%
frequency of attending to the mirror in condition 3, Eight
dogs (24%) attended to it at less than 23% frequency, and 7
(21%) never attended to the mirror, The 18 dogs that
attended to the mirror with at least 40% frequency, attended
1o the window with less than 1 7% frequency. However, only
3 of the 18 dogs (17%) attended to the window at all, with
the other 15 dogs never attending 1o it. In all, 25 (76%) of
these 33 dogs have huad previous exposure (o mirrors,
according to owner reports.

Discussion

Dogs attended to the mirror more frequently in condition 2
than in condition |, which is probably because the mirror
was covered in condition 1, making it physically impossible
for the dog to attend 1o the reflection within it, There was
also a significant effect of condition between conditions 2
and 3, when the primory difference was the visibility of
owner 2 with the toy. However. during condition 3. the dog
was commanded to sit and stay facing the mirror, whereas
the dog was given no commands during condition 2.
Although sitting and facing the mirror did not force the
dog to attend to the mirror, it could have increased the
likelihood of the dog atteading to the mirror in condition 3,
as compared with condition 2, especially if the dog never
approached the mirror in condition 2. Nonetheless, because
dogs were significantly more likely to attend to the mirror
in condition 2 than condition 1, it is clear that dogs did
somewhat attend to the mirror during condition 2, This
suggests that dogs were motivated 1o attend to the mirror in
condition 3, when they could see owner 2 in the reflection.
There wis no effect of condition on exploratory behaviors
townrd the mirror, and this may be because many dogs have
had previous exposure to a mirror, and would have learned
that interacting with the mirror is fruitless. Dogs were also
significantly more likely 1o attend to the window during
condition 1 than during conditions | or 2, and this iy
probably because the blind was down in conditions | and 2,
which would have made it impossible to see into the other
room or 1o observe owner 2 in the first 2 conditions. Again,
this suggests that the dogs were motivated to see owner 2
and/or the favorite toy displayed by this owner.

Having confirmed that many dogs were motivated to
spend time observing owner 2, either directly through the
window or indirectly through the reflected image in the
mirror, it is of particular interest that 7 dogs performed
head wrnx from the mirror o the window in condition 3.
This may indicate that these dogs understood the nature of
reflection and were able to use the reflected image of
owner 2 to locate the actual position of owner 2—a highly
salient social stumulus, However, in arguing against this
interpretation, only 2 of the 7 dogs who displayed this head
turning  behavior sub tly attended to the window
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more than the mirror. The other § dogs turned 1o the
window but then resumed other activities: 4 of them
returned their focus to the mirror and never looked at the
window again and ooe alternated its gaze from the window
to the mirror several times, but spent more time looking at
the mirror than the window. The 2 dogs that did attend w
the window more than the mirror after demonstrating head
turning behavior may have understood the nature of
reflection and used it o locate the owner. They initially
attended o owner 2 in the mirror, then performed 4 head
turn from the mirror to the window, and then proceeded to
attend to the window, on the other side of the actual
location of owner 2.

Although this result may indicate that a small number of
dogs spontaneously used the mirror to locate owner 2, an
important caveat is that a completely unambiguous re-
sponse wiss pever observed in any of these 2 dogs, The
Labrador retriever bricfly paused while turning his head
from the mirror to the window. Although this may be
inconsequential, it may have meant that the dog was able to
notice owner 2 in its peripheral vision, thereby continuing
to tum in response to this information rather than to the
information obtained through the mirror. The other dog did
not show an increased level of alertness toward the mirror
after observing owner 2 before turming its head, so there is a
smill possibility that the dog’s head turn was spontancous
and not in response to the visual cue, or that it was cued
by some other stimulus of which we were unaware of.
We prefer o conclude, albeit tentatively. that the 2 dogs
did use the reflected image to infer the true location of
owner 2 because they each focused their attention on the
window after turning.

Despite these few exceptions, most of the dogs in the
study never tumed from the mirror to the window. In the
case of 7 dogs, this is probably because they never attended
to the mirror at all, so they would not have had the
opportunity 1o notice owner 2. However, the other 26 dogs
attended to the mirror at least 23% of the time in condition
3. and they still never torned to face the window after the
second owner appeared, Although this may be because they
did not understand the nature of the reflected image, it
remains possible that they did know where owner 2 was,
but did not respond in the manner expected either because
of obedience to owner | (who had directed them to sit and
stay facing the mirror) or because they were highly
motivated to attend to the reflected image. We believe
these explanations to be unlikely. A dog’s success at fol-
lowing obedicnce commands depends greatly on whether
its attention is focused on the human being giving the com-
mand (Lindsay, 2005), A small number of the dogs never
broke eye contact with owner |, and this meant that those
dogs did not focus on the mirror and therefore probably
never noticed owner 2. The remainder. however, were not
so focused on owner | und did appear to be looking into
the mirror, paricularly when owner 2 became visible. We
think that, if the dog was willing to redirect its attention
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from owner 1's face when owner 2 became visible in the
mirror, this would have led to competing motivations and
impulses thut should have affected the dog's behavior dur-
ing the stay command,

Several of the owners in this study indicated that their
dogs like to play mirror games at home, and the owners of 2
of the dogs stated that their dog used mirrors as a tool 1o
locate them. However, these dogs were unsuccessful in
locating owner 2 in our study. This could mean that the
dogs that play mirvor games or use the mirror as u problem-
solving tool at home could be using other cues to find their
owner, such as odor or noise. 1t is also possible that dogs do
Jearn how the mirror works in familiar environments, but
they do not generalize that information 10 2 new location.
Further research 15 needed to determine whether dogs can
leam the function of a reflection after o certain amount of
cxposure to a particular research setup in a specified
location, This may be possible because other animals
studied must be exposed (0 a mirror for & certin period
before they learn how the mimror works (e.g., Broom ct al..
2009), We purposely did not expose dogs 1o this setup be-
cause many dogs would have had previous exposure to mir-
rors or other reflective surfaces during their lives, However,
there were no significant differences in mirror- or window-
directed behaviors between dogs reported by their owners
to have had previous exposure 1o reflective surfaces and
dogs reported by their owners not 1o have previously
been exposed to such surfaces. These results should be in-
terpreted with caution because we relied on owner report
for this information and were unable to control for exposure
to other reflective surfaces: it is quite possible that many pel
dogs have previously been exposed to their mirmor image
without their owners' knowledge. The response of most
dogs in this stedy indicates that they do not understand
how @ mirror works, ut lesst not in a novel environment.
That there is i high level of individual variation, with 2
dogs (and maybe 71 possibly understanding reflection,
may indicate that all dogs are capable of learning the func-
ton of a miror in a particular area, but some may need
more exposure than others. Therefore. studying dogs that
have received training on the use of the mirror as a tool
in the same way that pigeons were triined (Epstein ¢t al.,
1981) may be more successful. Dogs have also shown
themselves to be proficient in object-choice paradigms
(e.g., Hare and Tomasello, 1999: Miklosi et al., [998).
and they might find the prospect of obtaining a treat or
toy more interesting than simply observing the owner hold-
ing a toy. Therefore, future rescarch could include using the
mirror a8 4 100l to locate the baited containers 1n object-
choice paradigms.

Although not specitically tested, we did not observe any
obvious breed, sex. or age difference in performance on this
task. Although 4 of the 7 dogs that performed a head turn
from the mirror to the window had previous exposure 1o
mirrors inside the home. including both dogs that seemed 10
understand reflection, most of the dogs in the study also had
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previous exposure but did not complete o head tum, thus
conclusions cannot be drawn from this information, More
research examining the source of these individual differ-
ences in mirror responses would be useful.
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4.3 Discussion

The aim in this study was to determine whether dogs could use a mirror to find their owner
holding a toy, following very little exposure to the experimental setup. The study was adapted
from a recent study which demonstrated that pigs could use a mirror to find hidden food
(Broom et al. 2009). Since pigs are phylogenetically similar to dogs, it was believed that dogs
would also be capable of completing this task. Contrary to expectation, the study

demonstrated that dogs were generally not able to find their owner using the mirror.

In the experiment, there was a one-minute period in which the dog was able to adjust to the
room, and another minute in which the mirror was uncovered but the owner, standing in the
next room, behind a window adjoining the two rooms, was hidden behind a blind. This
allowed the dogs one minute to adjust to the mirror before beginning the testing conditions.
During testing, the mirror remained uncovered, the dog was encouraged to face it, and the
blind was lifted such that the owner in the window (positioned behind the dog) was visible to
the dog in the mirror for one minute. Of 40 dogs, only seven turned around to observe their
owner through the window. Two of these dogs then continued to attend to the window,
having appeared to use the mirror to determine that their owner was behind them in the next
room. This strongly implies that most of the dogs (i.e., those that did not turn around to face
their owner) could not correctly interpret the information in the mirror. However, that two of
the dogs did appear to correctly interpret this information appears to provide evidence, in

principle, that dogs as a species may be capable of this skill.

Another possible explanation for most of the dogs’ apparent inability to find their owner was
the experimental setup itself. There was a very short acclimation period for the dogs before
the experimental condition commenced, which may not have been long enough for the dogs

to feel calm in their surroundings and focus on the task. Indeed, in Broom et al. (2009), the
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pigs had a five hour exposure to the mirror before testing. Anecdotal owner reports that dogs
can use mirrors at home also support this possibility. Likewise, dogs may not have been
motivated to find the toy, as the dogs were not tested for motivation to find the toy prior to
commencement of the testing session. Finally, it is possible that, when the dogs saw their
owner in the mirror, they knew that the owner was in another room and therefore did not feel
compelled to turn around to obtain the toy. These limitations were important, and may
explain the null findings. Future study that adapts the research design to include motivation
trials, a longer pre-test exposure period to the mirror setup, and positioning the target object

in the same room as the mirror and the dog, is needed.
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CHAPTER 5 - BEHAVIOURAL STUDY 2: DOGS USING A MIRROR
TO FIND HIDDEN FOOD

The study described in Chapter 4 was instructive insofar as it provided the first known
evidence to suggest that dogs may possess the capacity to use a mirror to locate a desired
item. The results were inconclusive, however, due to a range of possible explanations for the
behaviour exhibited by the small number of dogs who did appear to use the mirror to locate
their owner, and by the vast majority of dogs who did not display behaviour indicative of this
ability. It remains possible that many dogs may have lacked motivation to find the owner
holding the toy, that the exposure period to the mirror setup was too short for the dogs to
become comfortable in the room, or that the dogs were aware that the toy was in another
room and therefore unobtainable even by turning around to face it. It is also possible that the
two dogs which appeared to locate the toy just happened to be turning their heads slightly at
the time the owner was revealed, thereby having the opportunity to observe movement in

their peripheral vision.

The mirror study reported in Chapter 4 was an adaptation of Broom et al.’s (2009) study with
pigs, but may have differed too much from the original design. The dogs were expected to
locate the owner holding a favourite toy rather than a food treat. It was believed that dogs
would be motivated to find the owner and toy, considering the importance of the dog-owner
relationship in dog cognition, and the dog’s ability to effectively communicate with humans,
as explained in detail in Chapter 2. Also, it was easier to control for odour cues than using
food would have been, although Broom et al. (2009) were able to effectively control for these

cues in their pig study.

Since the social element was not effective, another cohort of pet dogs was tested on a more
straightforward adaptation of the Broom et al. (2009) study. The aim of this study was to
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determine if dogs could locate food hidden behind a barrier but visible via a mirror.
Ultimately, the study described in Chapter 5 provided an opportunity to correct some of the
methodological problems encountered in the study described in Chapter 4. First, there were
tests to confirm that the dogs were motivated to obtain the treat. Second, there was a longer
exposure period to the mirror setup, thereby allowing the dogs plenty of time to adjust to the
room and learn how the mirror works. Third, the owner, dog, experimenter and treat were all
in the same room during the test condition, to mitigate the possibility that the dog knew
where the target object was located but, aware that it could not obtain it, chose not to try to
approach it. Finally, a control group was introduced, in which half the dogs were not granted

access to the mirror to find the food.

The article reflecting this research is titled ‘Dogs use a mirror to find hidden food’ This
manuscript was submitted to Journal of Veterinary Behavior: Clinical Applications and

Research in November 2012.
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Abstract

Dog (Canix familiaris) cognition resenrch examining whether dogs are able to use i mirror as
a problem-solving tool is rare. The aim of this study was 1o explore whether dogs could find
food that was visible only in a marror. In a lnboratory setting. we exposed 44 dogs 10 a larpe
mirror. attached at a 907 angle to an opaque barrier. for 10 mmutes. Dogs were allowed
complete freedom of movement. For the first mmnute of the exposure phase, the owner and
cexperimenter stood aganst a wall, ignoring the dog: afterwards, both walked around the room
for 9 minutes. The dogs could observe their movements in the marror, Then, dogs were taught
1o assocmte a bowl with food, after which the bowl was surreptitiously placed behind the
barricr, and the dogs were placed so they could sec the reflection of the food in the mwror,
Dogs were pseudo-randomly assigned to the experimental group (n = 22) as described, or a
control group (# = 22), which was identical except that the mirror was covered during the
testing phase. In the testing phase. dogs that could see the mirror were more hikely to find the
treat than dogs that could not (7 = 0.032). While fewer dogs i the control condition found
the food, however, those that did were just as likely as those in the mirror condition 1o locate
it within three minutes, This suggests that, while dogs are able 10 use the mirror’s visual cues
10 locate food, some dogs used other cues which we were unable to control,

Keywords: mirror, dog, problem-solving
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Introduction

Dog (Canis familiaris) cognition research has highlighted a scemingly singular ability
that dogs possess: that of cffectively communicating and cooperating with humans (Reid,
2009), perhaps better than any other species of non-human animal. While the dog’s social
cognitive abilities have dommated the dog cognition research landscape. studies examming
non-social cognitive skills in dogs have illustrated that, in addition to thewr ability to
communicate with humans, dogs may be adept problem -solvers in certam experimental
settings. For example, some dogs are able to comprehend 2-D referents to 3-D objects
(Kamansks ¢t al., 2009), and others can sometimes succeed at means-end tasks (Range et al.,
2011), Despite these advances, studics cxamining non-social cognitive domains in dogs, such
as problem-solving and tool usc, are relatively rare, In particular, studics exploring whether
dogs can use a mirror as & tool are lacking. Although perfect reflections are rare in nature,
many dogs in Western socicties live in human homes (Kubmyi et al, 2009) where marrors are
common. It 1s possible that dogs have learned the function of the reflection as a way to find
mems of nterest thronghout the home.

