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Abstract 

 Cerebral lateralisation was once thought to be unique to human beings, but has 

since been demonstrated in a number of non-human species. Lateralisation refers to the 

specialisation of each of the brain’s hemispheres for the mediation of particular functions. 

Motor function is lateralised in many species, which is manifested by the preferential use 

of one limb over the other. It has been shown that increased usage of one hand or limb is 

associated with increased activity in the contralateral hemisphere. Limb usage can be 

compared with other variables in order to determine whether particular factors are 

associated with the left or right hemisphere of the brain.  

The domestic dog (Canis familiaris) has featured in laterality research. The goal of 

the research reported in this thesis was to explore the ways in which brain lateralisation 

may influence dogs’ abilities to perform particular roles. The first study investigated the 

relationships between the paw preferred by greyhounds on a task requiring them to 

obtain food rewards, and the behaviour exhibited on the greyhound racetrack. The 

findings from the study suggested that greyhounds exhibit preferences for the direction in 

which they exit the starting boxes at the beginning of each race and for the position in 

which they ultimately run on the racetrack. The results also suggest that increased usage 

of the left paw is associated with a greater frequency of running in the ‘rail’ position on 

the racetrack.  

A second study investigated the relationships that exist between paw preference 

and various temperament traits in the dog. Two questionnaires were administered to dog 
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owners to obtain information relating to each dog’s temperament, living conditions and 

its interactions. The findings indicated that there was a relationship between a left paw 

preference and stranger-directed aggression. The results also indicated that there were 

associations between various ‘demographic’ factors (e.g. frequency of exercise and 

attendance at training classes) and positive behavioural outcomes.  

A third study investigated ocular laterality in a sample of competitive agility dogs 

to determine whether there were differences between the hemispheres’ abilities to 

process visual information related to the perception of depth. Dogs negotiated a hurdle 

under the guidance of left monocular, right monocular, and binocular vision. The results 

indicated that limiting dogs to monocular vision influences several kinematics variables, 

including the dogs’ limb preferences during the jumping behaviour, their velocity, angle of 

take-off, and total distance jumped. There were differences between the jumping 

kinematics variables when dogs were guided by left and right monocular vision. The 

findings indicate that the right hemisphere may be less proficient at processing visual 

information related to the perception of depth.      
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SECTION A: INTRODUCTION AND DEVELOPMENT OF METHODOLOGY 

Chapter 1 

Literature Review 

1.1 OVERVIEW OF THESIS 

Once thought to be a unique feature of the human brain, cerebral lateralisation 

has now been demonstrated in a wide variety of non-human species (Vallortigara, 2006). 

The findings of laterality studies generally support the notion that particular faculties, or 

functions, are processed predominantly in one of the brain’s two hemispheres 

(Vallortigara, 2006). One of the most well-known examples of laterality is the 

specialisation of motor function that can be observed in human beings. Approximately 

ninety percent of the human population prefers to employ the right hand for fine motor 

tasks, which is indicative of processing by the left hemisphere, given that each of the 

brain’s hemispheres controls the opposite side of the body (Annett, 2000). Animals have 

also been shown to exhibit preferences for the limb with which they complete certain 

tasks, and researchers now consider such preferential behaviour as an indicator of 

cerebral lateralisation (Rogers, 2000). 

Aside from hand or forelimb preferences, organisms can also demonstrate ocular 

preferences (Babar et al., 2010; Bisazza & de Santi, 2003) and foot preferences (Izawa, 

Kusayama, & Watanabe, 2005; Kalaycioglu, Kara, Atbasoglu, & Nalcaci, 2008), amongst 

other functional biases (Krahe, Filgueiras, & Schmidt, 2002; Mohr & Lievesley, 2007). 
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These behaviours are also considered to be manifestations of cerebral lateralisation, and 

researchers have noted that such preferential behaviours can be compared to other traits 

in order to identify the hemisphere that mediates them. For example, research concerned 

with chimpanzees has shown that individuals with a preference for the right hand enter a 

new environment and interact with more novel objects than their left-handed 

counterparts, which suggests that the left hemisphere may be involved in the mediation 

of responding to novelty (Hopkins & Bennett, 1994). Similarly, gelada baboons are more 

likely to engage in aggressive encounters with counterparts that are located in the left 

visual hemifield, suggesting that the right hemisphere may be involved in the processing 

of information related to negative affect (Casperd & Dunbar, 1996). Similar findings have 

been reported in humans (Schiff & Lamon, 1994). 

 Relationships between various lateralised behaviours have also been observed in a 

number of species. For example, humans demonstrate consistent hand and foot 

preferences, although it has been suggested that the agreement between these 

expressions of laterality depends on the nature and difficulty of the tasks performed 

(Kalaycioglu, et al., 2008). Mice have also been reported to demonstrate comparable 

directional biases on different tasks, but the agreement reportedly depends on the 

ethological consequences associated with the tasks (Gasne, Millot, Brand, & Math, 2001). 

For example, tasks involving ‘survival’ responses reportedly shared a common side bias, 

whereas a task related to exploration did not reveal the same directional preference 

(Gasne, et al., 2001). 
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Manifestations of brain lateralisation relating to more fundamental functions have 

also been investigated. For example, utilising ocular manipulations in horses, Murphy and 

Arkins (2006a, 2006b) investigated the differing abilities of the brain’s hemispheres to 

process visual information relating to the perception of depth. They observed the jumping 

kinematics of horses negotiating an obstacle under various visual conditions – left 

monocular vision, right monocular vision, and binocular vision, noting that male horses 

performed more inaccurate jump stride kinematics and commenced the jumping action 

closer to the hurdle than the female horses. Their suggestion was that there may be subtle 

differences between the abilities of male and female horses in the processing of visual 

information and that, in male horses, this ability may be dependent on the hemisphere 

that processes the visual input. Some studies have also reported associations between 

paw preference and immune function in mice (Fu et al., 2003; Neveu, 1996) and dogs 

(Quaranta et al., 2006; Quaranta, Siniscalchi, Frate, & Vallortigara, 2004), which indicates 

that this physiological function may be lateralised to one of the brain’s hemispheres.  

Understanding the impact of cerebral lateralisation on behaviour is particularly 

interesting to researchers concerned with the domestic dog because these animals serve a 

number of important and diverse roles within the community (Svartberg, 2002). For 

example, German shepherd dogs are routinely employed as police dogs, and for this 

important task they must demonstrate specific desirable temperament traits (Slabbert & 

Odendaal, 1999). The greyhound breed is also utilised in the lucrative dog racing industry. 

For this sport, dogs must possess particular physical and behavioural traits in order to be 

successful race competitors. Racing greyhounds reportedly display certain behaviours on 
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the racetrack that may be lateralised, although this has not been investigated to date. 

Many millions of people around the world also enjoy participating in recreational activities 

involving dogs (Jones & Josephs, 2006). Dogs also serve as guide dogs for the blind, drug 

or bomb detection dogs, search and rescue dogs, therapy dogs, and working sheepdogs, 

amongst many other roles.  

Despite the widespread usage of dogs for an array of important roles within the 

community, there has been limited attention paid to the relationships between laterality 

and behaviour in this species. However, in one of the few studies conducted to date, 

Branson and Rogers (2006) reported that dogs lacking a paw preference were more likely 

to demonstrate reactivity in response to the sounds of fireworks and thunder; a finding 

with implications for service dog personnel, and of interest to pet owners. Other authors 

have noted that dogs with a stronger paw preference (irrespective of the direction of the 

preference) are more likely to complete guide dog training successfully (Batt, Batt, 

Baguley, & McGreevy, 2008a). These findings, linking lateralisation to behavioural traits in 

the domestic dog, are discussed in more detail later in this thesis.      

  



5 
 

 
 

The current thesis was interested in further delineating the impact of cerebral 

lateralisation on behaviour in the domestic dog. Furthermore, given the numerous roles 

dogs serve within the community, this thesis investigated the impact of cerebral 

lateralisation on behaviour as it relates to a dog’s ability to perform specific roles. Thus, 

the main objectives of this research were as follows:  

• To determine whether there are relationships between the preferences exhibited by 

racing greyhounds on a paw usage task and on the racetrack. Do greyhounds 

exhibit preferences for how they run on the racetrack? Do greyhounds with a 

preference for the left paw move to the left upon exiting the starting boxes at the 

beginning of a race? Is the position in which a greyhound prefers to run on the 

racetrack (i.e. - in the middle of the track, to the left of the racing field, or to the 

right of the racing field) associated with its paw preference? Is the direction in 

which a dog moves upon exiting the starting boxes associated with its overall 

running preference on the racetrack? 

• To determine whether there are relationships between the preferences exhibited by 

dogs on a paw usage task and various temperament traits. Do dogs with a 

preference for the left paw demonstrate more behaviour related to negative 

affect? Do dogs with a preference for the right paw demonstrate more behaviour 

related to positive affect? Do dogs displaying ambilaterality on a paw preference 

task differ from dogs with a preference for either the left of right paw, with respect 

to various temperament factors? 
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• To determine how monocular or binocular vision of an obstacle influences a dog’s 

ability to negotiate that obstacle. Are there differences between the left and right 

hemispheres’ abilities to perceive depth and, thus, to aid a dog in competently 

negotiating a familiar obstacle? Does monocular vision influence various jumping 

kinematics variables? 

Three studies were carried out to address the research objectives listed above. In 

the first study, paw preference variables were compared to information concerned with 

racetrack behaviour to determine whether relationships existed between motor laterality 

and the directional biases exhibited on the racetrack. In the second study, a paw 

preference task was administered to pet dogs, and owners completed a comprehensive 

questionnaire relating to their dog’s temperament and behaviour. These data were 

compared to identify whether paw preference, or the lack of such a preference, was 

associated with any of the temperament variables addressed by the questionnaire. In 

addition, owners were surveyed about their dog’s living conditions and social interactions, 

and this information was also compared to the various temperament factors. In the third 

study reported in this thesis, experienced competitive agility dogs were required to 

negotiate a low hurdle under three ocular conditions – left monocular vision, right 

monocular vision, or binocular vision. The dogs completed a number of trials under each 

condition, and these were recorded by a video camera. The footage was then transferred 

to a computer and, utilising a digitisation software package, various jumping kinematics 

variables were identified and compared across the three ocular treatment groups. Some 
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of the dogs had also previously been paw preference tested, and so it was possible to 

relate paw preferences to ocular preferences.  

Each of these studies was conducted in an attempt to gather more information 

about the possible impact of brain lateralisation upon the domestic dog. Specifically, the 

studies reported in this thesis were intended to identify if lateralisation may influence a 

dog’s ability to perform particular roles within the community. 

1.2 THESIS STRUCTURE 

This thesis comprises six chapters divided into three sections. The first section 

(Section A) includes the first two chapters. Chapter 1 provides a comprehensive review of 

the literature concerned with cerebral lateralisation, with a focus on laterality of the non-

human brain, and the relationships between laterality and behaviour. This chapter also 

describes the history of the field, beginning with its early human origins, followed by an 

introduction to some of the seminal animal laterality studies. After a discussion on the 

functions associated with each of the hemispheres, limb preferences and the fact that 

multiple manifestations of laterality can interact, are introduced.  The first chapter of this 

thesis concludes with a statement of the aims and objectives of this research. 

The second chapter of this dissertation introduces the methodological approaches 

that have been employed in the studies discussed later in the thesis. The main aim of this 

chapter is to discuss the development of the ‘Kong’ paw preference test and to provide a 

rationale for observing the manual behaviour of dogs in this way. Additionally, this 

chapter describes the administration of the Kong test in detail, so that it may be replicated 
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accurately. This includes a description of the Kong, the approach to scoring behaviour, and 

the statistical means by which paw usage data can be analysed to identify limb 

preferences. Finally, the general methodology chapter closes with an alternative approach 

to measuring paw usage in the greyhound.  

Section B of this thesis includes the three experimental chapters – Chapters 3, 4, 

and 5. Chapter 3 presents a study concerned with the influence of cerebral lateralisation 

on the racetrack behaviour of the racing greyhound. The first section of this chapter 

provides a background of greyhound racing in Australia, followed by a description of some 

of the behaviour that greyhounds exhibit on the racetrack; namely, the tendency for dogs 

to prefer a particular position on the racetrack and to move in a particular direction upon 

exiting the starting boxes. The relationship between these racetrack behaviours is then 

discussed. Following on from this, the notion that racetrack behaviour may be considered 

as a manifestation of brain lateralisation is introduced. The next section of Chapter 3 

introduces the possibility that these manifestations of laterality may also be associated 

with the paw preference measure of motor laterality. Finally, the aims and implications of 

the study are outlined in sections 3.4 and 3.5.  

The methodological approach to studying the associations between laterality and 

racetrack behaviour in the greyhound is discussed in section 3.6 of this thesis. This is 

followed by a presentation of the study’s results in section 3.8. The final section of 

Chapter 3 discusses the results of the study, addressing their implications, and also 

critiques the study and makes suggestions for future research.   
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Chapter 4 of this thesis presents a study concerned with the associations between 

motor laterality and various temperament traits in the dog. This chapter commences with 

an overview of temperament in the domestic dog, with an emphasis on its implications for 

service dog selection, as well as pet dog ownership. The approaches that have been 

employed to measure temperament in the dog are also discussed in detail. Section 4.3.1 

introduces the notion that canine temperament can be quantified with a questionnaire 

that can be administered to dog owners. The Canine Behavioral Assessment and Research 

Questionnaire (C-BARQ) and the Canine Interaction and Home Environment Questionnaire 

(CIHEQ) are introduced in section 4.5.  

The methodological approach employed to investigate the relationships between 

temperament and brain lateralisation is described in section 4.6. The results of the study 

are presented in section 4.7. Finally, the findings of the study are discussed, with attention 

paid to their implications to the community and to laterality research. The shortcomings 

of the study are also discussed, as well as recommendations for future research in this 

field. 

In Chapter 5 of this thesis, a study of ocular lateralisation is presented. The first 

section of this chapter introduces the phenomenon of ocular laterality. This is followed by 

a discussion concerned with the visual system, which includes introductions to 

stereoscopic vision, the head conformation and visual system of the domestic dog, and 

the lateralisation of visuo-spatial abilities (section 5.3- 5.5). The implications of this 

research are introduced through an introduction to the canine sport of dog agility. The 
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introductory section of this chapter culminates with an introduction to jumping kinematics 

variables and the ways in which analysis of these variables can be used to assess the 

lateralisation of the visual system.  

The jumping kinematics study involves a complex methodological approach and 

therefore, this is described in depth in section 5.9. The results of this study are presented 

in section 5.10. The discussion section of this chapter highlights some important 

methodological considerations for experimentation of this nature, and makes some 

recommendations for future research. Some concluding remarks are made in section 5.12. 