Studies exploring cognitive domaing in dogs that do not mvolve communication with
humans can sometimes produce confhicting results, For example, a recent experment showed
that dogs possess means-end understanding (Range et al,, 201 1), contradicting previous
rescarch suggesting that they do not (Osthaus et al., 2005 ). Likewise, object permanence
studies i dogs sometimes llustrate that they may understand object permanence (Maller et
al., 2009; Pantson et al, 2010), while other studies mdiscate that they do not (Collier-Baker ¢t
al., 2004; Rooyakkers et al., 2009). These different results may be a result of changes i the
research design which affect whether or not a dog can complete the given task. A previous
study by Howell ¢t al (2011) examined whether dogs can use a mirror to find their owner

standing behind them, and only two of 40 dogs tested appeared to be able to understand the
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actual focation of thewr owner based on the information provided n the reflection. However,
smce studies exploring other, non-socil, cogmtive domains have produced different results
when the methods were varied, it 15 possible that a differently designed study with dogs using
mirrors as a problem-solving tool would produce different results.

Several species of non-human anmmal have demonstrated an ability 10 use a murror as
a problem-solving tool. For instance, pigeons (Columba livia domestica) were tramed 10 peck
a colored dot on their body that was only visible in o mirror (Epstem ct al., 1981), and pygmy
marmosets (Cebuella pygmaea) that were able to see conspecifics when using a mirror made
thrent displays toward the actunl location of the other marmosets, not just toward the mirror
(Eglash et al,, 1983). Japanese monkeys (Macaca fuscata fiscaia) found hidden apples that
were only visible in 3 mirror (Itakura, 1987) and, after 5 h of exposure to mirrors, pigs (Sus
serofa) were able to find food hidden behind a barrier but visible m a murror (Broom ¢t al.,
2009),

Dog studics examinng responses 1o reflection are rare, Zuzzo (1979) studied the
response of puppies younger than 4 months old to o mirror and learned that, afier behaving
toward the mirror as if witnessing a conspecific, puppies rapidly lost interest in the reflection.
Smce Howell & Bennett (2011) produced mixed results, we decided to adapt Broom et al’s
{2009) study with pigs. for use with dogs. The aim of this study was to see whether dogs
could find food hidden behind a barrier but visible 10 a mirror after a 10 minute exposure to
the mirror sctup.

Methods

Particlpants
The Monash University Anmal Rescarch Platform 2 Animal Ethics Commitice
approved this study (approval number MARP/2011/123). Pet dogs (# = 47) ranging from |8

months to 12 years of age were recruited from greater Melbourne, Australia, through online
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dog-based forums, socml medin, and emmls 1o purticipants i previous dog cognition studies.
They were selected based on owner reports that they were at least 18 months old and obedient
10 the “sit’ command. Over half the dogs (n = 27) were purcbred, the remaining 20 being
cross-breeds. There were 23 male dogs and 24 females. Owners reported their dog's breed or
breed combination, sex. age. hours spent inside the home, and whether there were any low-
Iving mirrors mside the home to which the dog may have had nccess (detmls are hsted m
Table 1). Poohing water and windows were not considered duc to the varying quality of those
reflective surfaces, In all, 22 dogs had likely had exposure to mirrors in the home, Most dogs
(7= 41) spent at least 12 b per day inside the house, with the other six spending 6 h or less
mdoors. All dogs were reported to spend at least | h per day mside the family home. Eleven
of the dogs had previously participated in a murror study (Howell et al,, 201 1) run in the same
rescarch laboratory approxmatcly 18 months prior to data collection on the current study,
During this previous study the dogs had only a few mmnutes’ exposure to the mrror and
received no remforcement for attending 10 11, 5o this was not expected to affect their
performance m the current study. Of these 11 dogs, four were in the experimental group and
scven were m the control group (described below),
Materials

Dogs and owners entered a waiting room within the laboratory suste together and
given a bricf explanation by the experimenter of what to expect regarding the amount of time
the session would take, instruchions for how to behave i the different phases of the study,
and the purpose of the study. The predictions were not explamed 1o the owners until after the
session ended. Then they were led into the testing room for a 10 mmute exposure phase. In
total, dogs spent approximately 20-30 minutes m the laboratory suite, of which 13 mmutes
were m the testing room. Although Broom et al. (2009) had a 5 hour exposure period m thewr

g study. 5 hours of exposure was not feasible for a large number of dogs whose owners
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were required to be present throughout the session. Personal communication with Broom (14
July 2011) nlso suggested that a shorter period of exposure was hikely to be sufficient.

The testing room set up was based on Broom et al. (2009), and contained a Im tall x
1.5 m wide freestanding mirror, positioned on the floor. The centre of the mirror was attached
1oa 1.5 m tall x 1.5 m wide opague barner at a 90° angle to the marror, also pesitioned on the
floor (see Figure 1). There was a space of 9 cm separating the barner from the mirror, which
was covered with transparent hard plastic. This permitted the dogs to see the reflection of the
arca on the other side of the barrier, but not to move between the barrier and the mirror. The
floor of the room was marked with masking tape to divide the room into four different arcas,
mcluding the area nearest the door, the area behind the mirror, the area where the treat would
be Jocated, and the arca where the dog would begin the testing phase, as shown m Figure 1.
There were dog treats (You'll Love Coles brand beef hiver strips, Coles, Glen Ins, Victoria,
Australia) placed in five different and maccessible locations throughout the room, and two
fans m the room were employed to disperse the scent of the trents, thus making it more
difficult for the dog to localize the scent of the target treat used durmg the testing condition,
The hidden treats were identical in size and type to the target trent
Procedure

Exposure Phase

During the first minute of the exposure phase, the owner and experimenter stood
agminst a wall in the Iaboratory and ignored the dog. The dog was permitted to explore the
room and was not given any instructions. Afler the first minute, the owner und expermenter
walked around the room slowly. There was no set pattern required for ths movement, but the
owner was instructed to approach cvery part of the room sceveral times. Broom et al. (2009)
kept two pigs in the testing room during the exposure period of their study, and watching the

movement of the other pig i the mirror may have helped each pig learn how a mirror works.
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Since the dogs m our study hive i human homes, we believed that they would be more likely
attend 1o their owner m o mirror than a conspeaific; therefore, the owner was asked to move
around the room s0 that the dog could sec his or her movements in the mirror. A blanket was
lving on a countertop running alongside the edge of Arca 4.
Assoclation Phase

After the 10 minute exposure phase, the expermenter, owner, and dog returned to the
waiting room m the laboratory suite. Duning this time, the experimenter played a game with
the dog to teach the dog to sssociate u blue bowl with treats. Several small picces of liver
treat, sdentical to the target treat, were placed i the dog bowl and given to the dog, one at a
ume. After four or five repetitions of handing the bow| directly to the dog, the owner then
held the dog by the collar while the experimenter placed the bow] around a corner of the lab,
just out of view of the dog. The dog was relcased by the owner and permatted to find the
bowl; when the dogs approached the bow | quickly once they saw it at least three times o
row, they were deemed to have made the assocmtion between the bowl and the dog treats,
Most dogs (n = 39) made the association m under 10 total trials; however, five dogs took
between 10 and 20 trials, and onc dog took 24 trials. Two dogs refused to cat the treats when
they were offered by the experimenter, Since they appeared to lack motivation for the food,
the sesswon was termmated for these two dogs, and data from the exposure phase were
excluded from analysis, The total number of dogs who participated in the testing phase was
48,

Testing Phase

After the nssociation between the bow! and the treats was confirmed, the experimenter
put a larger picce of fiver treat in the bowl, showed the treat in the bowl to the dog, and went
mside the testing room for the testing phase, The baited bowl was placed behind the barrier,

but visible in the mirror, before the owner was mstructed to lead the dog into the room by the
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collar. The owner wus asked to lead the dog to a location in front of the mirror, on an ‘x’
marked on the floor, which was approxmmately 60 cm from the mrror and was positioned at a
good angle 1o sce the food bow! in the mirror. The owner asked the dog to *sit” and *stay’,
and the owner and experimenter stood in the same location sgamst the wall where they had
been during the first minute of the exposure phase; from this position, the owner could only
see the treat via the marror. The owner verbally released the dog from the “sit’ command, and
the dog was given 3 minutes to find the treat. Owners encouraged the dog to find the reat
using verbal commands such as “where’s the treat?” and “find it!", but were instructed not to
point to the location of the food. One owner pomted four times, even after being remmded by
the experimenter not to pomt. Data from this dog were excluded from analysis. The total
number of dogs incleded in analysis was 44, Dogs who did not find the treat within the
allocated 3 mmute period were shown the location of the treat in order to reward the dog for
participation, regardless of whether or not it found the treat on 1ts own. All dogs rapidly
appronched the bowl and ate the treat when they located it, esther when they duiscovered it on
their own within the 3 minute period, or when they did not find it on thewr own and were
shown its location,

Half of the dogs (n = 22) were able to see the mirror during the testing phase and
made up the experimental group. the other half (n = 22) constituting a centrol group m which
the mirror was covered by a blanket prior to the dog and owner entering the room for the
testing phasc. In the control group, the exposure phase and association game were identical to
that described above, but the experimenter covered the mirror when she took the bow! of food
wto the testing room to hide it behund the barner before the testing phase. The owner was stll
wstructed to place the dog on the *x" on the floor in front of the mirror, and the dog was
given 3 minutes to find the treat with verbal encouragement from the owner and

experimenter. The only difference was that the treat was not visible m the mirror for the
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control dogs. Participation  the experimental or control group was pseudo-randomized such
that there would be equal numbers in cach group. Dogs recerved a treat for participation, and
owners were offered a candy bar. Water was available for the dogs ad libitum throughout the
sessi0n.
Analysis

For all dogs. video data were recorded for the exposure phase and the testing
condition using FLIP Mino Pocket-Sized High Definttion Camcorders (Cisco Systems, San
Jose, California, USA) and CMS 3.6.0 Closed Circunt Television software (Shenzhen Winbo
Dagital Co, Ltd, Guangdong, China), All statistical analyses were performed using IBM
PASW Statsstscs 18 (International Business Machines Corp., Armonk, New York, USA). For
the first minute of the exposure phase, we measured the frequency of the dog’s presence in
cach of the four arcas of the room. Video data were coded using a S-sccond partial interval
recordmg procedure, whereby o dog was noted as having been in an area of the dog's head
was present in that area o1 any tme during each 5-sccond perrod. This was necessary because
dogs were able 10 move rapidly throughout the room, and could casily (and sometimes did)
move through all four arcas within 5§ seconds. Much relevant data would have been lost had
we not used a partial interval recording. We coded the presence of the head instead of the
entire body because the dogs often straddled 1wo areas: i order to avoid confusion when
coding data, only the presence of the head was considered. Videos from 15 dogs were coded
both by the expermmenter and by a naive observer to measure inter-rater relinbility.
Agreement was 85%, and Pearson’s correlation between the two ratery {or presence i areas
1-4 were 0981 (P < 0.001), 0,567 (F = 0.028), 0,989 (F < 0,001), and 0.99 (F < 0,001)
respectively, The relatively low correlation in arca 2 was duc to one dog that straddled arca |

and 2 for much of the codmg period, and whose actual placement was difficult to determine
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on the video. When correlations were analyzed without this dog, Pearson’s correlation for
aren 2 became 0.891 (P < .001).

In order to determine whether dogs in the experimental group had an inherent
preference for any part of the room compared to the control group, we analvzed the presence
of the dog in each area of the room during the first mmute of the exposure phase. Video data
from three dogs (one control and two experimental) were lost due to technical difficulties
with the comera system. Therefore, video data from the remaining 41 dogs were analyzed, An
mdependent samples, paired -1est wis conducted to compare the frequency of time spent in
cach area for the control and expermmental groups, Only the first mnute was analyzed
because, during the remaming niae minutes, the owner and expermmenter were moving
around the room. This would have likely affected the dog’s natural movements, since they
would be more mclined to follow their owner.

During the testing phase, we tallied whether or not each dog was able 10 locate the
treat within the 3 mmute penod, and a Chi-square test for mdependence with Yates
Continuty Correction was used to analyze whether dogs in either the experimental or control
group were more likely to find the treat. Latency to find the treat was also analyzed, afier
being converted from raw time taken (1n seconds) into a percentage of the total ime allotted
m the testing phase (1.e. 180 seconds). For example. i a dog which took 27 seconds 1o find
the treat, this time was converted to (.15 (as 27 seconds 15 15% of 180 seconds) for analysis.
Differences i latency to find the treat between groups were analyzed using independent
samples, parred f-tests,

Results

There was no significant difference in the frequency of the dogs’ presence in cach

area between groups during the exposure phase.
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During the testing phase, of the dogs i the experimental group, 17 (77%) were able
1o find the treat withm the 3 manute time frame. Of the control dogs, nine (41%) found the
treat within 3 minutes (sec Table 1). Dogs in the experimental group were more likely to find
the treat than those in the control group, z° (1, m = 44) = 4.601, P= 0,032

Dogs m the expermmental group (M = 0.396, SD = 0.371) also found the treat
significantly faster than dogs in the control group (M = 0,677, 8D = 0.410), 7 (42) = -2.386, P
< 0.022 (two-tailed). However, subsequent Intency unalysis that only included dogs that
found the treat withm the 3 minute time frame revealed no significant differences in latency
10 find the treat between the expermmental group (n = 17, M = 0,218, SD = 0.182) and control
group (n =9, M= 0210, 5D = 0.162), 1 (24) = 0.106, P = 0.917 (two-tailed).

Discussion

The am in this study was to determine whether dogs could use a mirror to find hidden
food. after bemg exposed 1o an experimental setup containing a muror for 10 minutes. We
hypothesized that dogs which could sce the hidden food in the mirror would be more likely 10
find the food than dogs which could not sce the food through the mirror. Our results arc
consistent with this prediction ond suggest that dogs are nble 1o use a marror to find hidden
food, even with minimal prior exposure to the mirror. In the same environment, when dogs
did not have access to the visual cucs provided m the mirror, they were significantly less
hikely to find a hidden treat withm a 3 minute period. This was not duc 10 a pre-test
preference for one part of the room over another when comparing the experimental group and
the control group, so 1t s probable that the dogs i the expermental group did mdeed vse the
mirror 1o locate the food, The ability 1o use n mirror as a problem -solving tool has not
previously been demonstrated in this species (but see Howell & Bennett 2011 for potential
evidence of such a skill), and our results therefore add further information to the growmg

body of knowledge about the general problem-solving abilitses of domestic dogs.
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There are very few studies mvolving dogs' reactions to  mirror, but Howell &
Bennett (2011) recently explored whether dogs could use u mirror to find their owner holding
the dog’s favorite toy. The results were different from the ones we report in the current study,
with only two of 40 dogs appcaring to understand that thewr owner was behind them.
However, this previous study only meluded 2 mmutes of exposure to the room prior to the
test condition, and the owner was not asked 10 spend tme m the room with the dog and
mirror prior to the test. This difference i methodology may explam the mconsistent findings.
Perhaps if the dogs in Howell & Bennett (2011) had been given more time to andjust to the
room’'s setup, and more experience nl observing thew owner i the mirror, they would have
been more successful,

Despite the paucity of previous rescarch exploring mirror use by dogs, this study s
consistent with others which suggest that vanous anmals can use mirrors to solve problems.
The ability to use n mirror as o problem-solving tool s not limited only 1o closely related
mammals, such as primates, since pigs (Broom et al, 2009) and birds (Epstein et al., 1981)
have also demonstrated this ability. Thus it follows that dogs should be able to learn what
mirror represents, being phylogenctically more closely related to pigs and monkeys than
birds, although this may represent a case of cognitive convergence in birds. Indeed, cognitive
convergence may account for the possibility that dolphins (Reiss et al.. 2001 ) and Asian
clephants (Plotnik ct al,, 2006) exhibit mirror sclf-recognition, a possible measure of self-
awarencss in animals, which otherwise tends to cluster within the great ape family
(Suddendorf et al,, 2009).

Dogs were required to detour around the barrser in order 10 find the hidden food.
During the exposure phasc, the owner and experimenter walked hehind the barrier several
times, and the dog often followed. The ability to detour around barriers  order to obtain a

treat has been previously studied m dogs. and results of these studies indscate that dogs are
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able to learn how to detour the barrier by watching humans (Pongracz ¢t al,, 2001; Pongracz
ctal., 2003; Pongracz et al.. 2005). While the dogs n this study were not specifically tramed
1o detour the barricr, the owner's presence in arca 3 duning the exposure phase wsually
encouraged the dogs to come into arca 3 as well, suggesting that they had ample opportunitics
10 learn how to approach area 3 through observation.

A lmutation 1o this study 1s the possibility that the blanket which was used 1o cover
the mirror for the control condition created n distrnction in its novelty. The dogs were not
previously exposcd 10 the mirror covered by the blanket, and the sudden appearance of this
new item over the mirror may have been sufficient 10 make the dogs in the control group
forget about the treal. We think this 1s improbable, because even though the blanket was not
covering the mirror during the exposure phase for cither group, it was present in the room
during this time, lymg on a counter along the edge of the room (in arca 4). That nine control
dogs found the treat regardless of the blanket also suggests this 1 unlikely.

Many of the dogs m the control group did not find the treat within the three minute
testing phase. It is possible that the dispersal of the treat scent throughout the room, via the
hidden and inaccessible treats placed all over the room and the usc of the fans, made »
mipossible for dogs to smell the treat. However, in many cases, the dogs m the control group
who did find the treat appeared 10 sniff the floor unul they were able to locate the treat.
Perhaps they were following the scent trail left by the experimenter when the treat was placed
m the room, or were searching for any of the hadden treats using odor cues.

This 1s an important possibility as, although it s heavily relied upon by humans in
police and quarantine work (Browne et al, 2006), the dog’s sense of smell remains poorly
understood (Walker et al., 2006). Whether some dogs could discern the most recent scent trml
Icft by the experimenter, even among the numcrous other scent trails left by the same

experimenter during the previous exposure phase, 1s unknown.
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In trymng to explam why nine dogs in the control condition were able to locate the
treat s quickly as those 17 dogs m the expermmental group who did so, we also considered
whether the owner or experimenter may have been providing subtle cucs, perhaps by gazing
m the direction of the treat or making other mdications of its whereabouts. We did not
observe such behavior during the study but, unfortunately, we were not able 10 examine the
videos of the study post hoc 1o mvestigate this possibility as the cameras were focused on the
dog rather than the owner. However, because ot is well established that dogs are extremely
sensitive to subtle non-verbal cues from humans, including cye-gaze (Gacsi et al., 2004), 1t
will be mportant to confirm our results using an expermment design in which there are no
humans visible to the dog during the test phase. Because the owners knew the purpose of the
study and were present in the room, it 15 possible that Clever Hans cffects increased the
hkelihood that the dogs would find the treat, We believe this 1s unhkely, because the owners
of dogs m both the control and experimental group were all present in the room and aware of
the study’s purpose, but dogs in the expermental group were still more hkely 1o find the treat
than dogs in the control group, If Clever Hans effects were present, there should not have
been a difference in the likelihood to find the treat between groups, as the stated goal for
mdividuals in both groups was always to find the treat. A final interpretation of these findings
s that some dogs, irespective of scent or visual cues. may be more highly motivated and/or
have greater capacity to recall that a treat has been placed i a room for them to find, Future
rescarch that explores how long certain breeds or individuals are capable of retaming this son

of information will hkely shed further light on this ssue,

Conclusion

Pet dogs in our study appear 10 have used a mirror as o 100l to locate hidden food.
This is the first study, to our knowledge, which demonstrates the ability to use a mirror as a

problem solving tool m a large group of dogs. Further research 1s needed to examine the
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conditions under which dogs are successful or not in using the mirror a4 4 tool, as our mitial
design left several mportant questions unanswered. Mirror studies may, however, be a good
mechanism for understanding when dogs use scent cues and when they rely on visual cucs,
This information would help rescarchers understand the extent of dogs® cognitive abilitics 1n
non-cooperative or non-socml tasks, which is increasing but suill less common than research
explormg social cogmtive skalls m dogs.
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Table 1

Demographic data for the 44 dogs used w analysis, mcludimg the amount of time spent inside
the home and hikelhhood of previous exposure to mirrors, Whether cach dog found the treat,
and latency to find the treat, arc also Iisted. *Videa data of the first minute of the exposure
period was lost for three dogs. so they were excluded from that analysis. "Indicates dogs who

participated m a previous marror study m the same laboratory.

Figurc |

Schematic of the laboratory suite. Owners and dogs were received in the waiting room before
being taken mto the expermental room for the exposure phase. After a 10 minute exposure
phase, the owner, dog, and experimenter returned to the waiting room to commence the
association game. Then, the owner, dog, and experimenter re-entered the experimental room
for the expenimental condition. Dotted hines indicate masking tape markings on the floor. The
stars represent hidden treats, placed above the dog's reach (approxmmately 2m off the ground)

and out of view,
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Table 1

CONTROL GROUP

Hrs Prior mirror  Found  Latemcy

Age Rread Sax Inside expuosure treat (see)
v "Rotrw etler F 1 Y N -
Ty kelpie M 15 N Y 1o
oy "L ahirador retriever M 2 N N
dy "Labrador retriever x M » N N
Iy "Maliese x shibstzn M 10 N N
by Lhnss apeo X poodie M 2 N N
2y poodic x M 1 Y N -

18m pug x Jack Russell tervier M 2 Y N
2y Border collie M 12 Y N -
3y kelpie x F 12 N Y 16
Ay papilion x M (R Y N
dy pog x Tack Russell termier F 2 Y N -
iy Cairn termier F 6 N Y 70
2y Staffordabice terrier 3 23 N Y 0
Sy "Leonberger F 23 Y N
3y Chinese crested M b 24 N N -
Sy Bovder collie x belpie F M | Y Y 16
4y Jack Russcl) terrier x M 14 Y Y 13
iy Labrador retricver M 23 N Y 27
Sy *"Terrher x Y] 18 Y N
3y Labrador retriever x poodie M 5 Y 3 4 o
sy *TLabrador retriever M 2 X Y 25

EXFERIMENTAL GROUYP

Hrs Prior mirror  Feund  Lutency

Age  Breed Sex inside exposure treat (sec)
%y Aunstralian shepherd F I N Y 23
Ty Jack Ruvael] torrier x fox tervler P 2 N Y 20
% bearded collie P 12 N N -
1oy kelpie F 2 Y N -
Sy 1oy pondie 13 2 N Y o0
Sy Shibstzs x poodie F 2 N 3 1 10
sy Germmn shepberd x kelpee F 20 Y Y %

22m Labiador retrievey P 12 N Y 4
Sy Cavaber King Charles spaniel x poodle M s Y N -
Sy pog M 15 Y N
2y Lagoto romu pnolo F 2 Y Y %
3y Muoktese x poodie F i Y Y 31
oy Muohese F 23 N N -
Iy "Wes Highland serrier M " N Y o

20m Horder collie F 2 Y Y 28
12y "Staffordshice terrier M 14 N Y 27
Iy Samoyed F 12 N Y 84
Sy Golden retviever 1 poodic M 23 N Y 7
Ty "Breed type unkmown F hE} N Y he |
3y "Roww esler M 16 Y Y 120

2im Chinese crested M 22 N Y 65
2y *Chrent Dane M 1% 2 § Y 29

112



Figure 1
Chick hera 1o download high resolution image

aread area 3 areal
*
» 3 z
* : owner and *
experimenter
experimental :
o area2
door
Ql
8
waiting room

113



5.3 Discussion

The aim of this behavioural experiment was to determine whether dogs could find food
hidden behind a barrier but visible in a mirror. The study described here followed on from the
results that were difficult to interpret in the paper from Chapter 4. Methodological differences
did appear to redress this problem somewhat. For instance, the dogs were given a longer time
to adjust to the room and learn how the mirror works, and they were tested for motivation to
find the treat before the testing session commenced. They were also able to approach and

obtain the treat once they located it in the mirror.

The results were still somewhat ambiguous. A key finding to emerge from this study was that
the dogs exposed to a mirror were more frequently able to find the treat than the control
group dogs, which could not see the treat due to a blanket covering the mirror. However,
when analysing latency to find the treat using only the dogs in both groups which managed to
find the treat within the three minute window, there was no significant difference between
groups in the amount of time it took to find the treat. This is of concern because it could mean
that it was not the mirror at all, but some spurious variable, such as a Clever Hans effect (an
animal’s ability to read involuntary, unconscious cues given by humans which encourage the
animal to behave in a desired way), which made the difference between whether the dogs
could find the treat or not. Clever Hans effects are unlikely because the owners were not
made aware of the predictions until after the session ended. However, these possibilities
cannot be completely ruled out because owners may have realised the predictions even
without being told. Therefore, they (or the experimenter) may have provided involuntary cues
indicating preferred behaviours. A scenario in which everyone present is blind to the
condition would be ideal, but difficult with this set-up. Instead, covering the heads of the
humans would not permit them to view the dog’s behaviour, and would therefore help reduce

the possibility of Clever Hans effects.
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Notwithstanding potential limitations of this study, the research contributes to the growing
understanding of dog cognitive abilities, especially in less-explored domains like problem-
solving and mirror use. The studies reported in Chapters 4 and 5 constitute another step in
developing a deeper comprehension of how dogs perceive the world around them. They also
provide insights into how dogs use tools to solve problems such as finding food. Dogs appear
to be able to use mirrors as a problem-solving tool, like other animals which are both
phylogenetically similar to (Broom et al. 2009) and different from (Eglash & Snowdon 1983;

Itakura 1987) dogs.

The problem of interpretation is common in behavioural research (Hare et al. 2010; lkeda &
Matsumoto 2007). It is a rare study indeed that can control for every potential spurious
variable and determine unequivocally that the subjects behaved a particular way solely due to
the experimental setup. Instead, a cumulative process is followed, with each study building
on those before it. Currently, the most common way to evaluate the appropriateness of a
particular method is to attempt to replicate it (see Miklosi 2008; Miklosi & Soproni 2006), or
to use a different paradigm to study the same cognitive domain (e.g. Collier-Baker et al.
2004; Pattison et al. 2010). This can be time-consuming, and resources may not always be
available for replication by the same or other groups. Therefore, another complementary
technique that measures a different aspect of cognitive processing, such as
neurophysiological measures like EEG, could work in tandem with behavioural research to

assist researchers in interpreting how dogs process information.
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CHAPTER 6 - DEVELOPING A MEASURE OF DOG COGNITIVE
PROCESSING USING ELECTROENCEPHALOGRAPHY (EEG)

The behavioural research in Chapters 4 and 5 examining whether dogs can use mirrors as a
tool did not provide unambiguous results. Several changes incorporated into the research
design in Chapter 5 were believed to address the problems highlighted in Chapter 4. The
exposure to the mirror setup was lengthened, the treat was made fully accessible in the testing
condition, and tests were conducted to confirm that the dogs were motivated to find the treat.
Nonetheless, it was impossible to establish definitively whether dogs were able to use mirrors
as a problem-solving tool because of potential limitations in the research designs of both
studies. Therefore, it was important to determine whether there was another way to measure
cognitive processing in dogs that did not rely solely on behaviour or people’s perceptions of

dog cognitive abilities.

Chapter 2 described mismatch negativity (MMN), which is an event-related potential (ERP)
or a brain waveform elicited after exposure to a stimulus, that can be measured using
electroencephalography (EEG). MMN is observed after exposure to a novel stimulus in a
series of expected stimuli, and it has the potential to provide information about how dogs
process information, particularly in discrimination tasks. Minimally-invasive EEG methods,
involving the use of small, subdermal needle electrodes placed just underneath the skin, have
been previously used in the context of hearing loss research with dogs (Ahlstrom et al. 2005).
This technique could be useful when working with companion dogs, as it does not require
extensive training and does not use invasive methods that would not be possible with pets,
which are widely viewed as members of the family (Kubinyi et al. 2009). The aim of this
study was to adapt this minimally-invasive method to measure MMN in dogs without the use
of sedation or anaesthesia.
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The journal article, ‘Development of a minimally-invasive protocol for recording mismatch
negativity (MMN) in the dog (Canis familiaris) using electroencephalography (EEG)’ was
published in Journal of Neuroscience Methods in 2011. It describes the development of the
technique and its use in a pilot study with one dog, Jaffa. This is the first illustration of MMN

in a dog.
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1. Introduction

Dog cognition research has expesienced an abrupt revival in the
past decade (Wynne, 2009)

Currently, 3 dog's behaviour is the only mechaniom for estab-
lshing whether a dog has the e ca o petfoom a given

o »

MMN has been implicated in language 'mtnm n h-mm. and
research examining MMN bas been dinA

(mamnuLzoonnmbeMummmum
explicicly focused an the tones, and Is believed to be related to an
automatic switch of attenon from pre-attentive schelc sensory
memory (Nastanen et al, 2007) Because the MMN wavelform s

task but, In some sitvations, bebaviour may be confounded by
other factors, such a5 obedience training. motvation levels, and
prior expenences. A tool that mdexes dogs” cogmitive sbilsties m
the absence of 4 behavioural respome is needed lnnovation n
the wse of EEG might allow researchers to answet some important
guestions that are currently unresolved.