Section C of this thesis includes the general discussion and conclusion chapter. 

Chapter 6 summarises the main aims of this research and briefly reviews the main findings 

of the three studies. The findings of the present thesis are compared and contrasted to 

the existing body of literature concerned with lateralisation and, where possible, the 

findings are compared to relevant canine studies. Finally, the methodological issues 

applicable to research of this nature are considered, in the context of discussing the future 

directions of study in this field.  
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1.3 INTRODUCTION  

The specialised functions of each of the brain’s hemispheres have been 

investigated in a number of species, and the advantages and disadvantages associated 

with cerebral lateralisation have been widely discussed (Rogers, 2000; Vallortigara, 2006). 

Primates (Hopkins, Bennett, Bales, Lee, & Ward, 1993; Jaffe et al., 2006; Westergaard, 

Suomi, et al., 2003), rodents (Betancur, Neveu, & Lemoal, 1991; Cabib et al., 1995), and 

fish (Bisazza, Cantalupo, Capocchiano, & Vallortigara, 2000; De Santi, Bisazza, & 

Vallortigara, 2002; Sovrano, Dadda, & Bisazza, 2005) have received much attention within 

the field of laterality, but the study of birds has produced some of the most influential 

findings, facilitating much of the growth that has occurred in the field  (Mench & Andrew, 

1986; Nottebohm, 1971; Rogers & Anson, 1979).  

In more recent times, as the functional implications of brain lateralisation have 

become more apparent, researchers have turned their attention towards different 

species. As a consequence, domesticated species have received more attention in 

research settings, a trend that must be driven in part by our desire to understand more 

thoroughly the animals with which we live closest. For example, horses, a species 

commonly utilised for leisure and sporting pursuits, have received more attention in the 

past decade than ever before (McGreevy & Rogers, 2005; McGreevy & Thomson, 2006; 

Murphy, Sutherland, & Arkins, 2005). Likewise, the lateralisation of the cat brain has been 

studied in both natural and laboratory settings (Pike & Maitland, 1997; Yetkin, 2002). The 

domestic dog (Canis familiaris), however, has featured most prominently in recent 



13 
 

 
 

laterality research, perhaps as a consequence of the unique place that dogs have in our 

society. Dogs serve not only as companion animals, but also perform a number of working 

roles within the community. For example, dogs are utilised as guide dogs for the blind 

(Murphy, 1998), as police dogs (Slabbert & Odendaal, 1999), as racing dogs (Helton, 2009; 

Schaaf, Eaton-Wells, & Mitchell, 2009), and as agility dogs (Petitdidier, 1991), amongst 

others. 

In animal studies, brain lateralisation has typically been investigated by observing 

whether individuals display preferential usage of a particular paw or limb during the 

performance of a particular task (Wells, 2003). Preferential usage of the limbs has been 

shown to have implications for neural functioning. For example, it is held that movement 

of one limb increases activity in the contralateral motor cortex that may extend to other 

neural regions of the same hemisphere (Yousry et al., 1995). Indeed, when humans 

repeatedly move the fingers of one hand, there is an associated increase in blood flow to 

the contralateral hemisphere (Halsey, Blauenstein, Wilson, & Wills, 1979). Observations of 

limb usage can be compared to other variables, to determine whether increased neural 

activity in one of the hemispheres has implications for other functions. For example, 

studies have reported associations between paw preference and immunity in mice (Fu, et 

al., 2003; Neveu, 1996) and dogs (Quaranta, et al., 2006; Quaranta, et al., 2004), which 

indicates that neural systems related to immune function are lateralised.  

Brain lateralisation has also been studied by observing the differential responses 

elicited by stimuli perceived by each of the eyes when animals are tested monocularly. 
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This is possible because, in many species, the majority of visual input from each eye is 

processed by the contralateral hemisphere as a consequence of the cross-over of the optic 

nerves at the chiasm (Deckel, 1995; Des Roches, Richard-Yris, Henry, Ezzaouia, & 

Hausberger, 2008; Martin, 2009). For example, animals have been shown to respond 

differently to conspecifics located in the left and right visual fields (Robins, Lippolis, 

Bisazza, Vallortigara, & Rogers, 1998). Some species are more likely to direct agonistic 

behaviour towards counterparts located in one visual field, as opposed to the other, 

suggesting a differential role of each hemisphere with respect to the processing of 

emotional responses.  

1.4 LATERALISATION 

The Penguin Dictionary of Psychology defines laterality in the following way: “In 

general, the term can refer to any preference for one side of the body over the other, such 

as having a preferred hand or eye. Recently, however, it has come to be used largely to 

characterise the asymmetry of the hemispheres of the brain with regard to specific 

cognitive functions” (Reber, 1985, p.392).  

Lateralisation was once thought to be a unique feature of the human brain; a 

feature that separated humans from animals (Vallortigara, 2006). It is easy to see how this 

belief came about, as research in the field was originally focused on the study of speech 

production and handedness, usually in clinical samples (Berker, Berker, & Smith, 1986). Of 

course, subsequent research has supported the view that most, if not all, vertebrates 

possess a lateralised brain (Rogers, 2002).  



15 
 

 
 

Allocating specific functions to each of the hemispheres allows the brain to 

operate in an efficient manner and prevents the superfluous processing that would 

inevitably occur if each hemisphere was simultaneously activated in response to a 

particular stimulus (Ghirlanda & Vallortigara, 2004). Not only does this specialisation 

facilitate more efficient processing in the neural system, but it also prohibits conflicting 

responses to a particular stimulus being initiated by each of the hemispheres (Vallortigara, 

2000). Lateralisation, or hemispheric specialisation, also enables the brain to operate 

more efficiently by reducing complex tasks to a number of smaller sub-tasks that can be 

individually processed by the most appropriate hemisphere (Vallortigara, Rogers, & 

Bisazza, 1999).  

Aside from, but of course related to, the benefits associated with laterality, such as 

the efficiency of neural processing it facilitates, are a number of evolutionary advantages 

associated with possession of a lateralised brain. As an example, Rogers, Zucca and 

Vallortigara (2004) have demonstrated that lateralisation enables chicks to perform two 

important behaviours simultaneously. Lateralised chicks are able to distinguish grain from 

pebbles with the right eye (mediated by the left hemisphere, due to the almost complete 

crossover of the optic nerves at the chiasm), while concurrently scanning overhead for 

predators through use of the left eye (mediated by the right hemisphere). The ability to 

perform multiple tasks associated with survival simultaneously, obviously provides an 

organism with an evolutionary advantage, but also suggests that some species may be 

more vigilant for predators approaching from one side, which leaves them vulnerable to 

attack from the other (Lippolis, Bisazza, Rogers, & Vallortigara, 2002; Rogers, 2000). 
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However, it is widely accepted that the distinct advantages afforded to lateralised 

organisms outweigh the associated disadvantages (Rogers, et al., 2004).  

Lateralisation of the brain has arguably existed for millions of years. There is 

evidence to suggest that trilobites (Elrathia kingii), an extinct arthropod that existed from 

the Cambrian period (over half a billion years ago) to the Palaeozoic era, demonstrated 

behavioural asymmetries (Babcock & Robison, 1989). Fossilised specimens of this species 

showed a disproportionate distribution of wounds (presumably inflicted by predators) on 

the left and right sides of the body. In 69% of the 158 trilobite specimens examined, the 

wounds appeared exclusively on the right side of the body, while 27% appeared only on 

the left side of the body. Remarkably, only 4% of the trilobites sustained wounds to both 

sides of the body. Babcock and Robison (1989) suggest that predators may have preferred 

to attack this species from the right side, but it is perhaps more plausible that the 

trilobites coiled themselves, or faced predators, asymmetrically (Bradshaw & Rogers, 

1993). Another suggestion is that the trilobites’ vital organs may have been located 

asymmetrically, and thus the survival rate after attacks may have differed accordingly 

(Bradshaw & Rogers, 1993). The evidence needed to draw firm conclusions about the 

trilobites may be lost, but from this study it is clear that asymmetry, in some form, has 

important associations with survival and may have a long evolutionary history.  

Many questions still remain about how, when, and indeed why, human beings 

came to be lateralised. Fossilised Vindija neandertal teeth, dating back 32,000 years, 

indicate that behavioural lateralisation was exhibited by these hominids (Frayer, Fiore, 
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Lalueza-Fox, Radovcic, & Bondioli, 2010); however, evidence from other European 

neandertals indicates that motor laterality may have existed some 500,000 years ago 

(Bermúdez de Castro, Bromage, & Fernández-Jalvo, 1988). These studies contend that 

laterality may have been expressed as population level right-handedness in these early 

humans, which suggests that laterality may have played an important role in the evolution 

of modern man. 

Laterality seems to manifest differently in humans compared to other species, 

particularly with respect to the biased motor lateralisation that is unique to our species. 

Humans the world over demonstrate a population level bias for the dominant hand 

(Cashmore, Uomini, & Chapelain, 2008). Although there are slight differences between 

geographic regions, it is reported that approximately 90% of humans exhibit a preference 

for the right hand (Cashmore, 2009; McManus et al., 1988). Understanding the skewed 

distribution of handedness that is observed in humans is an important motivator of 

research in the field of laterality (Mohr, Landis, Bracha, & Brugger, 2003). How humans 

differ to other species is a vital part of this complex issue and, therefore, the study of 

laterality in non-human animal species is valuable, not only because it contributes to the 

understanding of the particular species being investigated, but it may also tell us 

something about lateralisation in humans. 

1.5 HISTORY  

Before delving into the wide body of literature dedicated to lateralisation in non-

human organisms, it is perhaps appropriate to first acknowledge the predecessors of this 



18 
 

 
 

field. Curiously, laterality was first discovered in human beings and the interest in animals 

evolved decades later. Therefore, the human origins of lateralisation will be discussed 

first, followed by laterality in non-humans and, finally, laterality in the domestic dog (Canis 

familiaris).  

1.5.1 Broca 

Paul Broca was the French physician and anthropologist largely responsible for 

introducing the phenomenon of laterality to the field of neuroscience. At the 1865 

meeting of the Anthropological Society of Paris, Broca made a statement that forever 

changed the way in which the brain is conceptualised. This statement, now etched in 

neuroscience history, was “Nous parlons avec l’hemisphere gauche!” We speak with the 

left hemisphere! (cited in Bianki, 1988, p.5). Broca arrived at this conclusion after 

performing autopsies on several aphasic patients. In each case, Broca noted that the 

lesions responsible for the aphasia were located in the anterior region of the brain, and 

thus formulated the opinion that frontal legions were associated with speech production 

and comprehension (Berker, et al., 1986; Bianki, 1988; Eling, 1986). Of course, this was 

entirely true; however, after further autopsies, Broca also noted that the lesions were 

located predominantly in the left side of the brain. This led him to conclude that the 

faculty of speech was located in the anterior region of the left hemisphere. As a 

consequence of Broca’s discovery, the area of the brain associated with speech, now 

defined as the pars opercularis and pars triangularis of the inferior frontal gyrus, is termed 

Broca’s Area (Dronkers, Plaisant, Iba-Zizen, & Cabanis, 2007). 
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1.5.2 Localisation 

Broca made his discovery at a time when most physicians and scientists subscribed 

to the theory of localisation. The most notable localisationist was Gall (cited in Zola-

Morgan, 1995), who developed the controversial but very widely accepted theory. 

Originally known as phrenology, localisation was based on the idea that characteristics or 

attributes could be assigned into one of two broad categories (Harris, 1999). The first 

category was termed ‘intellectual’ and included abilities such as speech, verbal memory, 

spatial ability, sense of space, and memory for people and numbers. The second category 

was ‘moral’ and included love for one’s offspring and the tendency for friendship, courage 

and destructiveness. Each of these faculties was located in a unique space in the brain, 

with the ‘intellectual’ abilities positioned in the anterior region, and the ‘moral’ abilities in 

the posterior region. Placing the ‘moral’ abilities to the back of the brain was controversial 

at the time, as these were previously thought to be located in the heart, stomach and 

intestines (Harris, 1999). In this regard, localisation represented a progression in the 

understanding of the brain. An important feature of localisation was that Gall believed 

that the strength of each faculty was associated with the size of the area it occupied in the 

brain. Additionally, the physical representation of specific abilities extended to the 

depressions and protuberances located on the cortex, as well as the skull itself (Harris, 

1999). As a result, Gall believed that it was possible to map one’s psychological profile 

through careful observation of the skull surface, or in the case of autopsies, through 

observation of the brain itself.  
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Localisation was not vastly dissimilar to lateralisation, in that both theories address 

the locality of function within the brain. However, one significant difference distinguishes 

the two theories. Laterality proposes that different functions can be located, 

independently, in just one cerebral hemisphere. On the other hand, localisation implies 

that the corresponding areas of both hemispheres are engaged for the performance of 

particular processes. Bichat (cited in Harris, 1999) defined this highly influential law of 

symmetry, which proposed that because the brain’s hemispheres are identical in 

structure, so too must they be in function. Gall (cited in Zola-Morgan, 1995) adopted this 

view and drew comparisons between the brain and other paired organs, such as the eyes. 

If one of the pair is injured, function remains possible through use of the other. Of course, 

there were cases in which Gall observed compromised function after injury to one side of 

the brain; however, he assumed this was because symmetry was essential for the 

particular function in question and that injury had diminished this equilibrium (Finger, 

2001). It was the increasing frequency of such exceptional cases that eventually brought 

about the demise of localisation. Additionally, critics noted that Gall had acknowledged 

the difficulty in defining specific areas of the brain that were responsible for particular 

functions, and yet measuring the size of these areas was the premise of the theory 

(Harrison, 1825, cited in Finger, 2001). These shortcomings undoubtedly readied the 

scientific establishment for Broca’s revelation in 1865.  
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1.6 THE TRANSITION FROM HUMAN TO ANIMAL EXPERIMENTATION 

As discussed, lateralisation was originally thought to be unique to humans and one 

of the important distinguishing differences between man and animal (Bianki, 1988). This 

assumption was almost inevitable because much of the early laterality research was 

concerned with speech production and comprehension, right handedness, tool use, and 

various other complex behaviours not typically associated with animals (Rogers, 2002). 

The clinical focus associated with Broca’s studies may also have contributed to the lack of 

animal experimentation during laterality’s first hundred years (Berker, et al., 1986; Eling, 

1986; Pearce, 2009). However, despite the slow beginnings, researchers eventually 

became interested in determining whether lateralisation occurred in all types of brains – 

human and non-human. 