Within an EEG. an event-related potential (ERP) measures a

change in brain y after 10 & stimulus (Lack, 2005),
The NAIN petential is a aegative- going comgp of the ERP wave-
form that is observable after exp 10 an unexpected stimelus

(Luck, 2005) 1n snditory paradigms, when embedded in a seoies of
identical tomes, & movel tone of different pitch, volume, daration, or
some other stimulus property, may ehict this waveform, in addition
to anditory research, MMN can be elicited by stimull that evoke 4
response from visual and olfactory seases (Naatanen et al, 2007),

* Conrrsgending st st Sl af Pupctial gy scst Pupctuatry, Missah Sevwes -
Wiy alding 1T Welllogten Saad. Claptas, VIC 1080 Astdalie
Tal o8] 20008 1710, Lak 41 1 SN0 Yo
Fomud sl (AT how e @uanaili sty (T ol |

000 AT IO - yer frame mmamer © JUY | Elseveer 8 V. All mgiey reserved.
o 101G reummet o) 1.0% 403

dered to reflect igher-order cognitiee processing related
memaory, but does not require focused astention, it coudd be partic-
ularly useful in discrimina thon tasks with dogs.

MMN has beon demonstrated in cats (Pincee et al, 2001 ), vats
(Ruusuvirts et ol 1998) and monkeys (Javitt et ol 1590). ofl of
which show MMN respoases 1o deviant stimudl. MMN has not been
teported in dogs, alkhough 4 study of ten 15 week old puppies
did report an ERP respomse (Adams ot al, 1967) This wuggests
that dogs may exhibit MMN IRFs which would give dog cog-
nitlon researchers a mechanism other than behavioural response
for studying stimolus disceimination in dogs. However, the study
by Adams ot al (1987) was conducted while the puppies were

dated. This is problematic for dog cogaition rescarch, as are the
invasive procedures used previsusly s other animal species, These
have incladed resection of skull partioas (Javatt et al, 1996), andjor
placement of electrodes on the d-u mater (Pincze et al, 2001)

techaigues are fos dog research for

wo reasons. Fisst, anaesthesia or sedation a nadvisable, since
these can affect cogmitive processing of the stimuus (Koelsch et al,,
2006). Second, there i gerersl Apnmunm rosvarchers m:
this type of research should be non P
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This i In accordance with National Research Council policies on
anmmal use in research (Guide for the care and use of laboratory
anmmals, 2011) and also reflects the fact that rescarchers in dog
cognition often work with pet dogs, recruited from the commu.
nity. Many dog owners consider their pets to be members of the
famuly (Miklosi, 2008) and access to these amimals requires that
the dogs leave the study ares in the same physical and affective
states as when they aerived. risking even muld pain or distress is
unacceptable. In order to be 2 viable method for stedying cogni-
tive processing in dogy, ERP rescarch needs to be conducted with
the same level of concern for the subject as is the case in human
research: bemg nom- or mmimally-mvasive and painless, This is
made difficolt by the fact that dogs have much more hair cover-
Ing their scalps tham do humans, and 4 thick skin that raises the
impedance level to more than 50 k{2

Although some EEG research with animals has employed tra-
ditional, invasive, methods, other stedies have tried to adapt less
Invasive methods for use In dogs (Greene et al, 1992) One recent
study from the field of epilepsy research, for example, Almed to
standardise placement of small, subdermal needle electrodes in
dogs with different shaped heads (Pellegrino and Sica, 2004) Sub-
dermal needle electrodes are very small, approximately 10-15mm
in bemgth, with 4 27-30 gauge width: this makes them comparable
in diameter to acupuncture necdles (Ceniceros and Brown, 1998)
The needies are imserted subcutancomly and do pot need 1o pen-
etrate the skull or mascle underneath the skin Once underseath
the skin, the impedance level drops from moce than 50 KE2 10 less
tham 5 k2, enabling accurate EEGC wecording In an earlier study
using subdermal needie electrodes i dogs, the electrodes were
placed under the dog's skin while the dog was under snaesthesia
(Greene et 4l 1992) remaining in place throughout the duration
of the recording and easily removed upon completion. Insertion
of fine needies such as this should sot be associated with paim or
distress, making this technique a suitable candidate for use i non-
sedated pet dogy, The aim of the current study was to develop a
method for recording endogenous ERPs. such as MMN. from dogs
using this minimally-iavasive technigee and without the use of any
anaesthesia or pharmaceutical sedation.

2. Methods

This pilot study was approved by Monash University School of
Psychology and Psychiatry Animal Erhics Committee: 2010/01-51,

2.1, Purticipant

Our pllot subject was an 8 year old female Australun Shepherd,
named Jaffa. The dog was recruited through word-of-mouth and
selected on the basss of owner reports that she would relax quackly
in movel eavironments, be obedient to owner commands of ‘it and
‘slay” for up to 10 min, and not be dustressed when seedles were
inserted under the skin. Observations of the dog's bebaviour both
before and during the testing phase indicated that she could hear
the auditory stimult

22 Malerial

Testing was performed in 4 sound-attensated Lboratory at
Monash University, Clayton Campus. Viasys Healthcare Disposable
Rapid-Pull 12 mm Subdermal Needle Electrodes with 2.5 m cable
(San Diego, CA, USA) were attached 10 a wire conpecting the EEG
amplifier. These electrodes are 27 gauge needles made of staln-
less steel A high-grade D)C amplifier, Compumedics Newroscan
Synamps® 70-chansel (Charfotte, NC. USA)L was used to record
the dog's EEG, Stimuli were presented using Compumedics Neu-
roscan Stim2 (Charlotte, NC, USA) and the EEG was recorded using

Compumedics Neovroscan Scan 4.5 (Chardotte, NC, USA). Data were
analysed using Compumedics Neuroscan Scan 4.5 and MS Excel,

23 Pecedine

231. Relaxation protecel

When the owner and dog arrived at the laberatory, the dog's
collar and leash were removed, and the animal permitted to meet
the experimenters and explore the laboratory uatil she appeared
ready to settle on o dog bed pext to the EEG amplifier. Although
pharmaceutical sedation was wnnecessary to obtain am accurate
EEG recording. it was important that the animal be very relaxed
Therefore, the owner remained present at all times and full relax.
ation ook approximasely 40 min. This was determined based on
behaviour; Jafta was deemed relaxed and ready for electrode place-
ment when she by on the bed, with her head on the floor and eyes
closed, for approximately 5 min withost attempting 1o keave the

bed, changing position, or fidgeting,

232, Needle electrode placement

When the dog was fully relaxed. clectrode placement com-
menced. The recording electrode was placed at Cz, on the midline
50% of the distance from the stop (the indentation of the booe
between the cyes) to the external occipital protuberance. This was
selected becanse human studies often show a lerge MMN response
At midhne sites (Luck, 2005), and it s simple to idennfy, requiriag
measurement of the distance between two easily visible paints on
the animal's bead. In humans, C2 cormesponds to the central sul-
cuy; s is analogous 1o the canime cruciate sulcus which is located
rostral to our Cz placement in dogs (Pellegrine and Sica, 2004)
Since MMN can be recorded throughout midline sites i humans,
we anticipated that it would be possible to accurately record MMN
on the midline in 2 dog even though the corresponding areas of the
brain may differ somewhat.

Becawse EEG measureselectrical impulses ocourring in the brain,
4 reference electrode s necessary to compare electrical activity
in the brain to another part of the body. It is important that the
reference site has as litthe electnical activity as possibile, and the
mastosd or carfobe is commonly used in human research (Luck,
2005) Because the dogs” head has muscles throughout the mastosd
and skuldl (Smith, 1999 this placement was expected o produce
too mech muscular interference on the EEG recording, Therefore, 3
midiine site was chosen on our pilot subject’s neck, 100% of the dis-
tance from the stop to the external occipital protuberance, starting
from Cz.

A third clectrode was necessary to close the clectrical loop
within the dog's body 1o reduce electral interference from out-
side the body. This groond clectrode was placed at 0z, which &
10% of the distance from the stop to the external occipital protu-
berance, rostral to the external occipital protuberance. Therefore,
i this dog, the recording electrode was placed at C2, 6cm behind
the stop, the reference was placed 12 cm behind Cz on the peck
midline, and the ground was placed 1.2 cm rostral to the external
occipital protuberance. These three electrodes were the minimum
required to record EEG using the Synamps® system, See Fig, | for
Wlustration of the placement.

The needle electrodes were imserted underneath the skin and
were secured with surgical tape. At no time did the dog show
any signs of pain or disteess upon Insection; in fact she gave no
Behavioural indscation that she had even noticed thelr imsertion at
all. Once the recording was complete, the tape and electrodes were
removed and disposed of.

233 Somulus presentation
Once the animal was fitted with the three needie electiodes,
an auditory oddball paradigm was tem using S0 ms tones, The
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mter-stimulus imterval was 2 s The standard tone was 500 Hz with
# probability of %0%, and the deviant tone was 1kHz with a 10%
probability. Each tone comprises a trial, and a total of 209 trials were
recorded over the course of approximately 8 min. Duning this pre-
sentation, the dog's EEG was recorded in & continuous D/C format
(A/D sample rate: 500; range: +200 mV; Accuracy: 29.80 oV/LSB;
low pass: 100 Hz; high pass: 0,10 M2, Notch frequescy: 50 Hz: 500
sweeps per second)

234 Anglysis

Analyses were conducted using Compumedics Neuroscan Scan
A5 Software, The continsous EEG file was Bitered (analogue sim
wlation; bow pass: 3O Mz, 6dB/oct) and epochs were created lor
waveforms occurring between — 100 ms and 500 ms of the stimulus.
A baseline corvection was performed, as was an artifact rojec-
son in which any epochs with amplitudes higher than 100 pV
were excluded from analysis. Epochs ocowrring around the stan-
dard tones were averaged separately from epochs occurring around
the deviant tones

1 Results

Preliminary data from this paradigm are presented in Fig, 2
Averaged responses to the standard tones (188 triaks included) and
the devient tones (21 triaks included) are reported. There s notice-
ably higher amplitude of the negative wave after the deviaat tone
when compared to the standard tone, at approximately 180 ms. To
our knowledge, these dats are the fiest to suggest the presence of an
MMN-like waveform in a dog using minimally-invasive recording
procedures and no sedation or ansesthesia importantly, the proce-
dure was sach that neither fulla noc her owner appeared negatively
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affecred by their involvement Indeed they appeared to enjoy the
outing, the owner offering to return to the lboratory for further
testing should this be required. Stadies are therefore underway
1o determine whether this result is celiable over time and across
different dogs.

4. Future directions in dog cognition research

Owr prelmminary findings suggest that the MMN ERP, or its
species-specific analogue, can be demonstrated in dogs. This rep
resents the first electropbysiological meassrement of cognitive
processing in dogs, petentially providing a new way to understand
the brain processes that underlie dog cognitive abilities. We can
not be sure that the dog MMN waveform is completely analogous
to human MMN. Sovrce localization is impossible with this method
gives the small nusmber of electrodes used lor rocording the EEG,
Notwithstanding these limitations, if an MMN-like waveform can
be elicited during the same experimental situations as those used to
elicit MMN in humans, this would support the case for a functional
dog MMN analogue for use in stimulus discrimination studses,
Future research that develops this method will give rescarchers
A means of examining the neveal underpinnings of both observable
behaviours and their absence. which might provide nsights mto
why dogs sometimes fail to respond to stimuhi as expected,

I a discoimination task, the prodection of an MMN respoase o
4 stimulus lkely means that the subject has recognised that there
is something unique or special about that stimulus that makes it
noticeable, even if only for a few hundred milliseconds, regarndlesy
of whether there is 2 behavioural response, These dats may there-
fore provide important insights regarding cognitive processing in
dogs. without sole reliance on behavioural responses to stimuli,
Furthermore, in cases where there is an MMN response but not a
behavioural one, researchers may be able to explore why the dog
chose not to respond behaviourally, #nd try 1o improve the study
such that the dog will provide 4 reliable bebavioural response to
all descriminated stimull. This would be especally helplul in scent
detection tasks, because dogs” sense of smell is s0 superior to that
of 4 human (Miklost 2008) that researchers studying scenting
abilities in dogs cannot use thelr own senses o help guide thelr
understanding of dogs” abilities,

Developmental studies with MMN could also help rescarchery
understand how cognitive processimg changes both as the dog
matures into adulthood and as the dog experiences cognitive
dechine associated with old age. The cognitive effects of canine
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cognitive dysfunction, similar to dementia in humans, could be
studied using MMN rescarch methods. Dogs are used as mod-
cls of human Alzheimer's Disease research (Head et al, 1995)
o this method could give rescarchers anather tool for under.
standing the relatioaship between canine cognitive dysfunction
and human Alzheimer's Disease. Breed differences in cagmitive
processing could also be examined, Secause MMN s assocuted
with languege processing, stedies examining dog comprehension
of human language could also utilise this technique.

5. Conclusion

While behavioural response remains the current gold standard
for measuring cogaitive abilities and cognitive processing in dogs,
technological advances in bebavioural nearoscience have made
available new tools that are unalfected by obedience training lev.
cls, prior experience or subject motwation. To this ead, ERPs such
as MMN, observable m EEC studies after the subject &5 exposed
1o & rare stimulus in the context of commonly ocourring stan-
dard stimuly, offer 4 new method for gaining insights into canine
cognitive abilities. Dur demonstration of an MMN ERP in a dog,
particularly using a minimally invasive indaction protocol, is 4 fiest
step in developing electrophysiological methods in dog cognition
tesearch.
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6.3 Discussion

The aim in this study was to develop a minimally-invasive technique for measuring MMN in
a companion dog without the use of sedation or anaesthesia. This pilot study demonstrated
that, using three subdermal needle electrodes, similar in size to acupuncture needles, it is
possible to record late-occurring ERPs such as MMN. Since MMN is believed to be related to
higher-order cognitive processes such as memory, this technique could be useful in dog
cognition tasks in the future. It is particularly well-suited to discrimination tasks, and could
be used in place of long training periods in visual discrimination of two-dimensional stimuli
(Range et al. 2008). It also could be used in auditory and olfactory discrimination tasks. Scent
discrimination would be especially beneficial in scent detection work, to help handlers
understand whether dogs do not indicate a target scent because they lack motivation or

because they do not discriminate the scent.

The current study measured MMN waveforms during an auditory stimulus paradigm. It
should be theoretically possible to extend this sort of research to visual and olfactory
paradigms; however, there would need to be more studies in all different modalities and with
many different dog populations in order to determine that MMN in dogs is indeed a
functional analogue of human MMN. If a relationship between human and dog MMN is
established, then MMN could be used as a predictor of discrimination in cognitive processing
across various domains and modalities. The first step in advancement of the technique,
therefore, was to establish reliability of the waveform in a group of dogs using an auditory

paradigm similar to the one used in the current study.
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CHAPTER 7 - RELIABILITY OF THE EEG METHOD IN A GROUP

OF DOGS

The technique developed and described in Chapter 6 holds promise for adding a
complementary mechanism for studying cognitive processing in dogs. However, before its
utility could be confirmed, it was necessary to determine the reliability of the method by
testing a larger sample of dogs. This chapter includes the journal article, ‘Auditory stimulus
discrimination recorded in dogs, as indicated by mismatch negativity (MMN)’, published in
Behavioural Processes in 2012. The aim in this study was to test six dogs with this newly
developed technique to confirm reliability in a group of dogs. A secondary aim, by way of
validation, was to further test two dogs in a separate experiment to see if changing the
probability of the unexpected stimulus from 10% to 50% affected the MMN waveform.
MMN research in humans has shown that when the deviant stimulus has a high probability,
the amplitude of the MMN waveform is usually lower (Naatanen et al. 2007). It was

hypothesised that MMN would be attenuated in these two dogs for this experiment.
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7.2 Auditory stimulus discrimination recorded in dogs, as indicated by mismatch

negativity (MMN)
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1. Introduction

Dog cognition research has increased considerably since the
Late 19908 (Wynne, 2009) and, in experimental settings, dogs have
demonstrated evidence of strong social cogaitive skills, such as an
ability ro effectively communicate with humans (Resd, 2000) Addi-
tionally, some dogs can be trained to excel at general cognitive
tasks, such as two-dimensional object discamination (Range et al,
2008) and learning hundreds of woeds (Kaminsk) et al, 2004; Pilley
and Reid, 201 1), In attempting to understand the cognitive abilities
of dogs, researchers have tended to rely on behavioural response
as the means by which to establish the extent of such skifls. While
behavioural response in useful for gauging these abilities in dogs,
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may be inflvenced by spuriows factors, such as motivation or train-
ing bevels, which could confound mterpretation of expenimental
outcomes. That is, in cases where dogs fail to secceed at 3 task, it is
possible that they do not lack the ability to pass the testbut, instead,
lack the desire to do so or an adequate understanding of the sk
requirements. For this reason, a physiological mechansm for mea-
surtog coguitive processing in dogs would be useful to augment
behavioural studies.

Electroencephalography (EEG) has been used extensively to
research brain functioning in healthy, as well as diseased, popula-
tions (Spehlmann, 1981; Basar, 1980) For instance, EEG can be used
to examine spontancous bram activity during sleep versus wake-
fulness (Chai et al, 1997), which helps researchers understand the
effects of disorders Bke sleep apnoca (Sasse et al, 2005). It is also
possible to index the brain's response to 4 particular stimules or
eveat. This type of response is called an event-related potential
{ERP) (Luck, 2005) In human research, ERPs are waveforms which
are related to cognitive processing of stimull, and are measured in
terms of amplitude and latency from stimulus onset (Duscan et al,
200%). Early components, such as the P50 (2 positive deflection
approximately 50 ms after the stimulus) and the N100 (a negative
deflection approximately 100 ms post-stimubus), may represent 4
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reflexive response 1o the stumulus properties, while Later compo-
nents are believed to be related to higher-order processing of the
stimulus (Lack, 2005) One of these, called mismatch negativity
(MMN). is 3 megative deflection with a peak in amplitde occur-
ring between 160 and 220 ms after exposure to a novel stimulus
(Luck, 2005) For Instance, when a subject is bstening to 4 serkes of
Ideatical tones, a tone of a different pitch or volume may elicit MMN
{Naatanen et al, 2007). The probability of the differentiated tone
affects the presence of MMN (Naatanen et al, 2007 i a differen-
thated tone occurs less than 20% of the time, MMN is more likely to
be eficited than if it occurs 50% of the time. This ERP component is
therefore believed to be related to discrimination of an unexpected
stimulus i a series of expected stimuli. It may represent change
detection from pre-attentive echoic sensary memaory (Naatanen
et ol 2005 2007), which is the ‘mental picture’ that the subject
holds of his/her environment (Grivas et al, 2004), reflecting an
automatic process which detects the difference between an incom-
Ing stim ubus and the sensory memory trace of precediag stumull. In
humans, MMN is aflected by cognitive disorders such as dementia
of the Alzheimer’s type (Pekkonen, 2000) and schizophrenia (Catts
et al, 1995) as well a5 alcobol use (Jddskeldinen et al, 1996) It
has been implicated m language processing (Pulvermaller et al,
2008), so patients with aphasia have also been studied (Becker
and Relnvang 2007) Because it likely reflects higher order cog-
nitive processes, such as memory, but can be elicived without the
focused attention of the subject, MMN could be a particularly useful
Instrument i dog cognition research

Animal stadies with ERPs have traditionally focused on under-
standing the mammalian brain, and have used animals as models
of human capabilities when invasive techakjues, usable 1o be
used with human subjects, were employed (Buchwald, 1990) Such
techmigques are not suitable for modern canine cognition research,
where the research subjects are generally much boved family pets
{Kubinyi et al, 2009) and are not expected to be harmed i any
way. The aim of ths stady was to adapt 2 miimally iavasive ERP
recording technique o determine whether MMN could be elicited
In pet dogse

L Experiment |
21. Methods

The Monash University School of and Psychiatry
Animal Ethics Committee approved this research (AEC number
2010/01-S1) Pet dogs (n = 10} ranging from 18 months to 8 years of
age. were recruited from metropolitan Melbourne, Asstralia. They
were selected on the basis of owner reports that they were able
to settle guickly in sovel eaviconments In the preseace of thels
owner, as well as oot being distressed while receiving injections
during visits 10 the veterinarian, While there were no specific breed
requirements, all dogs were medium to lirge and had mesocephalic
head shapes. rather than long-nosed or short-nosed heads, in
order to maintain size and shape standardisation. The participat
Ingbreeds included. Cerman Shepherd (2), German Shepherd cross,
Labrador Retriever, Labrador Retriever X Poodle, Irssh Wolfhound
cross, Sibertan Husky, Standard Poodie, Maremma, and Rottweler,

All EEC recording took place in a 3 m « 3.3 m sound-attensated
laberatory at Monash University Clayton campus. Degs were per-
mitted to explore the laboratory for wp to 1 b, until they appesred
ready to settle on & pet bed placed on the floor. The owner sat on
the Boor with the dog. or in 3 chair mext to the dog. to maximise
relaxation in the dog Three sterile single-use needle electrodes
{Viasys Healthcare Disposable Rapid-Pull 12 mum with 2.5 m cable;
San Diego, CA, USA) were inserted underneath the skin of the
dog's head in order to obtain an EEG recording No pharmaceutical

sedation was required for needle insertion, and 8o dog showed any
signs of pain or distress during imsertion or removal of the needie
electrodes, or a1 any other time throughout the trial

The recording clectrode was placed at Cz, 50% of the distance
from the stop (bridge of the nose corresponding to the human
naskon) to the external occipital protuberance (Bump ot the back
of the head corresponding (o the human mlon ), casdal to the stop.
The ground electrode was placed at 0z, which is 10% of the distance
from the stop to the external ocopital protuberance, rostral 1o the
external oecipital protuberance. The reference electrode was placed
on the midline of the neck, 100% of the distance from the stop to
the external occipital protuberance, starting from Cz (see Fig. 1)
Impedance levels were below 5k, ANl electrodes were secured
with surgical tape.

A Compumedics Newroscan Synamps® 70-channel DC amplifier
and Compumedics Newroscan SCAN 4.5 software (Compumedics
Limited. Abbotsford, VIC, Australia) were used 1o record the dogs’
EEG (band pass: 01100 Mz, sampling rate: 500 Mz2), Stmull were
delivered using Compumedics Neuroscan Stm 2 software, using
& paradigm adapted from Polich (1989) The stimull were a series
of two dilferent tones presented via computer speakers; each tone
constituted one trial, The standard tone was 500 Hz and occurmed
with 90% probsbility delivered #t 48 + 2dB. The deviant tone was
1 kHz and occurred with 10X probuability delivered at 50 + 2 i, The
stimubi were presented at this volume to reduce the risk of arousing
the dogs with louder stimuli, and are andible according to a dog
audiogram (Van der Velden and Rijkse, 1976) All dogs oriented
towards the stmuli duning the trials, indicating that they could hear
the stimull. The inter-trial interval was 2 seconds, and sequences
ranging between 7 and 14 trials were presented consecutively, with
4-5 5 breaks between sequences. A total of cight sequences were
presented within the first block. seven in the second block, and five
in the final block. Three blocks in total were presented with 20s
breaks between blocks Presentation of the stimuli was pseudo-
randomised, with the deviant wae pocurring no earlier than the
Ath trial in each sequence. The total recording took apprasimately
S min, and obtained 200 total trials (180 standerds and 20 targets
per dog) The maximum time per session was 90 min; however,
maost dogs Ninksbed in less than 1 b This variation was due (o the
amount of time required for the dog to fully relax.

After the recording was complete, the needle electrodes were
removed and disposed of in a sharps container. The dog received &
treat and the owner received 4 small cash incentive for participa-
tion. Two dogs. the German Shepherd cross and the Rottweiler, did
not settle in the room within 1h and the session was terminated
without inserting the needle electrodes or oblalming data We were
able to record the EEGs of eight dogs in tatal.

ERP data weee analysed using Compumedics Neuroscan SCAN
4.5 software, EEC blocks with visibly consistent EXG (cardiac activ-
ity) or EMG (muscle activity) greater than 50 uV were excluded
from analysis. Data from two dogs had to be whelly excluded for
this reason, The twotal number of dogs included for anakysis was six.
Subsequently, mdividusi data points with amplitude peaks higher
than 100 uV were excloded from analysis. There was some vara-
thon ko the amosnt of data remainiag for each dog followiag artifact
removal For instance, out of 200 total data points collected per dog,
A7 data points were inchuded for one dog, while 185 were included
for another, Actoss all six dogs, & total of 767 artifact free data polats
were extracted, including 690 for the standard tone and 77 for the
deviant tone, Mean amphitudes of all the standard and deviant tone
data were extracted and averaged separately for each dog using
Compumedics Neuroscan SCAN 4.5 software. The results were then
sgpregated to produce grand average standard and deviant tone
mean smplitodes for the same (1=0). Values are expressed as
means, standard errors, and pvalues. Peak amplitude detection
was established for three components of the deviant and standard
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ERP wavelorms: PS0 was the positive deflection of highest ampll-
tede within the 30-70 ms post-stmulus time window (Winteres
et al, 2001), N10O was the negative deflection of highest ampli-
tude within the BO-120ms time window (Winkler et al. 1993),
and MMN was the negative deflectnon of hughest amplitude within
the 180-220 ms time window (Alzin et al. 1998) Significant dif-
ferences m peaks between the standard and deviant tones at these
three time windows were determined uving ¢-tests in Microsoft
Excel 2007

22 Reswits

The P50 mean amplitude peak detection of X+SE~
2324340V, -6 was recorded In the deviant tone at
64ms, In the standard tone, the PS0 mean amplitude peak of
X4SE=285« 385 .V, n =6 wan at 54 ms. No signiicant difference
was observed between the standard and deviant P30 amplitude
peak, paired two-tailed t-test: ts = 0.20, p>0.05,

The K100 amplitude peak detection of X + SE« <684 « 806 pV,
n=06 occurred &t 120ms in the deviant tone, and X+SE~
=274+ 289 kN, n=06 at B0 ms in the standard tone. No significant
difference was observed between the standard and deviant N100
amplitude peak, patred two-talled 1-test: oy = - 1.25 p» 0,05

At the MMN amplitede peak. however, the difference was
sgnificant. The amplitude peak detection in both the standard
and deviant tones was 150 ms; the deviant tone had an ampl
tude ol X+SE= 1018+ 715V, n~6, and the standard tose had
an amplitude of X+SE~031 12290V, n«6, pared two-tailed ¢
test: fy = <298, p=003. Grand average wavelorms and standard
emor for the deviant tones and standard tones are presented m
e 2

3. Experiment 2
11, Methods

German Shepherd dogs (n - 2) that had participated in Expeni-
ment | were brought in two weeks after their initial session, for an
additional EEG recording. To indirectly validate the findings from
Experiment |, we used identical methods and analyses to those
wsed previously, except that the probability of the standard and
deviant tone was changed 1o 50X each; we expected the difference
between standard and target tone ERPs observed in Expeniment 1

o be attenuated. A total of 360 data points were analysed in this
preluminary data set, including 163 standard tones and 197 deviant
[ones.

32 Resuis

The P50 amphitude peak detection was  recorded as
X4SE=212+014puV, n=2 at 56ms in the deviant tone, and
X4SE«145+0320V. n=2 3t 58ms in the standard tone. No
significant difference was observed between the standard and
deviant P3O amplitede peak, patred two-tailed (-test: 1 =383,
p>005
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The N10O ampliude peak was X+ SE~ S 454001V, n=2 a1
100ms in the deviant tone and X+SE«-541 +1.52 0V, n=2 at
104 ms in the standand tone. Mo significant difference was observed
between the standard and deviant K100 amplitude peak, paired
two-tailed r-test: ¢y = -0.03, p> 0,05

Finally, the MMN amplitude peakwas X+ SE~0.09+ 19 V.02
AL 1RO ms in the deviant tone and X +SE-1.55+001 0V, n~2 at
198 ms in the standard tone. No significant diffecence was observed
between the standard and deviant MMN amplitude peak, paired
two-tallod ¢-test: £y = ~ 0,82, p > 0,05 Results are Mlustrated in Fig, 1.