The researcher credited with first reporting laterality in a non-human animal was 

Fernando Nottebohm (1971), who investigated the lateralisation of song production in the 

song bird.  Nottebohm discovered that, when the left tracheosyringeal nerves supplying 

the musculature of the avian syrinx were severed, singing performance was impaired, 

whereas severing the right nerves had no impact. This was the first study to suggest that 

the brain of non-human vertebrates is lateralised with respect to specific functions. 

Following on from this experiment were a number of studies investigating brain 

lateralisation in birds (Boxer & Stanford, 1985; Nottebohm, Stokes, & Leonard, 1976; 

Rogers & Anson, 1979), and in rats (Denenberg, Garbanati, Sherman, Yutzey, & Kaplan, 

1978; Denenberg et al., 1981). Indeed, the move from avian to rodent study marked yet 
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another progression in the field of laterality, given the structural differences that exist in 

the brains of these organisms. For example, birds do not possess the large corpus 

callosum that mammals do (Bisazza, Rogers, & Vallortigara, 1998). In the bird, the main 

commissural systems are located in the midbrain, suggesting that only lower level neural 

information is transferred between the hemispheres (Butler & Hodos, 2005). This suggests 

that higher order functions are processed in only one of the brain’s hemispheres (Andrew 

& Brennan, 1983). In addition to the lack of interhemispheric communication in the brain 

of the bird, the lateral placement of the eyes, and associated lack of binocular overlap, 

also lends evidence to support the notion that each of the brain’s hemispheres process 

information independently. This is because there is almost complete decussation of the 

optic nerves at the chiasm (Mascetti, Rugger, Vallortigara, & Bobbo, 2007), although it is 

accepted that some visual input is projected to the ipsilateral hemisphere (Rogers, 2000). 

On the contrary, mammals do possess a corpus callosum, which indicates that higher 

order information can be transferred between the hemispheres, unlike in the bird. Some 

mammalian species also have eyes that project visual input to both the contralateral and 

ipsilateral hemispheres (Bisazza, et al., 1998). Despite the structural differences that exist 

between the brains of birds and rats, there are many overlaps in the expression of 

laterality demonstrated by these species. The specificities of these overlaps will be 

discussed later in this chapter.  
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1.7 FUNCTIONS ASSOCIATED WITH THE HEMISPHERES 

The differences observed between birds and mammals undoubtedly stimulated 

interest in the influences of hemispheric specialisation in other species. A broad variety of 

species, with different brain structures, have subsequently been researched and a 

selection of these studies will now be discussed, with an emphasis on the functions found 

to be associated with each of the hemispheres.  

1.7.1 Functions associated with the left hemisphere 

The left hemisphere has been found to be associated with the production and 

perception of vocalisation in a range of species, including mice (Ehret, 1987), rats (Fitch, 

Brown, Oconnor, & Tallal, 1993) and Japanese macaques (Petersen, Beecher, Zoloth, 

Moody, & Stebbins, 1978; Petersen et al., 1984). In humans, the perception of speech and 

language is known to be right hemisphere dominant, but also involves the left hemisphere 

to some extent (Bradshaw & Nettleton, 1981), whereas the left hemisphere alone is 

responsible for the production of speech (Bradshaw & Rogers, 1993).  

Given the relationship between the left hemisphere and speech production, and 

the fact that each of the hemispheres predominantly controls the opposite side of the 

body, it is not surprising to note that the right side of the mouth has been found to move 

more than the left during speech (Graves, Goodglass, & Landis, 1982; Wolf & Goodale, 

1987). Hook-Costigan and Rogers (1998b) have extended this notion and report that 

common marmosets make larger movements with the right side of the mouth when 

making social contact calls. These authors have concluded that the left hemisphere is 
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associated with social contact communication, and argue that differences in oral 

movement are contingent on the type of vocalisation being produced. More broadly, the 

evidence seems to suggest that the left hemisphere is dominant for the expression of 

positive affect and the right hemisphere for the expression of negative affect (Davidson, 

1992b; Hopkins & Bennett, 1994).  However, there remain supporters of the right 

hemisphere hypothesis, which contends that all emotional processing occurs in the right 

hemisphere (Killgore & Yurgelun-Todd, 2007). 

An animal is said to have an eye preference if it consistently views stimuli with one 

eye rather than the other. In animals with laterally placed eyes (e.g. most avian species) a 

bias is relatively easy to observe, because individuals will generally turn their heads to one 

side to view a particular stimulus. However, in species with frontally placed eyes (e.g. 

primates), a bias is not so easy to detect and thus a monocular testing situation has to be 

constructed utilising a peephole or tube that the animal can look through with only one 

eye at a time (Rogers, Ward, & Stafford, 1994). Alternatively, monocular testing can be 

performed by temporarily suturing an eyelid closed (Ifune, Vermeire, & Hamilton, 1984), 

or by employing the use of a blindfold to limit vision to one eye (Murphy & Arkins, 2006a, 

2006b).  

Hook-Costigan and Rogers (1998a) investigated the link between emotional 

valence and eye preference in the common marmoset. They observed a population level 

right eye preference in common marmosets for viewing neutral stimuli (that is, non-

arousing stimuli), such as a banana, gold watch, beetle, the experimenter’s hand, and a 
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mirror, whereas there was a shift away from this preference when a snake model (highly 

arousing) was presented. In this test condition, the marmosets viewed the stimulus less 

and did not exhibit a preference for the right eye, suggesting that the left hemisphere may 

be linked more closely with non-arousing emotions.  

An association between the left hemisphere and positive emotion has been 

reported in humans. For example, Schiff and Lamon (1994) reported that, in humans, 

repeated contractions of the right hand were associated with the expression of positive 

emotions. This may be explained by the fact that repeated contractions of the hand 

results in greater neural activity in the contralateral hemisphere (Yousry, et al., 1995). In 

the case of Schiff and Lamon’s study, the neural activity caused by repeated right hand 

contractions would have occurred in the left hemisphere. 

Positive emotions have been linked with approach behaviours, whereas negative 

affect has been linked with avoidance behaviours (Davidson, 1992b). Accordingly, it may 

be assumed that the left hemisphere is associated with approach behaviours. Hopkins and 

Bennett (1994) investigated approach and avoidance behaviour in chimpanzees and found 

that right handed chimpanzees approached and touched novel objects more readily than 

did their left handed counterparts. Similarly, Cameron and Rogers (1999) conducted an 

experiment with common marmosets and reported that right handed marmosets were 

faster to enter a novel environment and touched more objects than did their left handed 

conspecifics.  
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Another important function of the left hemisphere is the role it appears to play in 

the inhibition of fear and attack behaviours. There is mounting evidence suggesting that, 

for these types of behaviour, the right hemisphere initiates the response, while the left 

hemisphere inhibits it. For example, muricide (mouse killing) by rats is elevated when the 

left hemisphere is lesioned, but not when the right hemisphere is (Garbanati et al., 1983). 

This suggests that, for intact rats and rats with a right side lesion, the left hemisphere 

inhibits the attack response initiated by the right. In other studies, researchers have found 

that the left hemisphere is responsible for the suppression of attack and copulation 

behaviour, and also for the moderation of visual and auditory learning in chicks (Howard, 

Rogers, & Boura, 1980). The brains of immature chicks were treated pharmacologically to 

selectively ablate one or the other hemisphere. Glutamate was employed for ablating the 

hemisphere, and saline was utilised as a control agent. In each of the study’s conditions, 

both hemispheres were treated with either saline and/or glutamate. That is, chicks 

received either: glutamate into the left hemisphere and saline into the right hemisphere, 

saline into the left hemisphere and glutamate into the right hemisphere, glutamate into 

both hemispheres, or saline into both hemispheres. The chicks were then tested on a 

number of behavioural tasks, including visual discrimination, auditory habituation, and 

attack and copulation. The results indicated that left hemisphere glutamate treatment 

retarded visual discrimination learning. The left hemisphere was also found to be 

lateralised for auditory habituation learning, with performance on this task significantly 

affected by the administration of glutamate to the left hemisphere. Likewise, bilateral 

administration of glutamate produced learning deficits, whereas treatment to the right 
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hemisphere alone did not produce learning impairments. Together, these findings lend 

support to the notion that the left hemisphere modulates both visual and auditory 

learning. Additionally, elevated copulation and attack behaviour was observed in those 

chicks that received glutamate treatment to the left hemisphere. Such increased 

behaviour was not observed in those chicks treated to the right side of the forebrain, nor 

to those treated bilaterally with saline. There was some elevation in attack behaviour 

exhibited by chicks treated bilaterally with glutamate, but no increase in copulation 

behaviour. The inference that can be made here, then, is that an imbalance is produced by 

administering glutamate to the left hemisphere, which facilitates attack and copulation 

behaviour. Specifically, as also observed by Garbanati et al. (1983), the ability to suppress 

attack and copulation behaviour is compromised by pharmacological or surgical treatment 

of the left hemisphere.   

The body of research discussed above demonstrates not only the left hemisphere’s 

inhibitory capabilities, but also the role it plays in the expression of positive affect. Of 

course, it is likely that these two functions are intrinsically linked, with the expression of 

positive affect likely to be facilitated by the simultaneous suppression of negative affect. 

Moreover, the left hemisphere’s role in visual and auditory learning has been 

demonstrated to be independent of the right hemisphere, and this highlights the contrast 

between these functions and the emotion-based faculties, which appear to rely on both 

hemispheres for expression and suppression. 
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1.7.2 Functions associated with the right hemisphere 

The right hemisphere is involved in a number of spatial and emotional responses 

(Bisazza, et al., 1998). Most studies favour a link between negative emotions and the right 

hemisphere (Schiff & Lamon, 1994). For example, in a study of humans that employed 

electroencephalography to monitor brain activity, Davidson (1992b) reported that the 

right hemisphere is dominant for negative affect and withdrawal behaviour. It appears 

that many primate species also experience the lateralisation of negative emotions to the 

right hemisphere. Hauser (1993) notes the contribution of the right hemisphere to the 

expression of emotion in rhesus monkeys. Using a frame by frame analysis of video 

footage, the author observed that the left side of the face moves first and is more 

expressive. Whilst this study did not specifically investigate the differences between 

positive and negative emotions, the author acknowledged that the facial expressions 

analysed were all agonistic, with the exception of one copulation grimace. Similarly, split-

brain rhesus monkeys made more species-specific facial expressions when viewing video 

footage of high emotional valence with their left eye, than with their right (Ifune, et al., 

1984). The authors of this study contend that the video was either perceived more 

effectively by the right hemisphere, or the monkeys simply reacted more strongly when 

viewing with the left eye, or both. In humans, it has been shown that, when viewed with 

the left eye, video footage is given a much more negative appraisal than when viewed 

with the right eye (Dimond, Farrington, & Johnson, 1976).  
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The negative emotion of fear has also been associated with the right hemisphere 

(Andrew & Brennan, 1983; Phillips & Youngren, 1986). Injecting kainic acid into the corpus 

striatum of five day old domestic chicks reduced distress calls, depending on which 

hemisphere was treated (Phillips & Youngren, 1986). Those chicks that received right 

hemisphere ablation peeped significantly less than did those with ablations in the left 

hemisphere, and also spent less time scanning their environment. These findings indicate 

that the right hemisphere was responsible for producing the fear behaviour observed in 

the left hemisphere treated group.  

Rogers (2000) argues that, in many species, there is a tendency to approach or 

attack conspecifics that are located on the left side, with apparently little processing, 

indicating that the right hemisphere attends to novelty and governs immediate, rapid 

responses to stimuli. Primates, such as gelada baboons, display a left visual field 

preference for directing agonistic behaviour (Casperd & Dunbar, 1996). Males of this 

species orient their head in such a way that their opponent is perceived by the left eye, 

and thus visual input is processed by the right hemisphere. The authors reported that the 

level of left visual field preference was dependent upon the emotional level of the 

encounter. That is, each encounter was classified as either fight (high emotional level), an 

exchange of threats (medium emotional level), or an approach (low emotional level). High 

and low emotional contexts produced the strongest left visual field bias whereas, during 

medium emotional encounters, the left visual field bias was still dominant, but not as 

prevalent as in the other two contexts. The authors suggested that an opponent’s 

intentions may be hardest to interpret when they are not acting in a threatening manner 
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(i.e. during low emotional approach behaviour), and so there would be greater 

uncertainty and a need to undertake more extensive visual assessment of the conspecific. 

A left side preference for directing aggression has also been observed in species 

such as toads and lizards. Different species of lizard have also been shown to direct 

aggression toward conspecifics located in the left visual field (Deckel, 1995; Hews & 

Worthington, 2001). Likewise, Robins et al. (1998) reported that South American cane 

toads are more likely to perform tongue strikes at conspecifics located in the left visual 

field. Chicks that have been treated with testosterone will perform more attack and 

copulation behaviours when tested binocularly, or monocularly with the left eye, as 

opposed to the right eye (Rogers, Zappia, & Bullock, 1985).  

The stress hormone systems, the hypothalamic-pituitary-adrenocortical and 

sympathetic-adrenomedullary axes, have been shown to be lateralised to the right 

hemisphere (Hecht, 2010; Wittling, 1997). For example, one study has reported that when 

people viewed emotionally aversive video footage with their left eye, there was an 

increase in cortisol secretion, whereas viewing the footage with the right eye had no 

effect (Wittling & Pfluger, 1990). Similarly, after performing a challenging task, right 

hemisphere unilateral stroke patients demonstrated a reduced response by the 

hypothalamic-pituitary-adrenocortical axis, compared to the left hemisphere injured 

group, which supports right hemisphere dominance for the control of cortisol secretion 

(Lueken et al., 2009). A review by Hecht (2010) links the imbalance between the left and 

right hemispheres, and particularly hyperactivity of the right hemisphere, with depression.     
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As discussed, the right hemisphere has been found to be dominant for spatial 

abilities in many species, including rodents, primates and fish. For example, Sovrano, 

Dadda and Bisazza (2005) demonstrated that lateralised Girardinus falcatus fish were 

more proficient at reorienting themselves than their nonlateralised counterparts. Tests 

were conducted in two tanks: one containing salient features and geometric cues, and the 

other containing salient features with no geometric cues. The authors noted that laterality 

conferred advantages with respect to both of types of cues. Similarly, King and Corwin 

(1992) demonstrated that, in the rat, right side posterior parietal lesions produce 

significant performance deficits on an allocentric spatial task, whereas left side lesions 

produce no deficits.  