4. Discussion

To the best of our knowledge, this research represeats the
frst illustration of MMN in 4 group of dogs. The megative peak
of the ERPF at 180 ms alter the mfrequent deviant stimulis, but
not after the standard stimulus, is consistent with typical record-
Ings of human MMN in passive auditory paradigms (Naatanen
et el 2007) This component, &5 In bumans suggests that the sub-
jects detected a difference between the two tones. Also consistent
with human recordmgs, there was no statistically significant dif-
ference in the standard versus target P50 or N100 wavelorms,
which suggests that the physical properties of the stimuli were
not responsble for the differences observed in the MMN com-
poneat, rather, the difference observed in the latter appeoars to
be related 1o stimalus probability. Farther indirect evidence in
support of this interpretation was shown whes the MMM was com-
pletely attenuated i two ankmals follow Ing exposure 10 4 sequence
where the probability of the deviant tone was increased from 10%
to S0% To this end, no difference in amplitade, at any latency
window measured, was observed between the waveforms occur-
ring after exposure to a sequence that comprised 50% standard
and 50% deviant tones (Le. equal probability of tone occurrence)
This corresponds with MMN sescarch in humans, which shows an
Inverse correlation between MMN amplitude and stimulus proba-

bility.

These results collectively suggest that the negative component
of the ERP at approximately 180 ms may be attnbuted to cogmi-
tive processing of stimulos change (Le. MMN), This is an important
finding although further research is needed to understand whether
these results are reliable in a larger sample of dogs and in sam-
ples including different breeds, sizes and head shapes. Data from
sbx dogs were analysed in this study, which is consistent with the
small samples in some other MMN studses in animals, For instance,
Pincze et al (2001) use siX cats, and their 2002 study wses four
cats. Ueno ef &L (2008) use one chimpanzee, and Javitt et al (1996)
use five monkeys. It s difficolt to observe significant differences
in small groups: if anything, this should make the findingy more
conservative due to the corresponding large effect size necessary
to product such a difference. In our case Cohen'sdis | B, indicating
# large effect,

Also, itw il e important to determine if the Sadings are related
to age, since healthy aging affects MMN in humans (Ruzzoll et al.
2011 ) Although some of the dogs in our sample could be considered
o be “aged’ we did not specifically explore this issue; it will be
of Interest to determine in future research whether our findings
gencralise to younger dogs. Different tones and stimulus intervals
will abo need w0 be evaluated 1o determine the reliabality of the
result we obtaimed,

The significance of our finding lies in the fact that previous
research examining MMM with animals bas often been invasive,
Involving the use of electrodes implanted into the skull under
anaesthesia (Roger ot al, 2000; Farley et al. 2010; Javitt of al,
1996; Mncze et al, 2001, 2002; Ruusuvirta ¢t al, 1998, 2010). To
our knowledge. only ose recent study recorded MMN in a chim-
panzee using noa-invasive scalp electrodes (Uene et al, 2008 ) This
technique, similar to that used in humans, s not suitable for use in
dogs. Human EEG research employs scalp clectrodes; clectrophys-
iological activity ks able to be recorded via the scalp because of the
thin skin on the human bead. Deg scalps are, however, thicker than
human scalps (Young et al, 2002; Laurent et al. 2007). To enable
an accurate EEG recording throwgh thick skin, the dog's head would
need to be shaved (o reduce overall iImpedance between the brain
and the scalp, which could distress the dog. To address these |ssues,
& mintmally nwvasive technique was developed for use in vetern-
mary research. It has been employed in epilepsy (Pellegrino and
Sica, 2004) and hearing loss (Ablstrom et al, 2005) research with
dogs. This method, which we adapted for use in the current study,
uses subdermal needle electrodes that are inserted just under the
scalp to measure electrical activity in the braim This technigue
reduces impedance without the need for more mvasive EEG pro-
cedures, such a5 those that require electrodes mnplanted into the
skull, which would not be 2ppropriate for community dog populs-
tans.

A second innovation we employed was to reduce the sumber of
electrodes required, In humans. the international 10-20 system is
commonly used to record EEG (American Electroencephalographic
Sockety, 19806). In this system, ap to 250 electrodes are placed all
over the head, with references often occurting #t the earlobes or
mastoid We opted to use just three needle electrodes, the mini-
mum sumbes required (o oblam an EEC recording in our system
and in brainstem avditory evoked poteatial (BAER) studies exam-
Ining deafness i dogs (Holliday et al, 1992; Webb, 2009) Recause
electrodes In the central midise arca show high response ey
els 10 MMN patadigms (Luck, 2005), the recording electrode was
placed at Cz, halfway between the stop (which corresponds to the
naskon) and external occipital protuberance (which corresponds
to the mion) according to the International 10-20 system, The
ground electrode was placed at Oz, 10X of the distance from the
stop to the external occipital protuberance, toward the external
occipial protuberance. A P300 study with adolescents also used
Oz as the location for the ground electrode (Jocoy et al. 1998)
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The reference electrode was placed on the midline of the neck,
the distance from the stop to the external occipital protuberance,
sarting at Cz (see Fig, 1) We initially attempted to use a mastoid
reference and ground; however, unlike humans, dogs have mus-
cles throughout the top of the head (Smith, 1999} which caused
two much muscular artdact and would not permit an accurate
EEG recording Therefare, we placed all electrodes en the midiine,
because the muscle structure {8 Jess pronounced than it s on the
side of the head and mastoid. While this electrode placement Is
00t standard for the reference in human research, there s some
argument in favour of using neck references (Pethe ot 3k, 1998),

Further research exploring MMN in dogs is needed to determine
the extent to which this procedure will be useful for dog cogni-
tion studies. Source localization is not possible with our methad of
wuing only one active electrode; however, f MMN is copsstently
recorded using this method in contexts that elicit human MMN, st
would make the case for a functional MMN analogue. More stud-
s are needed  understand the extent to which the dog MMN
reported here is truly analogous 1o human MMN. Discrimmation
tasks may be very well-suited to MMN paradigms, 2s MMN provides
4 physiological measire of discrimination without any behavioural
response required by the dog. For example, MMN in humans is
Wigher m amplitnde when the participant is exposed to & sound
that |s present in thelr native language versus a sound that s not
present in the native langwage (Peltola et al, 20033 MMN has also
been elicited in bumans when a grammatical ervor Is detected in
the subject's native language (Pulvermbilber et al, 2008), Research
involving electrophysiological responses o elements of language
could be explored in dogs to evaluate how they process relevant
stimull, For example, one possibility woukd be to examine the ERP
response of dogs when hearing their name spoken by theirowneror
astranger. Dogs may behaviourally show a preference for respond-
ing to their owner, but whether that is based on the owner's tone
of vaice. or the woeds being spoken by the owner, is not known,
From a veterinary behaviour point of view, the effects of canine
cognitive dysfunction on cognltive processing of stimull could also
be studied, similar to dementis of the Alzheuner's type research in
humans.

Although MMN is commonly explored in the seditory modality
(Naatanen et al, 2005, 2007 ), it can also be ehicited in visual (Pazo-
Alvarez et al,, 2003} and olfactory (Pause et al,, 1996) paradigms.
Studies of this kind would be useful if further research demon-
strates 4 reliable MMN response in dogs to auditory stimuli as
presented in this study. A better snderstanding of abil-
ithes in dogs may be particularly beneficial. because these abilities
are heavily relled upon by military, police, and government agen-
ces (Browne et al, 2006), yet the dog's sense of smell ks not
well-understood (Walker et AL 2006). That Is, because the dog's
scenting abilities ace so far beyond those of humans, (raisers are
unable to rely on their own sense of smell to determine whether
4 dog has detected a target scent. A mechanism that enables us to
explore the extent of sceat discrimination abllities in dogs would
allow scent detection dog handlers to understand whether lack
of a behavioural response is indeed based on lack of discrimi-
sation, or on other factors such as motivation levels la visual
paradigms, two-dimensional discrimination could be examined
without the extentive training required to obtain a behavioural
redponse (Range et 4l 2008) The dog would only be required to
sit calmly while being shown the pictures; no operant conditioning
would be needed

Overall, then, we have shown that it is possible to elicit and
record MMN in dogs, in response to a deviant auditory tone, using
an adaptation of & minimally invasive method previously wsed in
veterinaty rescarch. We anticipate that this methodology will pro-
vide dog cognition researchers with an additional mechansm for
assesving dogs” cognitive abilities, enhancing bohavioural studies
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and contributing to 4 rapid increase in knowledge about the cogni-
tive capabilities of our closest animal companion.
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7.3 Discussion

The aim in this study was to determine whether MMN could be reliably elicited in a group of
dogs using the minimally-invasive technique developed in Chapter 6. The results suggest that
MMN can be reliably observed using this method. This is helpful for dog cognition
researchers, because it could provide another measure of cognitive processing to complement
behavioural and survey research. This technique could potentially be adapted for use in other
auditory discrimination paradigms, including whether dogs differentiate their owner’s voice
from a stranger’s voice and other language processing studies. It could also be used in visual
and olfactory paradigms to explore discrimination within those modalities. The potential
could range from the theoretical, such as how dogs discriminate two-dimensional objects as
in Range et al. (2008), to the practical, such as whether scent detection dogs which fail to
behaviourally indicate the location of a target do not discriminate the scent or simply lack

motivation.

A potential limitation of this method is that there is no possibility for source localisation to
determine in which part of the brain a particular stimulus response has originated. This is
possible in human research with electrode caps because there are many places from which the
brain activity is being recorded, and the frequency of the waveform can then be compared
across several electrode sites to determine the likely source of the wave (Luck 2005). The
method used in the current study, however, utilises only the minimum number of electrodes
required to obtain any recording at all. There is only one recording electrode, along with a
reference electrode and a ground electrode, so source localisation is not possible. Perhaps
using more recording electrodes would assist in source localisation, which could be useful for
research groups who would like to explore which parts of the brain are activated during
particular tasks. Source localisation could also help to make the case that dog MMN is truly

analogous to human MMN, as MMN source localisation in humans has been studied
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extensively (Naatanen et al. 2005; Naatanen et al. 2007). However, it is difficult to justify
inserting more than a minimum number of electrodes into fully conscious animals, and the
technique tested in this study can still be used in cognition studies which do not require an

intricate understanding of where in the brain a particular response originates.

Chapters 6 and 7 together constitute a new method for measuring cognitive processing in
companion dogs. Although behavioural research has dominated the dog cognition landscape
for the past 15 years, there are recent moves to utilise new technologies to measure how dogs
process information. For instance, some research makes use of eye-tracking software which
measures dogs’ visual focus at any given moment (Williams et al. 2011). Also, veterinary
research has determined that the shape of a dog’s face correlates to differences in the shape of
the brain, as evidenced by MRI imaging (Roberts et al. 2010). Additionally, dog vocalisations
were sampled and analysed in order to establish that vocalisations are context-dependent
(Molnar et al. 2008; Molnar et al. 2006; Pongracz et al. 2006; Pongracz et al. 2005b). The use
of new technologies to understand dog behaviour and cognition is relatively recent, but it
appears to be increasing rapidly. The studies reported in Chapters 6 and 7 provide new ways
to measure brain activity in awake dogs without the need for extensive training, therefore
opening up a new branch of dog cognition research that still makes use of companion dogs

with a typical developmental experience and lifestyle.

While there is still need for more research to explore under what conditions MMN presents in
dogs, the findings presented in this study offer a new method by which to measure cognitive

processing in dogs without reliance on behaviour.
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CHAPTER 8 — GENERAL DISCUSSION AND FUTURE DIRECTIONS

Great apes were long believed to possess the most complex cognitive skill set of any non-
human animal (Humphrey 1976). However, in the late 1990s, dogs demonstrated that they
were capable of succeeding where great apes had failed: they could accurately interpret
human communicative gestures (Hare & Tomasello 1999; Miklosi et al. 1998). Since those
two studies were reported, the field of dog cognition has grown considerably (Wynne 2009),
particularly regarding social cognition research which suggests that dogs are very good at
communicating with, and learning from, humans (Agnetta et al. 2000; Gacsi et al. 2004;
Kubinyi et al. 2003; Miklosi et al. 2003; Pongracz et al. 2008; Topal et al. 2006; Wobber &

Hare 2009).

Along with social cognition research, some studies have examined other, non-social,
cognitive abilities to try to understand how dogs perceive the world around them (Osthaus et
al. 2005; Pattison et al. 2010; Range et al. 2008; Range et al. 2011; Topal et al. 1997).
However, these results have been less conclusive than the social cognition studies. For
instance, one study suggested that dogs do not possess means-end awareness (Osthaus et al.
2005), using a string-pulling paradigm that has been well-established in other species.
However, a more recent study, using a paradigm similar to research with cotton-top tamarins,
suggested that they may possess such an awareness (Range et al. 2011). It is possible that the
different research design was the cause of these disparate results, which highlights the need to
confirm the validity of a particular paradigm for each species tested before drawing
conclusions about whether or not an animal possesses a given ability. Paradigms which are

suitable for great apes and other primates may not be suitable for dogs, and vice versa.

Behavioural research such as that described above has been extremely informative. However,

the need to confirm validity of a behavioural paradigm in different species illustrates the need
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to incorporate other measures beyond behaviour into dog cognition research. For instance,
surveys that examine people’s perceptions of dog cognitive abilities provide researchers with
insights into dog behaviour that is not readily observable in experimental settings, as well as
possible avenues for future research based on anecdotal information received by owners
(Hecht et al. 2012; Horowitz 2009). Likewise, neurological research, such as
electroencephalography (EEG), provides a complementary tool for measuring the
neurological underpinnings of observed behaviours, permitting researchers to explore a
deeper level of cognitive processing in dogs. Complementary methods, such as these, offer

new avenues for understanding how dogs perceive the world.