Higher order species also experience asymmetrical spatial functioning, and links 

between particular spatial demands and manual laterality have been studied. For 

example, capuchins, a primate species, exhibit manual preferences that are dependent on 

the manipulo-spatial demands of the task (Lacreuse & Fragaszy, 1999). When performing 

explorative tasks, capuchins exhibit greater left hand usage, as opposed to when 

performing simple reaching tasks, irrespective of the availability of visual cues. The 

authors of the study contend that the preference for left hand usage during exploration 

indicates right hemisphere dominance for the processing of more complex spatial 

information.  

The studies introduced above all lend support to the notion that the right 

hemisphere is sensitive to emotional stimuli, and governs affective responding. Attack 
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behaviour has been shown to be directed to other organisms located in the left visual field 

more frequently than to those in the right visual field (Casperd & Dunbar, 1996). The left 

side of the face, controlled by the right hemisphere, has also been shown to move first 

and to be more expressive, particularly during the display of agonistic facial expressions 

(Hauser, 1993). Spatial ability has also been associated with the right hemisphere, with 

use of the left eye shown to improve performance on a number of spatial tasks (Sovrano, 

et al., 2005); however, the manipulo-spatial demands of a given task have also been 

shown to be important to its lateralisation (Lacreuse & Fragaszy, 1999). 

1.8 MOTOR LATERALITY 

The lateralisation of function has been investigated utilising a number of 

methodological approaches. Researchers have observed behavioural differences during 

monocular testing conditions, observed turning biases, and observed the differential 

changes in behaviour resulting from damage to the left and right hemispheres. Likewise, 

the observation of hand or paw preferences allows the hemisphere that is dominant for 

motor function to be identified. The identification of hand or paw preferences as an 

indicator of hemispheric asymmetry has become popular, and the association between 

these preferences and other factors has been investigated in many species.  

1.8.1 Limb preferences 

Resonating throughout the literature concerned with lateralisation in non-human 

animals is the desire to understand the ways in which manual laterality differs between 

humans and other species. It is clear that most vertebrate species exhibit brain 
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lateralisation, but the evidence indicates that the influences of laterality on behaviour are 

different for animals and humans (Papademetriou, Sheu, & Michel, 2005). Humans 

demonstrate the same side bias across multiple manual tasks, whereas in animals there 

appears to be some degree of task dependence, but the boundaries of this concept are 

undefined. Perhaps most notably, humans appear to be the only species demonstrating 

such a skewed distribution of handedness, with up to 90% of the population 

demonstrating a right hand preference (Cashmore, 2009). Presented below is a brief 

explanation of the current state of the literature regarding manual laterality in non-human 

animals.  

1.8.2 Limb preferences and the study of animals 

Asymmetrical limb usage has been observed in a number of animal species. The 

humpback whale demonstrates, amongst other behavioural biases, preferential flipper 

use (Clapham, Leimkuhler, Gray, & Mattila, 1995). Japanese jungle crows display foot-use 

biases (Izawa, et al., 2005), and even trunk use in wild Asian elephants has been shown to 

be lateralised, with individuals exhibiting directional preferences for twisting their trunk 

when making contact with, reaching for, and retrieving, objects (Martin & Niemitz, 2003). 

Toads exhibit behavioural asymmetries, displaying individual preferences for forelimb 

usage (Robins, et al., 1998). Different breeds of performance horse have also been 

studied, and it is suggested that forelimb biases may be expressed differently between 

varieties (McGreevy & Thomson, 2006). That is, it is suggested that some breeds of horse 

may have inadvertently been selectively bred for laterality, or ambilaterality, due to the 
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nature of the work they perform. Selective breeding for laterality is possible and routinely 

practised in laboratory mice colonies (Collins, 1991), although it is not known whether this 

is possible in horses.  

In addition to the lateralised limb usage observed in the species discussed above, 

lateralised limb usage has also been studied in the more traditional laboratory species. 

Many primate species have been shown to demonstrate limb preferences that are 

consistent at the level of the individual, but it seems that the limb employed is dependent 

on the type of task being performed (Cashmore, et al., 2008). For example, hand 

preferences have been observed in a population of mountain gorillas performing naturally 

occurring tasks, but the preferences were dependant on the type of task being performed, 

and on the task’s difficulty (Byrne & Byrne, 1991). It was noted that the easiest tasks 

produced the most inconsistent hand biases, whereas the more complex tasks elicited 

consistent limb usage. The authors also noted that, for some of the observed tasks, both 

hands were employed in a complementary manner, which made it difficult to determine 

which hand was dominant. For example, the gorillas consistently utilised one hand to hold 

a branch, whilst the other was simultaneously employed for the performance of fine 

finger movements, such as the removal of leaves from the branch. Annett and Annett 

(1991) recorded unilateral hand usage during feeding in gorillas. They observed the hand 

used to transport food from the ground to the mouth and reported that individuals 

demonstrated a consistent bias across trials but, in agreement with the findings of Byrne 

and Byrne (1991), noted that there was no evidence of population-level laterality.  



35 
 

 
 

The studies discussed above report consistent individual level handedness for 

particular tasks, but some studies have also reported task dependant population level 

handedness. For example, Hopkins et al. (1993) reported a population level left hand bias 

for carrying objects, and a right hand bias for the initiation of movement, in the bonobo. A 

trend towards right handedness for gesturing in chimpanzees has also been reported 

(Hopkins & Leavens, 1998). Population level laterality for a particular task has also been 

observed in spider monkeys (Laska, 1996). The spider monkeys were tested on three 

different food reaching tasks that required either visual or tactual guidance, and each task 

produced a population level left handedness. While these results indicate consistent hand 

usage across tasks, it is important to note that the tasks were still quite similar, all being 

concerned with reaching for food. Despite the range of species studied, and the array of 

tasks employed, the degree of inter-task consistency seen in humans has not yet been 

observed in other primate species (Cashmore, et al., 2008).  

As evidenced by the studies described above, the list of species known to 

experience hemispheric specialisation is well populated and many researchers now agree 

that most, if not all, animals are lateralised to some degree (Rogers, 2002). Accordingly, 

the focus is now on determining what influences lateralisation has on the functioning of 

particular animal species.  

1.8.3 Limb preferences in domestic animals 

The focus of this thesis is the impact of cerebral asymmetry on the behaviour of 

the domestic dog. Domestic animals have featured prominently in the field of laterality, 
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which is most likely a combination of the fact that domestic animals are readily accessible, 

and that humans have a desire to understand those organisms to which we live closest. 

Evidently, the domestic cat featured in one of the earliest papers investigating laterality in 

non-human animals. Two of the earlier studies that investigated motor bias in cats will 

now be discussed; however, there are other interesting studies that have examined 

lateralisation in the cat (e.g. Wells & Millsopp, 2009; Yetkin, 2002). Cole (1955) tested 60 

cats on a task requiring them to reach into a glass jar to obtain a food reward. One 

hundred observations were made for each cat, with 75 or more uses with the same paw 

identifying that cat as biased towards use of one paw. According to this definition, 58% of 

the cats demonstrated a paw preference, with the remaining cats deemed ambilateral. 

Left paw usage was more common (though not largely), with no significant effect of sex. 

Pike and Maitland (1997) observed similar findings in their study of cats. Cats were 

required to reach into a carton to obtain food, which was similar to the task employed in 

Cole’s (1955) study; however, only 60 observations of paw preference were made. The 

findings of this study were largely in agreement with Cole’s, in that there was no 

population level pawedness and no sex effect. However, more cats in this study exhibited 

a paw preference (90% of the 48 cats tested), and the distribution between left and right 

pawed individuals was almost equal (46% right paw preferent, 44% left paw preferent). It 

should be noted, however, that the determination of paw preference utilised in Pike and 

Maitland’s study differed slightly from that of Cole’s, which may have contributed to the 

differing distributions of paw preferences observed in each study. A test of paw 

preference stability was also introduced in the latter study, with three testing sessions 



37 
 

 
 

being performed over a ten week period. There were no significant differences between 

the biases expressed at each test session, and this suggested that preferences remain 

stable over time.  

Quaranta et al. (2004) investigated the relationship between paw use and 

immunity in a sample of 80 domestic dogs. The dogs, all sexually intact, ranged in age 

from one to five years and included both mixed and pure breed varieties. The paw 

preference task required the dogs to remove adhesive tape from the bridge of the nose. 

Each attempt performed within a two minute time limit was recorded as either a left or 

right paw usage. Individuals were categorised as left pawed, right pawed, or ambilateral. 

Six dogs displaying a significant preference were drawn from each of the groups, and 

blood samples were collected to enable the haematological parameters associated with 

the immune system to be evaluated.  The authors reported that the percentage of 

lymphocytes was higher in left pawed dogs than in the other two groups, whereas the 

right pawed and ambilateral dogs had higher percentages of granulocytes than the left 

pawed group. Additionally, Quaranta et al. observed that male dogs preferred use of the 

left paw, whereas females preferred use of the right paw. Briefly, Wells (2003) reported 

similar findings regarding differing paw preferences between male and female dogs. She 

also reported that male dogs preferred to use the left paw and females preferred to use 

the right paw.  

Aydinlioglu et al. (2006) investigated the differences in the hippocampus across sex 

and paw preference groups, in a sample of domestic dogs. Twenty dogs were tested for a 
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paw preference on a food reaching task, and then killed. Brains were removed and 

weighed, before being dissected for the purpose of investigating the hippocampus. The 

authors found no weight difference between the left and right hippocampi, but did note 

that females were more likely to be left pawed and males right pawed. These findings 

contradict those of Quaranta et al. (2004) and Wells (2003), but it is noted that the 

methodological approach of each of these studies differed considerably.  

In an attempt to delineate the contention in the field concerning the relationship 

between sex and paw preference, Poyser et al. (2006) investigated the distribution of paw 

preference in a sample of 79 male and female dogs. The dogs were tested on three paw 

preference tasks: a task requiring the dog to remove a piece of tape from the bridge of the 

nose, a task requiring the dog to hold down a rawhide treat while it attempted to chew it, 

and a task where the paw used by the dog to ‘hit’ a ball was observed. No sex differences 

were observed, with the exception being that male dogs performed more left paw uses on 

the ball task in the early trials, although it was noted that the frequency of left paw use 

declined over repeated trials. The authors suggested that this may be the consequence of 

the right hemisphere’s dominance for responding to novelty. In the early test sessions, the 

ball task was novel and potentially exciting to the dogs (which were housed in a shelter 

environment and thus received little human contact), but after repeated exposures, the 

novelty associated with the task may have declined.  

More recent research by Quaranta et al. (2008) investigated the relationship 

between paw preference and immune-regulatory proteins. Interleukin-2 (IL-2) and 
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interleukin-6 (IL-6) genes were measured in a sample of 18 dogs. The dogs were then 

tested on a task requiring them to remove adhesive tape from the bridge of the snout, 

and were subsequently classified as left pawed, right pawed or ambilateral. A rabies 

vaccine was then administered to the dogs, and the expression of IL-2 and IL-6 genes was 

compared for each of the three groups of dogs. The results showed that baseline levels of 

IL-2 and IL-6 were higher in the left pawed group. However, after treatment with the 

rabies vaccine, the expression of these genes was reduced in the left and right pawed 

dogs, but not in the ambilateral dogs. These findings lend support to Quaranta et al.’s 

(2004) earlier work which demonstrated that the immune system may be lateralised in 

dogs.  

Batt et al. (2008a) studied the factors associated with the successful completion of 

guide dog training in a sample of 43 Labradors and golden retrievers. Potential guide dogs 

were tested on a number of tasks, and the results were compared to each dog’s ultimate 

success or failure in the training program (determined, subjectively, by an experienced 

member of staff). The significant factors were paw preference, behavioural reactivity, and 

cortisol concentrations. Each of these variables was assessed at three separate time 

points: when the dogs were six months of age, fourteen months of age, and between 

fourteen and twenty months of age. Two tests of motor lateralisation were carried out at 

each of the time points. One was a tape test, similar to that employed by Quaranta et al. 

(2004), although Batt et al. did not employ the two minute time limit suggested by 

Quaranta et al., but rather recorded the paw used across 26 trials. The second assessment 

of motor laterality employed in the study was the Kong paw preference test, which is 
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described in detail in the general methodology section of this thesis (see Chapter 2). When 

assessed at the first time point, paw preference did not predict a dog’s future success as a 

guide dog; however, at the second time point, the paw preference observed on the tape 

test, the rate at which both paws were utilised during the Kong test, as well as the results 

of one of the behavioural assessments, predicted success with 100% accuracy. Successful 

dogs demonstrated a strong paw preference (regardless of the direction), a low rate of 

both paw usage during the Kong test, and a lack of leash pulling during the dog distraction 

test. The factors found to influence the probability of success determined at the third 

testing session were the rate at which both paws were used during the Kong test and the 

coat colour of the dog. The authors concluded that fourteen months of age was the most 

appropriate age at which to test the dogs, in order to make an accurate prediction about 

their future success.  

There are some methodological difficulties associated with Batt et al.’s (2008a) 

study that may have influenced the findings. One of the motor laterality measures 

employed in the study, the rate at which both paws were used while manipulating the 

Kong, was determined by dividing the frequency of both paw usage by the total time the 

dog was viewed interacting with the Kong. This approach was employed because the 

decision to include this measure was made after the data collection had taken place. 

Therefore, observations of both paw usage were performed retrospectively, using video 

footage of each testing session. This proved problematic because the authors reported 

that, in the majority of cases, the dogs paws were obscured by its body position. While the 

experimenter could move around the dog in order to view the paw usage, the video 
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camera was in a fixed location. Given that the authors report that each dog’s paws were 

not visible to the camera for 72.10% ± 1.81% of the testing time, the findings associated 

with this measure may be questionable. Another difficulty associated with a study of this 

nature is the subjectivity of the determination of success and failure of the dogs in the 

training program. The authors reported that the reasons for failure included, amongst 

others, anxiety, body sensitivity, pulling, scent distraction, and temperament, and note 

that these were all based on subjective decisions made by individual trainers. The 

inclusion of an objective assessment would improve the study, but may be difficult given 

the complexity associated with guide dog selection. 