The aim in this thesis was to advance current understanding of how dogs process information
through the use of various techniques which each offer a unique perspective on dog
cognition. Chapter 3 reported the results of a survey-based study which asked lay community
members about their perceptions of dog cognitive abilities. Chapters 4 and 5 described two
behavioural research studies undertaken to explore how dogs respond to mirrors and whether
they can use a mirror to solve a problem. Finally, Chapters 6 and 7 reported the results of a
new minimally-invasive EEG method developed to record brain activity related to stimulus
discrimination. This comprehensive body of work is the first to consider these methods
collectively. There are advantages and disadvantages to each method, as discussed in detail

below.

8.1 Survey-based research

The first of the three methods utilised in this thesis, survey research, involved the
development of a questionnaire to explore people’s perceptions of dog cognitive skills. This
was the first survey to comprehensively explore owner and non-owner perceptions of a

variety of cognitive domains and how they might be associated with dog ownership and/or
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perceived emotional closeness to a pet dog. Other surveys have asked about dog intelligence
in different cognitive domains (Maust-Mohl et al. 2012; Rasmussen & Rajecki 1995;
Rasmussen et al. 1993), and still others have explored whether general perceptions of
intelligence correlated with perceived emotional closeness (Serpell 1996). This survey was

the first to combine the two.

The results did not always correspond to the current scientific understanding of dog
cognition. People generally appeared to believe that dogs are capable of complex social
cognitive skills, including some established in recent scientific settings, such as interpretation
of human communicative gestures (Miklosi et al. 1998; Miklosi & Soproni 2006) and social
learning (Pongracz et al. 2003a; Pongracz et al. 2003b, 2004), and others which have not
been established scientifically, such as empathy and deception. Respondents were less likely
to agree that dogs possess an innate ability to solve logic problems or exhibit mirror self-
recognition (MSR), but they tended to agree that dogs can learn these skills. In fact, ratings of
innate abilities in these two domains were inversely correlated with self-reported knowledge
of dogs. Logic-based scientific experiments such as means-end awareness have had mixed
results (Osthaus et al. 2005; Range et al. 2011), and there is no research examining whether

dogs demonstrate MSR.

As expected, perceived emotional closeness correlated with almost all cognition variables,
and predicted several. These results correspond to other research that has demonstrated a
relationship between attachment and ratings of intelligence (Serpell 1996). However, there
were two exceptions to the general rule of correlation: the statements “dogs learn mostly
through trial and error”, and “The quickest way to house train a dog is to punish it whenever
you find a 'mishap’ in the house”. This illustrates the benefit of including a variety of different

domains and specific cognitive statements in survey research rather than general intelligence
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levels, and comparing individual items to levels of perceived emotional closeness. The result
is a more nuanced understanding of the relationship between beliefs about dog cognition and

the dog-owner relationship.

While survey research is informative, it must be interpreted carefully. First, it does not
replace behavioural research in determining cognitive abilities in dogs, because people’s
beliefs are not necessarily based on rigorous experimental data. They are likely formed by
their own experiences and mediated by their values (Waters 2000). Second, survey research
related to dogs tends to be biased toward females (e.g. Bennett & Rohlf 2007; King et al.
2009; Serpell 1996). As such, there is a strong argument that the survey respondents are not
representative of the population at large. Dog owners were more likely than non-owners to
believe that dogs exceed humans in general intelligence, which was unexpected and

demonstrates that there is probably a sampling bias inherent in the survey.

Despite these limitations, survey research is useful because it offers researchers insights into
the discrepancies between scientifically established abilities and people’s perceptions of dog
abilities. For instance, veterinary behaviourists can teach owners what scientific evidence
exists for dog cognitive abilities and align these with owner expectations which could
improve the dog-owner relationship. Furthermore, survey research can provide insights into
elements of dog behaviour that should be experimentally researched, as in ‘guilty look’
research that was based on owner anecdotes that dogs feel guilty when they misbehave
(Hecht et al. 2012; Horowitz 2009); the ambiguity among the survey respondents about
mirror use in dogs provided an impetus to explore this in the behavioural studies reported in

Chapters 4 and 5 of this thesis.
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8.2 Behavioural research

While behavioural studies have dominated dog cognition research, few studies have
examined logic and problem-solving behaviour, with most focusing on social cognition
instead. Chapters 4 and 5 helped close the research gap in dog problem-solving abilities by
examining whether they could make use of a mirror to solve a problem. In Chapter 4, most of
the dogs did not indicate an awareness that their owner, holding their favourite toy, was
standing behind them in an adjoining room, which was visible in a mirror. However, in
Chapter 5, when treats were hidden behind a barrier but visible via a mirror, dogs were more
likely to find the treat compared to dogs without access to the reflection in the mirror. These
findings suggest that under certain conditions, dogs do appear able to use the mirror to find
hidden items of interest. While these results are promising, successful dogs with access to the
mirror did not complete the task faster than successful dogs without access to the mirror.

Therefore, more research is needed to validate these claims.

From a phylogenetic standpoint, dogs should be able to use a mirror as a tool, since this
ability has been shown in many different species of animals, including pigeons (Epstein et al.
1981), pigs (Broom et al. 2009), and Japanese monkeys (ltakura 1987). Moreover, there is no
obvious reason why a dog should not possess a cognitive ability that has been clearly
demonstrated in pigs. That the Chapter 4 study produced very different results from the
Chapter 5 study highlights the importance of research design in the success or failure of

animals in cognition research.

There are many variables which could have produced the different results in Chapters 4 and
5, including length of exposure to the mirror, motivation to find the target item, or even the
presence or absence of the target item in the same room as the dog and mirror. It is

impossible to determine which of these may have caused the conflicting results, and indeed, it

138



may be that several or all of these design issues contributed equally. However, the period of
exposure may have played a crucial role because many previous mirror studies involved
extensive exposure to mirrors before beginning testing (Broom et al. 2009; Eglash &
Snowdon 1983; Gallup 1970). Chapter 4 did not include this extensive exposure because it
was believed that many dogs would have already had much access to mirrors in human
homes. However, perhaps this belief is incorrect, or perhaps dogs do not easily generalise
knowledge gained from mirrors at home to mirrors in novel environments. Future research
should examine under what conditions dogs are able to use mirrors as a problem-solving tool,
to try to understand whether motivation, exposure length, or the presence of the target item in

the same room has a greater effect on these results.

It is also possible that the dogs in Chapter 5 were successful not due to the research design,
but due to some spurious variable. For instance, the blanket was always in the room with the
dogs, but placing it over the mirror for the control group may have been so unexpected that
the control group dogs lost focus of the task and forgot that there was a treat to find. It is also
possible that Clever Hans effects caused the dogs to find the hidden treat, if owners in the
experimental group were more encouraging than owners in the control group. Predictions
were not told to the owners until after the session, but owners may have realised what the
predictions were even without being told. Ideally, future research of this kind should be
designed such that the owner and experimenter are blind to the experimental group, or
perhaps their faces should be covered so that they cannot see how the dog is behaving or

provide unintentional cues to the dog about expected behaviours.

Behavioural research is the primary method of exploring dog cognitive abilities. It is
instructive and can be done relatively cheaply, depending on the experimental setup.

However, there are some limitations that should be considered when interpreting behavioural
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research. For instance, the owned pet dogs which participate in behavioural research, as
anecdotally reported during discussions with the owners in the mirror studies of Chapters 4
and 5, are generally owned by people who are very interested in dog behaviour and cognition.
They often participate in obedience training, agility, schutzhund, etc with their dogs.
Therefore, these dogs may receive more stimulation and socialisation than many other dogs
in the community, so their response to these behavioural tasks may not be easily
generalisable to the pet dog community at large. Ideally, studies would include dogs with
different life experiences and socialisation levels; however, people who are not deeply
interested in dog behaviour may be less likely to volunteer to participate in the research.
Nonetheless, pet dogs are a good population for cognition studies because they are raised in
human homes (Kubinyi et al. 2009) and therefore are likely to receive more socialisation to

humans than many laboratory dogs, racing greyhounds, or working dogs.

Behavioural research requires that dogs respond to a particular set of stimuli in a particular
way, or in one of several possible ways. Unfortunately for researchers, dogs do not always
behave in these expected ways, and it can be impossible to understand whether the dog lacks
motivation to complete the task, or whether the dog is not focused on the task, or whether the
dog is motivated and focused, but lacks the cognitive ability needed to complete the task.
Therefore, it is important to consider these limitations when interpreting dog behaviour in
experimental settings, especially with a view to demonstrating an underlying cognitive ability

(or lack thereof).

Notwithstanding the limitations highlighted above, behavioural experimentation will continue
to play an important role in dog cognition research. The research to date has been invaluable
in helping researchers understand what dogs are capable of, and has made a strong case that

dogs are particularly effective at communicating with humans. They also may be good
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problem-solvers in certain situations, as illustrated in Chapters 4 and 5 of this thesis, but more

research will be needed to determine the extent of those capabilities.

8.3 Neurophysiological research

There has been some recent use of technologies which permit new ways of exploring dog
cognition, without reliance on behaviour. For instance, eye-tracking software was developed
to allow a precise measure of where a dog’s attentional focus lay at a given moment
(Williams et al. 2011). Dog vocalisations have been computed into algorithms for use in
determining the contextual basis of different types of barks (Farago et al. 2010; Maros et al.
2008; Molnar et al. 2008), and magnetic resonance imaging (MRI) studies of dog brains have
demonstrated that the shape of the brain (Roberts et al. 2010) and the visual field (McGreevy

et al. 2004) are related to the dog’s head shape.

Another potential mechanism to help researchers interpret unexpected behavioural data is to
incorporate neurophysiological measures in cognitive assessment testing in dogs. Chapter 6
showcased the development of a method of using minimally-invasive electroencephalography
(EEG) to measure mismatch negativity (MMN) in dogs. MMN is a component of an event-
related potential (ERP), which is an electrophysiological response to a stimulus. MMN is
elicited after exposure to an unexpected stimulus in a series of expected stimuli, and it is
believed to be related to memory. After developing this method, its reliability was confirmed
in a group of dogs, as reported in Chapter 7. These studies confirmed that MMN can be
reliably measured in dogs using this minimally-invasive technique, which may be especially
useful in discrimination tasks, in which dogs are expected to differentiate between two or

more stimuli.
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Visual discrimination tasks could use MMN to explore how dogs discriminate different types
of photos. One behavioural study has already confirmed that dogs can differentiate between
photos of landscapes and photos of other dogs (Range et al. 2008), but MMN research of a
similar kind would reduce the need for the long training periods required by the dogs in the

Range et al. (2008) study, permitting larger samples.

Olfactory research could use MMN to determine the strength of a dog’s sense of smell. It
could also be used with detection dogs in training, to ascertain when a dog’s behavioural
indication does not correspond with a neural detection of a target odour. That is, if a dog did
not behaviourally indicate that it has discriminated a target stimulus, the presence of an
MMN waveform would suggest that the dog lacked motivation or training to indicate the
stimulus, while no MMN waveform would imply that the dog did not discriminate the scent
at all. This could assist handlers in understanding whether the dogs need more training or
other motivators to improve responses, or whether the task is beyond the cognitive

capabilities of the animals in question.

An example of auditory research that could incorporate MMN would be to determine how
dogs process language information. Since MMN research has been used to study language
processing in humans (Peltola et al. 2003; Pulvermiiller et al. 2008), similar research could be
used in dogs to explore whether they can discriminate their name as spoken by their owner
versus a stranger. Since dogs have evolved alongside humans (Coppinger & Coppinger
2002), it could mean that they may be attuned to human language in a way that other animals
are not. It could also have a practical application among working dogs, which work relatively
independently of their handler, to determine whether the handler should be the only person
issuing commands to the dog, or whether others could also participate in situations in which

the handler is far away (Coutellier 2006).
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In theory, this technique could be adapted for other animal species, so comparative studies
could be done to explore whether dogs process visual, olfactory, or auditory stimuli
differently from other species. This would allow researchers an opportunity to explore the
effect of possible effect of domestication on cognitive processing. This has been attempted in
behavioural research with conflicting results, with some suggesting that domestication has
improved dogs’ ability to communicate with humans (Hare et al. 2002; Hare et al. 2010; Hare
& Tomasello 2005), and others suggesting that domestication alone cannot account for this
ability (Miklosi & Topal 2005; Udell et al. 2008; Wynne et al. 2008). Another tool for
measuring cognitive processing in different animal species, including other domesticated
animals, and dogs’ wild progenitor, the wolf, would give researchers further insights into the

role domestication may have played in providing dogs with their skill set.

There are some practical challenges in the use of this EEG technique. Compared to survey
and behavioural research, EEG research is relatively expensive; however, for veterinary and
psychology departments which have access to an EEG system, this sort of research could be
useful to complement behavioural research. Perhaps more importantly, because the EEG
requires that subjects remain relatively still, it would be difficult to incorporate this method
directly into a behavioural study which required much movement by the dogs. However, it
would be possible to use MMN studies in conjunction with behavioural studies to determine
the underlying processes behind learning in experimental settings or training environments.
For example, in scent detection work, MMN measures of target scent detection before
training would allow researchers to determine whether individual dogs have discriminated a
target scent; those that did not discriminate it (if any) would not need to go through the
training and detection programs could focus their resources on dogs which could discriminate

the scent from the beginning.
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An auditory study of owner versus stranger voices could be also used in conjunction with
behavioural research. The behavioural research could include the owner and a stranger both
speaking directly to the dog, while the MMN research could use the playback of owner and
stranger voice recordings delivered by the EEG software which makes note of the precise

moment of the delivery of the stimulus.

A visual photographic discrimination study (Range et al. 2008) could potentially be
completed at the same time as an MMN recording, provided the dogs were not required to
move around much. While a behavioural indication of photo discrimination would affect the
EEG recording, as muscle movement decreases the possibility to record brain activity, MMN
is typically observed within the first 250 msec of stimulus onset, and any behavioural
response would likely come much later, after the MMN response would have already been

recorded.

8.4 Conclusion

This thesis contributed to the current understanding of dog cognitive processing in three
ways. First, a survey determined community perceptions of dog cognitive abilities and
established correlations between those beliefs and perceived emotional closeness to one’s
dog. Second, two behavioural studies explored how dogs use mirrors as a problem-solving
tool, which advanced the knowledge of dogs’ use of logic and problem-solving, an under-
researched area of dog cognition relative to social cognitive studies. Third, a minimally-
invasive method for recording EEG waveforms in dogs was developed, which permits use of
companion dogs living in human homes and allows researchers to record brain activity

related to higher-order cognitive processes including memory.