1.8.4 Associations between multiple measures of laterality 

Different measures of laterality have been found to be associated. That is, in some 

species, the side bias expressed on one task is often related to the side bias expressed on 

another. For example, Gasne et al. (2001) tested BALB/c mice on three tasks that 

facilitated the expression of behavioural laterality in differing ways. The three tasks were 

the rotary swimming test (RST), the Collins paw preference test (PPT) and the T-maze test 

(TMT). A significant positive correlation between the side biases expressed on both the 

RST and PPT was found, but the scores obtained on the TMT were not correlated with the 

RST or PPT. The authors suggest that this may be the result of the strong ethological 

consequences associated with the RST and PPT, as opposed to the TMT. The RST and PPT 

tasks both involved a ‘survival’ element; the RST required the immediate and obvious 

survival response of swimming, and the PPT required the mice to reach for food after a 12 
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hour fasting period. The TMT, however, posed no immediate threat to the animals, and 

was not otherwise associated with any obvious survival response. The difference in 

motivation between the tasks may be important in light of the fact that the neural 

pathways associated with survival, the limbic and striatal systems, are known to be 

lateralised (Castellano, Diazpalarea, Rodriguez, & Barroso, 1987; Dantzer, Tazi, & Bluthe, 

1990; Dekosky, Heilman, Bowers, & Valenstein, 1980). Negotiating the TMT would not 

activate the same neural systems that completion of the RST and PPT would, which 

suggests that laterality may be expressed more consistently in situations of high arousal 

(Gasne, et al., 2001).  

Relationships between spontaneous turning behaviour, handedness, and cerebral 

dopamine asymmetries have been investigated in humans (Mohr, et al., 2003). Right 

handed people preferred left turning, and non-right handed people preferred right 

turning. As a result, the authors of the study proposed a link between handedness and 

dopamine asymmetry, a claim that is in line with several animal studies that have 

identified a relationship between turning behaviour and cerebral dopamine asymmetry 

(Brunner & Gattaz, 1995; Lindemann, Lessenich, Ebert, & Loscher, 2001). While 

hemispheric dopamine asymmetries are beyond the scope of this thesis, the suggestion of 

a link between turning direction and handedness is of great interest because it provides 

evidence to support the notion that relationships may exist between different behaviours 

that are governed by a lateralised brain. In particular, a directional bias, such as turning 

preference, is of interest given its potential relatedness to a greyhound’s directional biases 

on the racetrack.  
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Finally, Casey and Martino (2000) found a strong relationship between two 

lateralised behaviours in the domestic chick. These researchers investigated foot use and 

rotary bias in chicks, 48 to 96 hours post-hatching. They observed a strong population 

level bias for left foot use and right turning behaviour, and suggested that this may be 

associated with the chicks’ hatching behaviour and the asymmetrical visual stimulation 

received prenatally. Obviously, the manifestations of brain lateralisation may be 

expressed differently in chicks and dogs, but Casey and Martino’s study indicates that 

inter-task consistency can be observed in non-human species. 

Research concerned with inter-task consistency is relatively sparse in dogs, but a 

few recent studies have investigated this concept, and the findings appear to align with 

those of the non-canine species. For example, Branson and Rogers (2003) studied the 

relationship between the paw that dogs used to hold a Kong steady and the direction in 

which they circled when excited. Although only a pilot study, the researchers observed 

that the male dogs in the sample displayed an opposite side bias for each of the 

behaviours, whereas the females displayed the same bias for both behaviours. 

Subsequent research may have confirmed this relationship, but Branson and Rogers 

(2006) did not investigate this any further in their subsequent study. 

Wells (2003) found an inter-task correlation between the paw preferences 

expressed by dogs across tasks of manual laterality. On a paw lifting task (PLT) and a food 

retrieval task (FRT), Wells observed that the paw preferences expressed by dogs were 

positively correlated and statistically significant. Likewise, there was a significant positive 
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correlation between the scores obtained on Wells’ blanket removal task (BRT) and her 

FRT. Despite no correlation existing between the PLT and BRT, these findings support the 

notion that various measures of laterality may interact to some degree, but may depend 

on the nature of the task.  

Poyser et al. (2006) tested 79 dogs on three tasks designed to facilitate motor 

laterality.  The first was a ‘chew’ task, whereby the amount of time that each forelimb was 

in contact with a food object was compared, to identify a paw preference. The second task 

was a replication of that employed by Quaranta et al. (2004), which required dogs to 

attempt to remove a piece of adhesive tape from the bridge of the nose. The first paw 

lifted in an attempt to remove the tape was recorded and the tape was then removed by 

the experimenter. This task was repeated no more than four times daily, until 20 

observations were made for each dog. The third task (ball task) was used to detect paw 

preference through timing the latency for each paw to be used when manipulating a novel 

object, which was an activity ball filled with various food treats. The dog needed to ‘hit’ 

the ball around in order to obtain the food treats inside, which would fall out at random 

intervals. The paw used to hit the ball for the first 20 trials was also recorded. This data 

was collected daily for six days, or until the dog could no longer be tested, due to 

disinterest or as a result of being removed from the study. The experimenters found no 

population level paw preference for any of their experimental tasks, a finding that is in 

agreement with other canine laterality studies. Similarly, consistent within-individual 

laterality across all three tasks was not observed. There was, however, a positive 

correlation between the paw preferences observed in the ball task and tape removal task, 
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which indicates that various tasks may be related, although the reasons for this are 

unclear.  

The studies discussed above all lend support for the notion that multiple tasks can 

produce related manifestations of laterality, in canids. The boundaries of this 

phenomenon are undefined at this time, in so much that there does not appear to be an 

obvious link between the tasks that have been found to be associated. For this reason, 

further experimentation is warranted, but will be largely exploratory, until the limitations 

and conditions of the relatedness between tasks can be defined.   

1.9 SUMMARY 

Chapter 1 has reviewed the literature concerned with the impact of brain 

lateralisation on the functioning of organisms, and discussed some of the mechanisms 

underlying this phenomenon that may explain why various manifestations of laterality are 

related. The research discussed thus far has successfully associated a number of functions 

with either the left or right hemisphere, in an array of species. These functions include 

particular emotional traits, but also include more fundamental faculties, such as various 

motor and sensory abilities. The evidence presented has also suggested that the bias 

expressed on one lateralised task may be related to the bias expressed on another 

lateralised task.  

Notwithstanding what has been discovered about brain laterality from the study of 

animals, the attention paid to the domestic dog has been somewhat limited, despite the 

fact that research of this nature may have important implications for our understanding of 
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this species. Additionally, the review of literature suggests that a number of functions that 

are important to our interactions with dogs are specialised to one of the canine brain’s 

hemispheres, and this warrants further investigation into the impact of laterality on this 

species. 

The following chapter will describe the development of the methodological 

approach employed to examine paw preference in the domestic dog in the studies 

reported in this thesis.  
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Chapter 2 

General Methodology 

2.1 INTRODUCTION 

This chapter will discuss some of the methodological approaches employed to 

study paw preferences in the domestic dog in the field of laterality to date, before 

describing the techniques utilised for the studies reported in this thesis.  

2.2 PREVIOUS METHODS FOR OBSERVING LATERALITY IN DOGS 

Although the published literature describing laterality in the domestic dog is still 

relatively sparse, the experiments carried out to date have employed a range of differing 

methodologies. The first published study investigating laterality in the dog was carried out 

by Tan (1987). Tan investigated the distribution of paw preference in 28 dogs, employing a 

task requiring them to remove an adhesive plaster that had been placed over their eyes. 

Each intentional attempt to remove the plaster from the eyes using a paw was counted. 

Left and right paw ‘reaches’ were recorded separately until the total number of responses 

reached 100. Tan used a binomial test for large samples to assess the significance of the 

difference between the frequencies of left and right paw uses, and thereafter categorised 

each dog as left pawed, right pawed, or ambilateral.  

The task employed to identify hand or paw preferences may significantly affect the 

preference observed. Indeed, Tan’s (1987) decision to induce paw use through the 

placement of adhesive tape over the eyes may have affected the findings. Given that 
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some correlation has been found between lateralisation and stress (Westergaard, Lussier, 

Suomi, & Higley, 2001), testing the dogs on a task that was potentially stressful may have 

influenced the results. It is also possible that the tape irritated one side of the dog’s face 

more than the other, or that it was placed asymmetrically on the face, which would have 

encouraged use of one paw more than the other. Furthermore, based on the principle of 

negative reinforcement, it is possible that the first behaviour employed by the dog to 

remove the unpleasant stimulus would have a greater likelihood of being repeated in 

subsequent trials. As such, the level of subsequent response variability may have been 

experimentally diminished by this technique. Nonetheless, Tan’s study was the first to 

investigate paw preference in the domestic dog, and provided a sound methodological 

approach for measuring paw use and for statistically identifying limb preferences. 

Aydinlioglu et al. (2000) tested 21 dogs on a food reaching task. Each dog was 

fasted for a few hours prior to the daily testing session, after which time it was partially 

restrained by a leash and collar. A bowl of food was placed just out of the dog’s reach, 

which meant that the dog had to reach for the food with an extended paw. The first paw 

used by the dog in an attempt to reach the food bowl was recorded over multiple trials. 

Further details of the procedure are unclear because little information regarding the paw 

preference testing was provided in the published article; however, the information 

provided above was described by the author in a personal communication (June 2009). 

This methodological approach was novel, as it was the first to introduce the use of food in 

a measure of paw preference. One confounding factor of the procedure may have been 

the influence of the collar and leash on the dogs’ behaviour. The point at which the leash 
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connected to the collar may have been located either to the left or right side of the dog’s 

neck. Consequently, the pressure from the tightened leash may have been asymmetrically 

distributed on the dog’s neck, which may have influenced its paw use by turning it in one 

direction or the other. A task requiring dogs to reach for food without the potentially 

confounding influence of restraint would be more appropriate. 

Wells (2003) set out to explore paw preference in 53 dogs; specifically, the 

relationship between the scores obtained on three different tests of manual laterality. The 

first task required the dog to lift a paw upon request (to ‘shake hands’), the second task 

involved the dog removing a blanket from over its head, and the third task involved the 

dog using one of its paws to retrieve a food reward from a small metal can. For each of the 

tasks described, only the first paw used in an attempt to complete the task (i.e. to ‘shake 

hands’, to remove the blanket, or to retrieve the food) was recorded as an incidence of 

paw use. Therefore, after a single observation of paw use that particular trial was 

terminated. If the dog attempted to remove the adhesive or blanket, or to retrieve the 

food reward by any means other than with a paw, no response was recorded and the dog 

was retested. Wells (2003) recorded 100 responses per task for each dog in the study and 

calculated binomial z-scores to determine whether the frequencies of left and right paw 

usages differed from that which would be expected by chance. She considered a z-score 

over +1.96 as significantly left pawed and a score less than -1.96 as significantly right 

pawed. All those dogs with z-scores between -1.96 and +1.96 were classified as 

ambilateral. Wells also calculated a Laterality Index (LI) in order to situate each dog’s 

preference along a continuum extending from strongly left paw preferent to strongly right 
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paw preferent. This index ranged from +1 to -1 and was calculated by dividing the 

difference between the left and right paw uses, by their sum [(L – R)/(L +R)]. In order to 

study the relationship between the scores dogs obtained on the three different tasks, 

Pearson product-moment correlation coefficients were calculated. 

Wells’ (2003) study, while innovative and an important contribution to the study of 

lateralisation in the domestic dog, may have been confounded by several methodological 

difficulties. For example, it is possible that two of the three tasks did not measure a true 

side bias. The dogs used in the study were selected based upon their ability to offer a paw 

on command; that is, the dogs could ‘shake hands’ when asked. Employing rigid exclusion 

criteria relating to a dog’s ability to perform a learned task would have eliminated many 

dogs, and this may have altered the findings. This is because dogs would have required 

some level of training in order to be able to offer a paw on command, and this training 

would have involved some form of positive reinforcement, which leads to a higher 

probability of the behaviour being repeated. Therefore, during the test task each dog may 

have offered the paw that had previously been reinforced during training, and not its 

preferred paw. It is thus recommended that measures that can be administered to 

untrained dogs be employed.  

The second task that Wells (2003)  employed involved placing a blanket over the 

dog’s head and observing which paw was the first utilised in an attempt to remove it. The 

methodological difficulty in this experiment is that the results may have been influenced 

by the fact that the task would have been stressful to the dogs. Given that emotionality is 
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related to lateralisation in some species (Westergaard, et al., 2001), the results of this 

measure could be confounded. Moreover, given that there were 100 repetitions of the 

task, it is possible that a learning effect occurred whereby the first paw successfully 

utilised to remove the blanket may have been employed consistently thereafter. However, 

it must be acknowledged that Wells attempted to control for learning effects by testing 

the dogs over a number of days, randomising the order of the three tasks and recording 

only ten responses per task in each session. This practice would have also prevented a 

task order effect from occurring. In spite of these measures, the role of the experimenter 

in the blanket removal task may have biased the results. The experimenter placed the 

blanket over the dog’s head for each trial, which may have been difficult to do in a 

consistent manner, particularly given that the dogs presumably did not like the task and 

may have attempted to avoid the blanket by moving. Also, given the speed with which the 

dog would have attempted to remove the blanket and the difficulties associated with 

observing the task, accurately recording the first paw employed to remove the blanket 

would have been difficult. 

Wells’ (2003) third task was arguably the most valid. This task involved the dog 

attempting to retrieve food from a small metal can. The can was small enough to ensure 

that only a paw could be utilised in an attempt to retrieve it. The experimenter placed the 

food in the can, in view of the dog, before allowing it to try and retrieve the food. Once a 

paw had been used in an attempt to obtain the food, the task ended. This task allowed the 

experimenter to observe the dog’s natural response to a desirable stimulus. Presumably, 

this process would not have stressed the dog and it is unlikely that the experimenter could 
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have overtly influenced the results. Care was also taken to limit any form of reinforcement 

that could have influenced the dogs’ behaviour. For example, dogs were not verbally 

praised, fed, or petted/stroked throughout the testing session. Whilst not reported by the 

author, it is possible that this methodological approach was problematic, in that dogs may 

have attempted to knock the can over with their nose.  

Following on from Wells’ (2003) study, Branson et al. (2003) identified several tests 

that could facilitate the observation of lateralisation. The first task was similar (but not 

identical) to that used by Tan (1987). It required dogs to use their paws to attempt to 

remove adhesive bandage from the bridge of the nose. Two of the tasks employed by 

Wells were also investigated in this pilot study; the paw offered to ‘shake hands’ and the 

paw used in an attempt to retrieve food from a can.  The other tasks proposed by the 

authors included the following:  

• Paw used to hold non-food object. 

• Paw used to hold ‘Kong’ stuffed with food. 

• Paw used to hold food bowl while eating. 

• Paw used to remove a hair ‘scrunchy’ from around muzzle. 

• Paw extended straight in sternal recumbency. 

• Paw on top when crossed. 

• Paw used to hold a bone. 
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• Paw ‘pointing’ (the paw raised off of ground when aroused). 

• Hind leg lifted when urinating. 

• Lateral recumbency – side down. 

• Direction curled when lying down. 

• Direction of circling. 