Future research using surveys to examine what people think about dog cognitive abilities

should aim to use a large cross-section of the population, including men and people who
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neither own dogs nor are interested in dogs. This would reduce the possibility of sampling

bias and give a more accurate idea of what people in general believe dogs can do.

Future behavioural studies should continue to explore logic and problem-solving skills in
dogs, in addition to the ubiquitous social cognitive research being undertaken. The dog’s
social cognitive skills are impressive, but they may also be good problem-solvers when given
the opportunity. It is also important to confirm validity of behavioural paradigms in different
species before making conclusions about their cognitive skills based on the results of those
studies. Spurious variables, such as the Clever Hans effect, should always be a consideration

in any research design.

Neurophysiological research in dog cognition studies is in its infancy, but it is quickly
growing and offers further insights into how dogs process information about the world
around them. MMN research should be used alongside behavioural research to study the
neural underpinnings of behaviour. More studies should be completed to help establish
whether MMN in dogs is truly analogous (or at least a functional analogue) to human MMN,

which has been researched extensively.

To conclude, there are different ways to examine cognitive processing in dogs. Although
behavioural response has been the primary method for understanding how dogs perceive and
interpret the world around them, this thesis has demonstrated the utility of combining this
approach with survey and neurophysiological methods to develop a deeper, multi-faceted
knowledge of dog behaviour. Each technique has its advantages and disadvantages, but taken
together, they provide rich insights into dog cognition. This understanding is important not
just for academic and theoretical reasons, but also for the practical benefits of improving

communication between dog and owner.
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APPENDIX A: Perceptions of Dog Intelligence and Cognitive Skills

(PoDIaCs) survey

Section A
Background Information About You

1. Gender

[ IMale
[ JFemale

2. What year were you born?
(write)

When responding to the following questions, if you currently spend time living in two
different places because of work or study demands, please answer with respect to the location
you would describe as your ‘real” home.

3. Which of the following people usually live with you in your home? (Tick more than one
box if appropriate)

[_]Partner (spouse or defacto)

[]Other adults over 65 years

[_]Other adults between 18 to 65 years

[_]Children between 12-18 years

[ ]Children under 12

[_]Other (write)

4. Which of the following best describes the area in which your home is located?
[JUrban (Inner city)

[_]Suburban (over 10km from city)

[JRegional city (population 50,000 or more)

[]Country town/Island (population less than 50,000)

[ JRural

5. What kind of dwelling is your home?

[ JHouse

[ ]Semi-detached, terrace house, townhouse
[_JFlat, unit, apartment

[_]Other (write)

6. Does this dwelling include the following?

[ ]Large outside space (farm, acreage)

[ ]Medium outside space (large house yard, small acreage)
[_]Small outside space (small yard, patio, balcony)

[INo outside space
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7. What is the highest level of education you have completed?
[ INo formal schooling

[ ]Year 10 or below

[ ]Year 11 or year 12

[_|TAFE diploma, trade certificate, apprenticeship

[ JUniversity, (undergraduate)

[ JUniversity, (post graduate)

[_]Other (write)

8. Which of the following best describes your current situation in relation to paid work?
[ |Retired

[ JUnemployed

[ JUnable to work

[]Engaged in home duties

[_]Part time or casual paid work (30 hours or less per week or seasonal work)

[_JFull time paid work (more than 30 hours per week)

[_]Other (write)

9. What is your annual household income from all sources, before taxes?
[Nl

[ ]$1- $7799

[ ]$7800- $12,999

[ ]$13,000 - $20,799
[ ]$20,800 - $31,199
[ ]$32,000 - $41,599
[ ]$41,000 - $51,999
[ ]$52,000- $67,599
[ 1$67,600 - $83,199
[ ]$83,200 - $103,999
[ ]$104,000 or more

10. Are you an Australian citizen?

[ ]Yes
[ ]No

11. In which country were you born?
[ ]Australia
[_]Other (write)

12. Which language do you mostly speak at home?

[lEnglish
[_]Other (write)

13. Do you practice a religion?

[ ]Yes
[ ]No

If yes: 13a. What religion do you practice? (write)
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14. In your opinion, please estimate your knowledge of dogs relative to other members of
your community

[ ]Very unknowledgeable

[]Somewhat unknowledgeable

[_INeither knowledgeable nor unknowledgeable

[]Somewhat knowledgeable

[ ]Very knowledgeable

15. Have you ever owned or lived with a dog?

[ ]Yes
[ ] No

16. Do you currently own or live with a dog?

[] Yes
[ ] No

17. How many dogs do you currently own or live with?

[ ]5 or more

18. What breed of dog do you own or live with? If not a purebred, please list the breed
combination, if known. If you own more than one dog, please list the breed of the dog you
have lived with the longest (write)

19. How long have you owned or lived with your dog? If you own more than one dog, please
answer in relation to the dog you have owned or lived with the longest (write)
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Section B.

This section will ask you how you think dogs will respond in particular situations. Please indicate the
extent to which you agree or disagree with the following statements about DOGS IN GENERAL.
INSTINCTIVE means an ability that dogs are born with.

Strongly Disagree Neither ~ Agree  Strongly
disagree agree nor agree
disagree
1. Dogs instinctively recognize
themselves in a mirror u u u u u
2. Dogs can learn to recognize [ [ [ [ [

themselves in a mirror

3. Dogs can instinctively use a

mirror to find their owner, a [] ] ] ] ]

treat, or a toy

4. Dogs can learn to use a mirror
to find their owner, a treat, or a [] [] [] [] []
toy

5. Dogs instinctively understand

human gestures like pointing at ] ] L] L] []
food or toys

6. Dogs can learn to understand

human gestures like pointing at ] ] L] L] []
food or toys
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10.

11.

12.

13.

14.

When faced with a problem that
they can’t solve on their own,
such as getting a toy ball from
under the sofa, dogs
instinctively look at humans for
assistance.

When faced with a problem that
they can’t solve on their own,
such as getting a toy ball from
under the sofa, dogs can learn to
look at humans for assistance.

When dogs look at their owner,
they instinctively understand
when their owner is paying
attention to them.

Dogs can learn to look at their
owner to understand when their
owner is paying attention to
them.

Dogs are instinctively more
likely to beg for food from their
owner if their owner is looking
at them rather than at something
else.

Dogs can learn to beg for food
from their owner when their
owner is looking at them rather
than at something else.

Dogs instinctively know they
can steal food more easily when
their owner isn’t paying
attention to them.

Dogs can learn that it is easier
to steal food when their owner
isn’t paying attention to them.

Strongly
disagree
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15.

16.

17.

18.

19.

20.

Strongly Disagree
disagree

Dogs can instinctively solve
problems like opening a ] ]
container lid to get a treat.

Dogs can learn to solve

problems, like opening a [ [
container lid to get a treat, by

watching humans do it first.

Dogs can learn to solve

problems, like opening a [ [
container lid to get a treat, by

watching other dogs do it first.

If you put a toy or treat behind a

wire barrier like a fence, dogs

instinctively understand that (] u
they can go around the barrier

to obtain the object.

If you put a toy or treat behind a

wire barrier like a fence, dogs

can learn to go around the [ [
barrier to obtain the object by

watching humans do it first.

If you put a toy or treat behind a

wire barrier like a fence, dogs

can learn to go around the [] []
barrier to obtain the object by

watching other dogs do it first.
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21.

22.

23.

Please answer the following 3 questions in relation to this figure.

Dogs instinctively understand
that pulling the string will allow
them to access the treat or toy at
the end.

Dogs can learn that pulling the
string will allow them to access
the treat or toy at the end by
watching humans do it first.

Dogs can learn that pulling the
string will allow them to access
the treat or toy at the end by
watching other dogs do it first.

Strongly
disagree

[
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24.

25.

26.

COVERED BOX
D10y
Z

"l

v
a2y

STRINGS

Please answer the following 3 questions in relation to this figure.

Dogs instinctively understand
that pulling the string will allow
them to access the treat or toy at
the end

Dogs can learn that pulling the
string will allow them to access
the treat or toy at the end by
watching humans do it first.

Dogs can learn that pulling the
string will allow them to access
the treat or toy at the end by
watching other dogs do it first.

Strongly
disagree

[
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217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Dogs are capable of
understanding when their owner
is sad.

Dogs are capable of
understanding when their owner

is happy.

Dogs are capable of
understanding when their owner
is angry.

Dogs are capable of
understanding when their owner
is afraid.

Dogs are capable of
understanding when a stranger
is sad.

Dogs are capable of
understanding when a stranger

is happy.

Dogs are capable of
understanding when a stranger
is angry.

Dogs are capable of
understanding when a stranger
is afraid.

Dogs are capable of trying to
trick their owner into doing
something like moving from
their seat so the dog can sit
there.

Dogs are capable of trying to
trick other dogs into doing
something like moving from
their seat so the dog can sit
there.

Strongly
disagree

[
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37.

38.

39.

40.

41.

42.

43.

44,

45.

Dogs are capable of trying to
trick strangers into doing
something like moving from
their seat so the dog can sit
there.

Dogs are smarter than most
people.

Dogs can solve logic problems
better than most humans.

Dogs can solve social problems
better than most humans.

Dogs learn the 'sit' command
quickly when they are being
trained.

Once a dog has learned the 'sit’
command in one area (like the
kitchen), it will respond to the
command if it is given in
another area (like the backyard)
or by another person.

Dogs quickly learn to associate
actions like picking up the car
keys with consequences like
going for a ride in the car.

The quickest way to house train
a dog is to punish it whenever

you find a 'mishap’ in the house.

Dogs learn mostly by trial and
error.

Strongly
disagree

[
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46.

47.

48.

49.

50.

51.

Dogs learn mostly by thinking
about the likely consequences
of their behaviour.

When a dog owner feels sad,
their dog feels sad too.

When a dog owner feels happy,
their dog feels happy too.

When a dog owner feels afraid,
their dog feels afraid too.

When a dog owner feels angry,
their dog feels angry, too.

A dog's mental ability is equal
to:

Strongly
disagree

[

Newborn to 1

year

[
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Disagree

[

1to?2
years

[

Neither
agree nor
disagree

[

[

3to5
years

Agree

[

6to 10
years

Strongly
agree

[

11to 15
years



Section C: Monash Dog Owner Relationship Scale (MDORYS)

(Dog owners only)

Please indicate the extent to which you agree or disagree with the following statements about
your dog. If you have more than one dog, think about the dog you have lived with the

longest.

1. How hard is it to look after your dog?

[] [] [] [] []
Very hard Hard Neither hard nor Easy Very easy
easy
2. My dog gives me a reason to get up in the morning.
[] []
Neither agree nor . .
Strongly agree Agree disagree Disagree Strongly disagree
3. There are major aspects of owning a dog I don’t like.
[] [] [] [] []
Neither agree nor . .
Strongly agree Agree disagree Disagree Strongly disagree
4. How often do you kiss your dog?
[] [] [] [] []
At least once a Once every few Once a week Once a month Never
day days
5. 1'wish my dog and I never had to be apart.
[] [] []
Neither agree nor . .
Strongly agree Agree disagree Disagree Strongly disagree
6. My dog makes too much mess.
[] [] [] [] []
Neither agree nor . .
Strongly agree Agree disagree Disagree Strongly disagree
7. How often do you play games with your dog?
[] [] [] [] []
At least once a Once every few Once a week Once a month Never
day days

8. It bothers me that my dog stops me doing things I enjoyed doing before I owned it.

[

Strongly agree Agree Neither agree nor

disagree Disagree

[

Strongly disagree
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9. How often do you take your dog to visit people?

[] [] [] [] []
Once a week Once a fortnight Once a month A cougl;/aezl; times Never

10. It is annoying that | sometimes have to change my plans because of my dog.

[]
Neither agree nor . .
Strongly agree Agree disagree Disagree Strongly disagree
11. My dog costs too much money.
[] [] [] []
Neither agree nor . .
Strongly agree Agree disagree Disagree Strongly disagree
12. How often do you buy your dog presents?
[] [] [] [] []
Once a week Once a fortnight Once a month A couapl;zezi times Never
13. My dog is constantly attentive to me.
[] [] [] []
Neither agree nor . .
Strongly agree Agree disagree Disagree Strongly disagree
14. How often do you give your dog food treats?
[] [] [] [] []
At least once a Once every few Once a week Once a month Never
day days
15. How often do you tell your dog things you don’t tell anyone else?
[] [] [] [] []
Once aday Once a week Once a month Once a year Never
16. How often do you feel that looking after your dog is a chore?
[] [] [] [] []
Once a day Once a week Once a month Once a year Never
17. How often do you take your dog in the car?
[] [] [] [] []
At least once a Once every few Once a week Once a month Never
day days
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18. How often does your dog stop you doing things you want to?

[ [ [ [ [

Once a day Once a week Once a month Once a year Never

19. I would like to have my dog near me all the time.

[] [] [] [] []
Strongly agree Agree Neltr&?;%grze;e nor Disagree Strongly disagree

20. How often do you groom your dog?

[ [ [

Al least once a Once every few Once a week Once a month Never

day days

21. If everyone else left me my dog would still be there for me.

[] [] [] [] []
Strongly agree Agree Neltf&?g%gr:;e nor Disagree Strongly disagree

22. How often do you feel that having a dog is more trouble than it’s worth?

[ [ [ [ [

Once a day Once a week Once a month Once a year Never

23. My dog helps me get through tough times.
[] []

[] [] []
Neither agree nor . .
Strongly agree Agree disagree Disagree Strongly disagree
24. How often do you hug your dog?
[] [] [] [] []
At least once a Once every few Once a week Once a month Never
day days

25. My dog provides me with constant companionship.

[] [] [] []
Neither agree nor . .
Strongly agree Agree disagree Disagree Strongly disagree

26. How often do you have your dog with you while relaxing, i.e. watching TV?

] ] ] ] ]
Al least once a Once every few Once a week Once a month Never
day days
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27. My dog is there whenever | need to be comforted.

[] [] [] []
Strongly agree Agree Nelti&?g%grzie nor Disagree

[

Strongly disagree

28. How traumatic do you think it will be for you when your dog dies?

[] []
Very traumatic Traumatic Neither traumatic Untraumatic
nor untraumatic

[

Very untraumatic
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