Two of the 15 proposed tests were carried out on five desexed dogs. These tests 

were the direction of circling, and the paw used to hold a Kong stuffed with food. The 

authors discovered that in their female dog sample, there appeared to be a consistent 

side bias across both behaviours, but that the opposite was true for male dogs (i.e. that 

the direction of circling and the paw used to hold the Kong were different).  While only a 

pilot study, this research provided the methodological foundations for future study in the 

field. Clearly, some of the behaviours listed by Branson et al. (2003) would have proven 

difficult to observe over a significant number of trials. Even the direction of circling 

measure ultimately employed in the pilot study would prove very difficult to score in a 

large sample of dogs. For this measure, dogs were filmed greeting their owners after an 

absence. This footage showed a greeting ritual that included circling behaviour which, 

when analysed, could highlight a turning bias; however, it is very likely that not all dogs 

would circle when greeting their owners, and additionally this measure introduces a 

human influence that could influence the results. Accordingly, this measure could not be 

considered an unbiased reflection of laterality. The other tasks proposed by the authors 
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would be very difficult to observe across multiple trials and many dogs would not exhibit 

some of the behaviours at all.  

Quaranta et al. (2004) adopted a task requiring dogs to attempt to remove a piece 

of adhesive tape from the bridge of their nose for a two minute period. Dogs were tested 

on the task over ten sessions carried out once per month. The first paw used in an 

attempt to remove the tape was recorded, as was the total number of left and right paw 

uses in each of the two minute testing sessions. Two laterality indices were calculated for 

each dog utilising the following formulae:   

(number of times left paw used first)
(number of times left paw used first+number of times right paw used first)

 x 100 

(number of left paw uses during the test)
(number of left paw uses during the test+number of right paw uses during the test)

 x 100 

Interestingly, this was the first study to adopt a time period in a task instead of a 

predetermined number of responses. Clearly, this methodology would have reduced 

testing time; however, it would have proven problematic for unmotivated dogs that made 

few attempts to remove the adhesive plaster in the two minute session. As previously 

discussed, this task may have been stressful to some dogs and thus, was not considered 

for use in the present research.  
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2.3 KONG TESTING 

Previous methods employed to observe paw preference in dogs have been 

demonstrated to be flawed for a number of reasons. As discussed above, many tests are 

time consuming, difficult to score accurately and, in some cases, may be stressful to the 

participating dogs. In light of these shortcomings, researchers in the field of canine 

laterality developed a novel testing procedure with which paw preference can be 

observed that avoids some of the methodological difficulties aforementioned. The ‘Kong 

test’ is a methodological approach to paw preference testing that was first proposed by 

Branson et al. (2003) in a pilot study, and followed up by Branson and Rogers (2006). The 

procedure was refined further by Batt et al. (2007). This methodology is superior to its 

predecessors as it can be administered by one researcher and involves no physical contact 

between researcher and dog, and involves no aversive techniques. Given the role that 

stress is known to play in the expression of laterality, the elimination of potentially 

stressful interaction is a valuable feature of this methodology. In addition, the test can be 

completed within approximately 30 minutes per dog, which is significantly faster than 

other tests requiring the animal to perform natural behaviours spontaneously. Given 

these procedural benefits, and the fact that the ‘Kong test’ has been used in most recent 

canine experimentation, it was adopted as the measure of paw preference in the current 

study.  
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2.3.1 ‘Kong’ 

A Kong is a plaything commonly utilised by pet owners to amuse their pet, prevent 

boredom and to provide an outlet for natural chewing behaviour. It is a hollow, rubber, 

conical shaped object with a hole in either end. Kongs can be purchased in a variety of 

sizes, and are available throughout the world. A Kong can be stuffed with food through 

the larger of the two holes and given to a dog, which in turn must lick, chew and suck at 

the opening to obtain the food contained within. If stuffed with suitable contents, the 

Kong is a slow release feeding device that can amuse a dog for a considerable amount of 

time.  

2.3.2 Paw preference testing with the Kong 

For the present studies, Kongs were prepared at least one night prior to testing. 

Each Kong was stuffed with a mixture of raw pork mince meat and seafood flavoured cat 

food, and placed in to a freezer for at least 12 hours. Seafood flavoured cat food was used 

because it was found to be particularly appealing to dogs and in the majority of cases, 

successfully stimulated their interest in the task. Freezing the contents of the Kong 

ensured that the food would not fall out too easily, and encouraged sufficient licking and 

sucking behaviour to require the use of a steadying paw. The other advantage of freezing 

the contents of the Kong was that it meant that the dogs could not consume food too 

quickly, which would have led to increased food intake and more frequent replacement of 

the Kong throughout each testing session.  Also, if the dog was able to consume the food 

too rapidly, it may have become satiated and lost interest in the task. Despite this 
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measure, there were some dogs that did become bored with the task after an extended 

testing session. To combat this, seafood flavoured can food was dispensed in to the large 

opening of the Kong during the testing session. This soft and easily attainable food was 

usually sufficiently enticing to reinstate the dog’s interest in the task. Many disinterested 

dogs also benefited from a short but brisk walk outside of the testing area.  

Freezing the contents of the Kong did have a limitation, which was that some dogs 

were not motivated to lick and suck the Kong for the duration required to obtain the 

frozen food, and thus gave up quite rapidly. Usually, however, these dogs responded well 

to a slightly thawed Kong. Overall, the advantages associated with use of the frozen Kong, 

outweighed this one disadvantage.    

 Dogs were presented with the Kong on a level, hard surface. A hard surface was 

utilised because the Kong tended to roll more easily on this surface type when licked by 

the dog, thus necessitating use of a forepaw to steady it. The researcher observed which 

paw was used by the dog to steady the Kong, as this was the paw preference measure. In 

some cases, dogs would pick up the Kong and search for a desirable location to take it; 

however, as they were constrained within the designated testing area, it was not possible 

for them to move very far. Dogs would usually commence licking the Kong within 

approximately one minute of its presentation, although a small number of dogs carried 

the Kong in their mouths for up to five minutes before beginning the task.  

During the testing, the majority of dogs laid down in sternal recumbency to eat the 

contents of the Kong, although some subjects did remain standing throughout the testing 
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session. Whether in sternal recumbency or standing, dogs generally needed to steady the 

Kong with a paw whilst retrieving the food.  

2.3.3 Number of trials and testing sessions 

Based on previous methodological considerations by Batt et al. (2007), 50 

observations of paw use were recorded for each dog in the study to classify it as left 

pawed (L), right pawed (R), or ambilateral (A). Batt et al. produced statistical evidence 

suggesting that 50 observations of paw use were representative of 100 observations, 

which was the number of observations made previously by Branson and Rogers (2006). 

Fifty observations of paw use could usually be made in a single 30 minute testing session, 

although a small percentage of the sessions took up to one hour. Furthermore, there were 

some dogs for which two or even three testing sessions were required to make the 50 

observations. Additional testing sessions were usually carried out within one week of the 

original appointment, but this was not always possible and, therefore, some second 

testing sessions were carried out up to one month later. Testing over multiple sessions 

was not problematic, based on previous practices within the field (Branson & Rogers, 

2006). Branson and Rogers conducted a study looking at the repeatability of paw 

preference testing in 26 individuals drawn from their original sample of 48. They retested 

the dogs on the Kong paw preference test six months after the first testing session and 

found a statistically significant positive correlation between the paw preferences observed 

in each of the sessions. This supports the notion that paw preference is a stable 
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characteristic and will endure over time, thus endorsing the testing of dogs over a one 

month period. 

2.3.4 Scoring paw usage 

Given the range of behaviours offered by dogs in response to the presentation of 

the Kong, it was important to have clearly defined criteria for scoring paw usage. An 

observation of paw use was recorded in those cases where a forepaw was deliberately (or 

appeared to be deliberately) lifted and placed upon the Kong. It was important to 

discriminate between goal-orientated, or deliberate, paw usage and those accidental uses 

where the dog had unknowingly placed a paw on to or bumped the Kong whilst walking or 

focusing its attention elsewhere. For example, while it rarely happened, dogs would 

occasionally place their forepaw on to the Kong when standing up from sternal 

recumbency. In these cases, the contact between Kong and paw was not followed by an 

attempt to obtain the food contents of the Kong, which demonstrated the accidental 

nature of the contact.  

When deliberate paw usage was observed, the paw that made contact with the 

Kong was recorded as either left (L) or right (R). Each observation, or ‘trial’, ended when 

the dog removed that paw from the Kong. The duration for which the paw remained on 

the Kong was not recorded, as it was not deemed important to the study. Therefore, each 

trial may have lasted from one second to one minute. After one minute, if a dog had not 

removed its paw from the Kong, its name was softly called. This was usually enough 

interaction to encourage the dog to remove its paw from the Kong.  If the next behaviour 
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was the dog replacing the same paw on the Kong, then another observation for that paw 

was recorded.  

Only the first paw placed upon the Kong during each individual trial was recorded. 

For example, dogs occasionally placed their left paw on to the Kong and then in the 

following seconds, placed their right paw on to the Kong also. This resulted in both paws 

simultaneously resting upon the Kong. Dogs would also alternate between placing both 

paws on the Kong and removing one or the other at any given time, always maintaining 

contact with the Kong with one of its forelimbs. For the present study, only the first paw 

to make contact with the Kong was recorded. Branson and Rogers (2006) recorded 

bimanual paw use and noted that there was a significant negative correlation between 

unilateral and bimanual paw use. That is, dogs with a weaker paw preference were more 

likely to use both paws. Given these already published findings, and the difficulty 

associated with recording this behaviour (when dogs performed several paw use 

behaviours in rapid succession), and the difficulty with filming the testing sessions (as 

discussed by Batt et al. (2007)), the bimanual paw use was not recorded in the present 

study. 

Occasionally, the Kong would roll against the dog’s forelimb during the task. This 

alone was not recorded as a paw use, despite it sometimes assisting the dog to steady the 

Kong; however, if the dog then lifted its paw and placed it upon the Kong, an incidence of 

paw use was recorded. Other behaviours observed during paw preference testing with the 

Kong included the dog picking the Kong up between its jaws and dropping it on the 
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ground. Small quantities of food would occasionally spill out through the large hole in the 

Kong; however, as the contents were frozen, this occurred infrequently. Normally, this 

behaviour was exhibited in the first few minutes of the testing session, when the dog was 

still excited by the novelty of the situation, and ceased soon thereafter.  

Throughout the testing session, the Kong would sometimes come to rest against a 

fence or wall in the testing area. This contact would act to steady the Kong and often 

allowed the dog to consume the contents without the use of a paw. When this occurred, 

the experimenter or owner softly called the dog’s name to distract it from the task, 

entered the testing area, picked the Kong up and replaced it in the centre of the testing 

space. No physical contact was made with dogs whilst they were in possession of the Kong 

and the Kong was only picked up whilst the dog’s attention was diverted elsewhere. This 

was to reduce the chance of stressing the dog and also to minimise the risk of the 

experimenter receiving aggressive behaviour from a dog that was resource guarding the 

food-stuffed Kong.  

With the exception of those circumstances outlined above, where it was deemed 

necessary in order to keep the testing session progressing forward, speaking to the dog 

during the task was avoided completely. The experimenter did not speak to the dog and 

also instructed the owner to refrain from talking to the dog. This was to avoid any form of 

social reinforcement that may have potentially influenced the dog’s behaviour. 
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2.4 STATISTICAL DETERMINATION OF PAW PREFERENCES 

In line with the statistical approach employed by Branson and Rogers (2006) and 

Batt et al. (2007), dogs were classified as left pawed, right pawed, or ambilateral utilising 

z- score calculations based on a binomial distribution. The formula utilised for this 

calculation was 𝑧 = (R− 0.5𝑁)
�(0.25𝑁)

 where R represents the number of right paw usages and N 

the total of left and right paw usages. A positive z-score ≥ 1.96 indicated a right paw 

preference, a negative z-score ≥ 1.96 indicated a left paw preference, and a value 

between these indicated ambilaterality.  

A Laterality Index was also calculated to provide a continuous variable reflecting 

the strength of the observed paw preference. The formula utilised was (R - L/L + R), where 

R represents the number of right paw usages, and L represents the number of L paw 

usages. A score of -1 indicates exclusive left paw usage by the dog, while a score of +1 

indicates exclusive right paw usage. A score of 0 indicates that the dog employed equal 

use of the left and right paws, and thus exhibited no preference. 

2.5 ALTERNATIVE TO KONG TESTING FOR GREYHOUNDS 

Kong testing is one method by which paw use in the dog can be facilitated. When 

examined, the dog’s paw use across 50 trials with the Kong may be biased towards 

preferential use of one paw, which is considered as a manifestation of brain lateralisation. 

Although there are numerous tests that could be administered to dogs to observe motor 

laterality, the Kong test is considered the easiest and most practical; however, this was 
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not the case for the study involving greyhounds reported in this thesis. After initial pilot 

testing with a Kong, it was discovered that many greyhounds were not particularly 

voracious and thus, did not respond favourably to the presentation of the Kong. Several 

dogs would not lick the contents, and many others would commence the task but gave up 

very rapidly. Using fresh (unfrozen) meat to fill the Kong was sometimes successful, but 

not in all cases. Therefore, to overcome this methodological setback, an alternative 

technique to test for a paw preference was adopted. A fresh meaty marrow bone was 

utilised, as dogs were motivated to chew it for a duration that allowed the experimenter 

to make 50 observations of paw use. Although the use of a bone introduced a new 

methodological approach, Branson and Rogers (2006) retested a subsample of dogs drawn 

from their original population with meat bones, after initial Kong testing, and found that 

there was a strong positive correlation between the paw preferences observed on both 

tasks.  

The bones utilised for the test were beef marrow bones that had been carefully 

selected to be as symmetrical in structure as possible. They were cut along the length of 

the bone, to expose the marrow contained within. This produced a bone of approximately 

25 centimetres long. The procedures and criteria employed for the Kong test were 

replicated for testing with the bone. The use of a bone for paw preference testing was 

employed in order to limit the number of dogs that would have been culled from the 

study as a result of their disinterest in the Kong. This methodological approach proved 

successful, with the majority of greyhounds exhibiting the desired behaviour on the task.  
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The next chapter will present a study concerned with the relationships between 

paw preference and the preferential behaviour exhibited by greyhounds on the racetrack.   
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SECTION B: EXPERIMENTAL CHAPTERS 

Chapter 3 

Study 1 

The Relationship Between Lateralisation and Racetrack Behaviour in the Greyhound 

3.1 AIMS OF THE CURRENT STUDY 

This chapter describes a study that investigated the relationship between motor 

laterality and racetrack behaviour in the racing greyhound. There is anecdotal evidence 

suggesting that greyhounds display preferences for the direction in which they move upon 

exiting the starting boxes at the beginning of each race; either to the left, right, or straight. 

Similarly, dogs are said to prefer running in a particular position on the racetrack relative 

to the other racing dogs; some individuals are said to prefer running close to the rail, 

others out wide of the racing field, whilst others prefer the middle. The aim of the study 

was to determine whether greyhounds do exhibit preferential behaviour on the racetrack 

and, if so, to determine whether this biased behaviour was associated with the manual 

preferences displayed on a paw usage task. 

3.2 GREYHOUND RACING 

Greyhound racing is one of the three main racing codes carried out in Australia, 

along with horse racing and harness racing. The sport is a popular form of gambling, with 

approximately 4,069 sanctioned race meetings held across Australia and New Zealand in 
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the year 2009 alone ("Australasian racing statistics," 2007). At these meetings, 319,718 

registered dogs ran in 43,211 races, with the winners collecting approximately 74 million 

Australian dollars. There are approximately 87 racing clubs throughout Australasia and 

over 30,000 people officially affiliated with the industry. Additionally, there are thousands 

of casual spectators and ‘punters’ engaged in the sport each year. Over 3,100 litters of 

greyhound puppies are registered each year and, from these litters, approximately 13,100 

dogs are named and registered for racing ("Australasian racing statistics," 2007). Breeders 

often raise an entire litter of puppies to the age of 12 months before commencing race 

training. At 15 months of age, puppies are generally run on a trial track where those with 

acceptable lap times will be retained for further training and potentially, a race career. 

The remaining puppies may be spelled for a period of time before being re-trialled, 

adopted out as pets, sold to another breeder/trainer, or killed. 

3.2.1 The Racetrack 

Greyhound racetracks in Australia are all run in a counter clockwise direction. 

Tracks are generally oval shaped with the corners banked to accommodate and support 

the turning greyhounds. There are eight starting boxes located on each standard track. 

The boxes are numbered from one to eight and each greyhound wears the number of the 

box from which it starts on its racing vest to allow for easy visual identification. Box one is 

located closest to the centre rail, with subsequent box numbers moving further away from 

the inside of the track. The starting box from which each dog starts is randomly drawn 

before each race.  
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3.2.2 Running position on the racetrack 

Although there has been little scientific research dedicated to greyhound 

behaviour and racing, there is a belief amongst greyhound enthusiasts that greyhounds 

exhibit a preference for their running position on the race track. That is, a dog will display 

a consistent preference for the position in which it runs on the racetrack, across numerous 

races. A dog that runs ‘wide’ is one that consistently moves to the outside of the field 

(group of racing dogs) during a race. A ‘rail runner’ is a dog that moves to the inside of the 

field and runs along the rail during a race. A ‘middle runner’ is a dog that runs neither on 

the rail nor out wide, but rather in the middle of the field, with dogs on either side of it 

("Glossary," 2008).  

3.2.3 Direction out of boxes 

As discussed, racing dogs have a preference for a particular running position on the 

racetrack. Likewise, dogs are said to leave the starting boxes in accordance with an 

individual preference ("About us," 2006). That is, when a dog ‘jumps’ from the starting box 

it moves in a particular direction within the first one or two strides – left, right or straight. 

For the present study, determining whether dogs leave the starting boxes according to a 

preferential behaviour will be relatively straight forward. If a preference does exist, one 

would expect to see a disproportionate number of left, right and straight behaviours from 

each greyhound. Like the preference for running in a particular location on the racetrack, 

this behaviour is recognised amongst greyhound enthusiasts, although no data have been 

published to date to support the existence of this phenomenon.  
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3.2.4 The relationship between running position on the racetrack and direction out of 

starting boxes 

It is likely that the direction a dog takes out of the starting boxes will be a 

reflection of its running line preference. For example, a dog that likes to race out wide of 

the field will theoretically turn right upon exiting the starting boxes in order to reach its 

preferred running position. Similarly, a dog that likes to run along the rail should 

theoretically turn left out of the starting boxes. This relationship will be investigated in the 

present study. 

3.3 LATERALISATION OF RACETRACK BEHAVIOUR 

 The next two sections of this chapter will explain the reasons why the behaviour 

exhibited by greyhounds on the racetrack may be considered as lateralised functions, and 

will argue that these directional biases may be associated with other lateralised functions.  

3.3.1 Running position on the racetrack and direction out of boxes as forms of laterality 

Given that they relate to directional biases, the behaviours described above could 

be considered evidence of brain lateralisation. Greyhound enthusiasts generally explain 

these behavioural preferences in terms of learned outcomes that are acquired during 

training and subsequently practiced across multiple racetrack experiences (Irish 

Greyhound Board, personal correspondence, 15 May 2009).  Intuitively, this explanation 

seems erroneous. It is highly improbable that trainers would train their race dogs to leave 

the starting boxes and move to the right, knowing that all tracks in Australia are run in a 



69 
 

 
 

counter-clockwise direction. The shortest distance around the track is via the inside 

position and hence training dogs to move to the right when moving out of the starting 

boxes (and thus toward the outside of the racetrack) would not be optimal, as it would 

lead to the dog running a greater distance. Moreover, if training influenced these 

behaviours one would expect to see multiple dogs schooled by the same trainer exhibiting 

the same preferences. This is based on the assumption that each trainer would utilise the 

same facilities and methods to train all of their dogs. This variable could be ruled out in 

initial analyses of the data by comparing the preferences of dogs from the same racing 

kennel with the remainder of the sample.  

If racetrack behaviour is not lateralised, each of the possible outcomes would be 

expected to occur at a level that is similar to chance. For example, from 12 races one 

would expect starting box behaviour to be distributed according to the following – 

movement to the left four times, straight four times and right four times. Similarly, for the 

position in which a dog runs on the track, one would expect to see running along the rail 

approximately four times, in the middle four times and out wide four times.  

Murphy et al. (2005) observed idiosyncratic laterality in horses avoiding obstacles 

in a neutral environment. They observed that, in a corridor free from visual bias, horses 

will choose to avoid a centrally located obstacle by moving preferentially to either to the 

left or to the right, and that this preference persists over multiple trials. A greyhound 

racetrack is not a neutral environment, but this lends some support to the notion that 

racetrack behaviour may be lateralised; that is, if the biased behaviour prevails in spite of 
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the plethora of distracting and constantly changing environmental influences. For 

example, if some dogs prefer to run wide of the field, then this is in spite of the 

environmental influences drawing them to the inside of the track (such as the direction of 

the racetrack, and the position of the lure).   

3.3.2 Relationship between racetrack behaviour and motor laterality 

As discussed in the first chapter of this thesis, many studies have identified 

consistent expressions of laterality across multiple tasks (Gasne, et al., 2001; Mohr, et al., 

2003). Gasne et al. (2001) contend that, as a consequence of the lateralisation of the 

limbic and striatal systems, tasks associated with survival may share a consistent side bias. 

In the racing greyhound, the chasing of ‘prey’ on the race track is undoubtedly linked to a 

well developed hunting (survival) instinct and therefore, the neural systems associated 

with survival instincts are probably engaged during a race. Likewise, the paw preference 

task described in the second chapter of this thesis is concerned with the retrieval of food, 

and is therefore also related to survival.  

3.4 THE PRESENT STUDY 

As discussed previously, inter-task consistency of lateralisation has been observed 

in a number of species, including the domestic dog, but the conditions under which such 

alignment will occur are still unknown. There is also a lack of literature concerned with 

racing greyhounds, despite the financial stakes and animal welfare issues associated with 

the sport. Therefore, the observations that have been made by greyhound enthusiasts 
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regarding running line and direction out of starting boxes will be investigated and 

subsequently compared to the paw preferences observed in racing greyhounds.    

It is hypothesised that – 

1) Individual greyhounds will display a preference for one paw over the other 

when holding and manipulating a meat bone.  

2) Individual greyhounds will display a preference for a particular direction 

(left, right or straight) when they leave the starting boxes in a race. 

3) Individual greyhounds will exhibit a preference for the position in which 

they run on the racetrack (along the rail, in the middle of the field, or out 

wide of the field). 

4) The direction a greyhound takes when moving out of the starting boxes will 

be positively associated with the position in which it likes to run on the 

racetrack.   

5) There will be a relationship between the direction of a greyhound’s paw 

preference and the direction of its starting box preference.   

6) There will be a relationship between the direction of a greyhound’s paw 

preference and the direction of its running line preference.   
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3.5 IMPLICATIONS 

Not only will the results of this study contribute to the growing body of knowledge 

concerned with laterality in the domestic dog, but they may also have implications for the 

greyhound racing industry. Should an association be found between paw preference and 

the direction a dog takes out of the starting boxes, or its running line, owners and 

breeders will have a tool with which to identify dogs that will be wide, straight, or rail 

runners before they are observed on a racetrack. Trainers may then select dogs that meet 

their criteria at an earlier age, and thus reduce the cost associated with raising unsuitable 

racing candidates.  

The results of the present study may also have implications for the random draw 

system employed in Australia to allocate dogs to starting boxes. If dogs display highly 

preferential behaviour, then allocating them to starting boxes according to a random 

system may not be appropriate. For example, dogs that prefer to run along the rail, but 

are assigned to the outer box, may be more vulnerable to racetrack collisions as they 

attempt to move to their preferred running position throughout the race. Therefore, 

considering behavioural preferences in the starting box allocation procedure may have 

positive animal welfare implications for the greyhound.   
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3.6 METHODS 

3.6.1 Test subjects 

Subjects for the present study were sourced through Greyhound Racing South 

Australia. Registered owners, breeders and trainers were contacted by telephone and had 

the nature of the study explained to them. Owners of five racing kennels agreed to take 

part in the study, with 55 dogs subsequently being tested.  The sample comprised 24 

female and 29 male greyhounds. Dogs were required to have raced at least five times at 

either the Angle Park racetrack or the Gawler racetrack (both located in South Australia) 

during their competitive career. On average, each dog had raced 23.13 (SD = 15.36) times 

at one or both of the specified racetracks. Approximately 80% of dogs were still actively 

racing at the time of the testing, with the remaining 20% retired to a breeding program.  

3.6.2 Testing procedure 

The experimenter visited each greyhound kennel where owners were provided 

with detailed information regarding the nature of the study. All owners signed the 

relevant forms consenting to their dogs’ participation in the study before any testing 

procedure was commenced. Owners provided each participating dog’s racing name and 

other relevant details to enable the collection of racing information at a later date. 

Dogs were generally tested early in the morning before they had been exercised or 

fed, although this usually occurred due to this time being mutually convenient with 

experimenter and greyhound owner, rather than being a criterion of the testing 
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procedure. Some dogs were tested in the afternoon and thus would have consumed a 

morning meal before the task was administered. However, the majority of greyhounds 

involved in the study would not have eaten for approximately 12 hours prior to each 

testing session, which proved beneficial to the experimental procedure as the dogs were 

more motivated to obtain food.  

As described in the general methodology chapter, Kong testing was not 

appropriate for the study of greyhounds. Instead, a fresh meaty marrow bone was 

employed, because dogs were sufficiently motivated to chew and persist with the bone 

over an adequate duration so as to allow the experimenter to make 50 observations of 

paw use.  

The procedures and criteria employed for the Kong test were replicated for testing 

with the meat bone. The criteria for scoring paw use with the meat bone were also the 

same as those employed for the Kong paw preference testing method (as described in 

Chapter 2).  

3.6.3 Testing location 

Dogs were tested on a flat concrete surface, which was usually the floor surface of 

a vacant kennel run on the same property. Each participating greyhound was brought 

individually to the designated testing area.  Although they varied slightly between the 

different breeders’ properties, the kennel runs typically measured approximately three 

metres by three metres and were cleared of any bedding or water containers prior to use. 

This provided a testing environment free from any obstacles that may have influenced the 
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dogs’ behaviour or restricted the experimenter’s view of the greyhound. The kennel used 

did not adjoin any other occupied kennels, although in many instances other dogs were 

visible to the test subject. However, as the visibility was minimal and the other dogs were 

not in close proximity, this did not appear to influence the behaviour of the dog being 

observed. The dogs were individually brought and released in to the kennel where a meat 

bone had already been placed on the ground in the centre of the space. Dogs typically 

began interacting with the meat bone immediately upon discovering it. As described in 

the second chapter, if a dog’s interest in the task ever waned, it was called away from the 

bone, placed on a leash and taken for a brisk walk where it was given the opportunity to 

relieve itself. This practice was usually sufficient to reinstate the dog’s interest in the task. 

After 50 observations of paw use had been made for each dog, it was returned to its own 

kennel run, the bone was disposed of and a fresh bone was placed in to the kennel in 

preparation for the next test subject’s arrival. 

3.7 RACETRACK DATA 

In addition to the data derived from the paw preference testing performed by the 

author of this thesis, data concerned with the greyhound’s racetrack performance was 

also required for the analyses. Specifically, data concerned with the direction each dog 

‘jumps’ from the boxes (DSB) and its running position on the track (RP). For a large 

number of dogs, collecting this data across multiple races would have proven difficult and 

unfeasibly time consuming, given the infrequent nature of their racing careers. Dogs are 

routinely spelled for several weeks as a result of injury or other factors. Therefore, a 
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number of organisations associated with the greyhound racing industry were contacted in 

an attempt to locate reliable information regarding each individual greyhound’s racetrack 

behaviour, obtained from prior races. SUREpick is a company that provides a tipping 

service to greyhound ‘punters’. The company hires experts who view all metropolitan 

races held around Australia and subsequently collect data on each dog’s performance. 

SUREpick then makes predictions about the outcome of each individual race, by 

comparing the information they have on each of the dogs nominated for that race. 

‘Punters’ can purchase SUREpick tips for individual races, or can subscribe to a weekly or 

monthly service covering most metropolitan races. SUREpick records many attributes for 

each dog in a given race, but the behaviours that were of particular interest to the present 

study were the direction the dog jumped from the starting boxes and the position in 

which it ran on the racetrack. The latter rating was made by observing the dog’s position 

at a number of separate points around the racetrack, and subsequently designating it to 

one of the three possible categories, based on its average position for that race. For each 

dog in the study, SUREpick provided data indicating the direction in which the dog jumped 

when exiting the starting boxes and its running line, for each race in which it had run. 

Collecting data from an external source such as SUREpick was beneficial, not only 

because of the practical considerations, such as the lengthy time delays between each 

dog’s racetrack appearances, but also because of the inherent accuracy of the data 

obtained. This data is collected by experienced SUREpick staff members, and has been 

demonstrated to have strong inter-rater reliability ("About us," 2006). 
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3.7.1 SUREpick classifications of running line 

To calculate each greyhound’s running line, its position on the racetrack is 

examined at several designated locations (such as the beginning of the first corner and the 

end of the final corner) and an average position is calculated. The dog’s position at each 

location is determined according to the number of body widths it is from the rail. Rail 

running dogs are those positioned one to two body widths from the rail, middle runners 

are those positioned three to five body widths from the rail, and wide runners are those 

dogs positioned five or more body widths from the rail.  

3.7.2 SUREpick classifications of direction out of starting boxes 

The classification regarding each dog’s direction out of the starting boxes based 

upon the dog’s first two strides after it exits the starting boxes. The dog will either move 

to the left, to the right, or straight.  

3.8 RESULTS 

3.8.1 Statistical analyses 

For all statistical analyses, an alpha value of less than 0.05 was deemed as 

statistically significant.   
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3.8.2 Paw preference 

Paw usage was observed according to the method described in Chapter 2; for the 

greyhounds, paw preference testing utilising a meat bone was employed. Z-scores based 

on a binomial distribution were calculated to determine whether the observed 

distribution of paw usage differed significantly from that which would be expected by 

chance. The formula utilised was 𝑧 = (R− 0.5𝑁)
�(0.25𝑁)

 where R represents the number of right 

paw usages and N the total of left and right paw usages for individual dogs. A positive z-

score ≥ 1.96 indicated a right paw preference, a negative z-score ≥ 1.96 indicated a left 

paw preference, and a value between these indicated ambilaterality. This analysis 

revealed that 60.4% of dogs demonstrated motor laterality and 39.6% did not (Figure 3.1). 

Of the total sample, 37.7% of the dogs demonstrated a significant left paw preference and 

22.6% demonstrated a significant right paw preference (Figure 3.2). Chi-squared analysis 

indicated no significant difference between the paw preferences exhibited by male and 

female greyhounds (χ2(1, N = 53) < 1).  
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Number of Greyhounds Demonstrating Lateralised and Ambilateral Forelimb Usage 

  

Figure 3.1 Number of greyhounds demonstrating lateralised and ambilateral 

paw use, based on z-score calculations. 
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Number of Greyhounds Demonstrating Left Paw Preference, Ambilaterality, and Right Paw 

Preference 

 

Figure 3.2 Number of greyhounds demonstrating left, right, and ambilateral 

paw use, as determined by z-score calculations. 
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A Laterality Index (LI) score was also calculated and this allowed each individual’s 

paw preference to be situated along a continuum ranging from -1 to +1. The LI is 

calculated using the following formula: (R - L/L + R), where R represents the number of 

right paw usages, and L represents the number of L paw usages. This continuous variable 

reflects the strength of the observed paw preference. A score of -1 indicates exclusive left 

paw usage by the dog, while a score of +1 indicates exclusive right paw usage. A score of 0 

indicates that the dog employed equal use of the left and right paws, and thus exhibited 

no preference. LI scores are presented in Figure 3.3. 

If the sample of greyhounds demonstrated population level laterality, then an 

unequal distribution of left paw preferent, right paw preferent and ambilateral individuals 

would be observed. Therefore, a chi-squared analysis was used to determine whether the 

numbers of dogs demonstrating a left paw preference, right paw preference, or 

ambilaterality differed from the even distribution that would be expected given no 

population level bias. The results of this analysis were not significant, which suggested 

that population level laterality was not present in the sample of greyhounds studied, χ2(1, 

N = 53) > 1. The strength of paw preference was also investigated at the population level 

to determine whether there was a bias towards either weak or strong lateralisation 

(Figure 3.4).  The distribution reveals that the population was biased towards weak 

lateralisation, with no dog obtaining a LI score in the uppermost range (0.9 to 1.0).    
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Distribution of Strength of Paw Preference 

 

Figure 3.3 Distribution of Laterality Index (LI) scores in the sample of 

greyhounds. LI categories are presented in 0.09 increments, ranging from 

-1 to 1, on the x axis. The y axis indicates the number of dogs in each 

category. 
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Distribution of Absolute Strength of Paw Preference 

 

Figure 3.4 Absolute LI values in the sample of greyhounds. That is, the LI 

values with signs removed. This distribution is skewed toward weaker paw 

preference. No dogs demonstrated a paw preference stronger than 0.89.   
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3.8.3 Direction out of starting boxes 

Data concerning the direction out of starting boxes (DSB) was obtained from 

SUREpick, as discussed previously. For each of the races that SUREpick had viewed, the 

direction in which each dog moved upon exiting the starting boxes was provided to the 

author of this thesis. For example, a list of races was provided for each greyhound in the 

study with left (L), right (R), or straight (S) recorded for each race in which it had 

competed. Because the number of races in which each dog had participated varied, the 

data were converted in to percentages to provide proportionate figures for analyses.  

One of the aims of the study was to identify whether greyhounds performed 

preferential DSB behaviour. In order to answer this question, chi-squared analyses were 

performed on the racetrack data for each individual in the study to determine whether 

the observed distribution of racetrack behaviours differed significantly from what would 

be expected by chance. In the absence of a behavioural preference, the proportion of DSB 

behaviours would be approximately equal across repeated trials. It was found that the 

distribution of observed behaviours varied significantly from the rectangular distribution 

that would be expected by chance (p < .05), which supports the hypothesis that 

greyhounds perform preferential DSB behaviour. 

Another of the study’s main aims was to determine whether there was a 

relationship between the left or right directional biases expressed by greyhounds on DSB 

behaviour and on the paw preference task. To facilitate this comparison, the straight DSB 

behaviour was excluded from some of the analyses. An index was calculated to situate the 
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dogs on a scale ranging from exclusive left DSB behaviour to exclusive right DSB 

behaviour, and for this calculation, the frequency of straight DSB behaviour was not 

included. The DSB index was calculated according to the following formula; R/R+L, where 

R signifies the number of right DSB behaviours, and L signifies the number of left DSB 

behaviours. A score of 0 indicated exclusive left DSB behaviour, and a score of 1 indicated 

exclusive right DSB behaviour. Dogs that exhibited only straight DSB behaviour (N = 15) 

were excluded from this DSB index, and consequently the subsequent analyses. The DSB 

index indicated that 17 dogs had a preference for left DSB behaviour, 13 dogs had a 

preference for right DSB behaviour, and 6 dogs were situated between these two 

alternatives (Total = 36). This scaling of DSB responses allowed Pearson product-moment 

correlation coefficients to be performed on the data. 

3.8.4 Running position on the racetrack 

As with the DSB data described above, the running position on the racetrack (RP) 

was also supplied by SUREpick. This data comprised the RP behaviour that each dog had 

performed in every race that SUREpick had viewed. The three possible behaviours were 

rail (R), middle (M), or wide (W). Chi-square analyses were conducted to determine 

whether greyhounds exhibited preferential RP behaviour. The results of these analyses 

suggested that the behaviour demonstrated by greyhounds differed significantly from the 

rectangular distribution expected by chance (p < .05). 

As with the DSB data, the middle RP was excluded to allow an index to be 

calculated. This criterion excluded 3 dogs from some analyses. The RP index situated each 
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dog along a continuum ranging from 0 to 1, where 0 signified a preference for the rail RP 

and 1 signified a preference for the wide RP. According to the RP index, 10 dogs exhibited 

a preference for the rail RP, 15 dogs exhibited a preference for the wide RP, and 11 dogs 

were situated between the two extremes (N = 36).   

3.8.5 Association between paw preference and direction out of starting boxes 

In order to establish whether paw preference was associated with a dog’s DSB, 

Pearson product-moment correlation coefficients were computed. The first correlation 

performed included the LI measure of paw preference and the DSB index described above. 

The results of this analysis suggested that there was no relationship between paw 

preference and DSB (p > .05). In order to confirm that there was no relationship between 

DSB behaviour and paw preference, and to ensure that the exclusion of those dogs 

performing only straight DSB had not biased the results, correlations were performed on 

the frequencies of left, straight, and right DSB behaviours and the LI for the entire sample 

of greyhounds. This analysis also revealed no relationship between the behaviours (p > 

.05).   

3.8.6 Association between paw preference and running position on the racetrack 

A Pearson product-moment correlation coefficient was also used to determine 

whether paw preference was associated with a dog’s RP. A correlation was calculated on 

the RP index described above and the LI paw preference measure.  According to the 

analysis, paw preference was not associated with RP (p > .05). In order to confirm this 

finding, and to ensure that the exclusion of dogs that performed only middle RP behaviour 
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had not biased the results, correlations were performed on the individual frequencies of 

rail, middle, and wide running behaviours, and the LI measure. This analysis showed a 

statistically significant negative relationship between rail running and paw preference 

(r(53) = -.29, p < .05). That is, the correlation indicated that the more left pawed a dog 

was, the more frequently it ran in the rail RP. This relationship is shown in Figure 3.5. 

Relationship Between Paw Preference and Frequency of Running in the Rail Position 

 

Figure 3.5 Scatter plot illustrating negative relationship between paw 

preference (LI) and frequency of running in the rail position. The regression 

line and 95% confidence interval lines are fitted to the plot.   
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3.8.7 Association between direction out of starting boxes and running position on the 

racetrack 

It was hypothesised that there would be an association between DSB and RP, and a 

Pearson product-moment correlation coefficient revealed that this was indeed the case. 

When the DSB and RP indices were correlated, a significant positive relation was found 

(r(36) = .64, p < .001).  Correlations between the relevant racetrack behaviour frequencies 

also supported this finding; left DSB was positively correlated with rail RP (r(53) = .39, p < 

.01), right DSB was positively correlated with wide RP (r(53) = .52, p < .01), and straight 

DSB was positively correlated with middle RP (r(53) = .28, p < .05).  

3.8.8 Influence of training on racetrack behaviour 

Owners and trainers attributed the racetrack behavioural biases demonstrated by 

greyhounds to the training process. If training is a significant contributing factor then dogs 

from the same racing kennel, presumably schooled similarly, should demonstrate 

comparable racetrack behaviour. Mixed model analysis was utilised to compare the 

variation in racetrack behaviour exhibited by dogs from individual kennels with the 

variation observed between individuals from the total sample. This analysis revealed that 

the effect of training was very low, with the difference amongst dogs from particular 

racing kennels indistinguishable from the differences observed between all dogs in the 

sample. Approximately 90% of the variability observed in the sample occurred between 

individual dogs. That is, across each of the racetrack behaviours (left, straight, and right 
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DSB, and rail, middle, and wide RP), the mean variation that could be inferred to be a 

result of training was 0.11 (SD = .09). 

3.9 DISCUSSION 

The first aim of this study was to determine whether racing greyhounds exhibited 

individual preferences for the direction in which they moved upon exiting the starting 

boxes, and the position in which they ran on the racetrack. A second aim was to 

determine whether the direction in which a dog moved upon exiting the starting boxes 

predicted its ultimate running position on the racetrack. The study also examined the 

relationships between motor laterality and the racetrack behaviour demonstrated by 

greyhounds. The overall aim of the study was to examine whether racetrack behaviour 

may be influenced by brain lateralisation.  

In the absence of an individual preference, one would expect to see the 

distribution of racetrack behaviour exhibited by greyhounds occur at approximately 

chance level. However, this was not the case for the sample of greyhounds studied. 

Instead, the majority of individuals exhibited consistently biased behaviour across multiple 

races. To determine whether the observed DSB and RP behaviours differed significantly 

from the distribution that would occur at chance level, the expected frequencies of DSB 

and RP behaviours had to be defined. The most prudent approach was taken, which was 

to expect an equal probability of each of the DSB and RP behaviours. This approach was 

based on the anecdotal reports of greyhound enthusiasts, who explained that an 

individual greyhound may perform any one of the three possible DSB or RP behaviours 
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with some consistency. Additionally, given that no previous study has investigated 

racetrack behaviour, it was not possible to predict a disproportionate frequency of these 

behaviours for the sample. This analysis revealed that the observed racetrack behaviour 

differed significantly from the expected distribution, indicating that individuals display 

preferential behaviour.  

The direction in which a dog moved immediately upon exiting the starting boxes 

was significantly associated with the position in which it ultimately ran on the racetrack. 

For example, dogs with a preference for left DSB behaviour were more likely to run along 

the rail, dogs with a preference for straight DSB behaviour were more likely to run in the 

middle, and dogs with a preference for right DSB behaviour were more likely to run out 

wide of the field. The results also suggested that these behaviours prevailed in spite of 

concurrent environmental influences. For example, dogs performed consistent DSB and 

RP behaviour across multiple races, despite being randomly allocated to a starting box at 

each race. Presumably, dogs were frequently allocated to starting boxes that were 

incompatible with their directional bias (for example, a dog with a preference for running 

close to the rail being assigned to box number eight); however, this was not reflected in 

the results. Additionally, the racetrack is a dynamic environment and subsequently there 

were many factors that may have influenced the dogs’ behaviour. However, controlling 

for all of the potentially confounding variables was not possible in the present study. An 

individual’s behaviour may have been influenced by the presence of other dogs or by 

other environmental features. However, perhaps emphasising the strength of the 
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preference for particular racetrack behaviour, each dog performed highly consistent 

behaviour across multiple races, in spite of the environmental influences. 

Owners and trainers have suggested that individual dogs learned to display 

preferential racetrack behaviour throughout the training process. Therefore, the effect of 

training was investigated by observing whether the variation in behaviour displayed by 

individuals was greater than the variation displayed by the sample as a whole. 

Presumably, dogs schooled by the same individual, utilising the same apparatus and 

training environment, would exhibit similar biases if learning was responsible for the 

behaviour. The results suggest that the influence of training was negligible, with dogs 

performing racetrack behaviour that appeared to be consistent only at the level of the 

individual.      

The mechanisms underlying the preferential racetrack behaviour observed in the 

sample of greyhounds can only be speculated on at this time. One possible explanation is 

that that the preference for running in a particular position on the racetrack is the product 

of ocular laterality. It is possible that dogs prefer to view their ‘prey’ with one eye over the 

other; a phenomenon that has been observed in lizards (Bonati, Csermely, & Romani, 

2008; Robins, Chen, Beazley, & Dunlop, 2005) and toads (Vallortigara, Rogers, Bisazza, 

Lippolis, & Robins, 1998). Presumably, running in the rail position would enable the dog to 

view the lure predominantly with the right eye (given that the lure is positioned slightly 

away from the inside of the track), whereas running out wide would presumably place the 
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lure predominantly in the left visual field. Alternatively, racing dogs may prefer to view 

conspecifics with one eye as opposed to the other.  

The present study found preliminary evidence to support a relationship between 

paw preference and running position bias. Increased left pawedness was associated with 

an increase in the frequency of racing close to the rail. The ability to remain close to the 

rail whilst moving around the counter-clockwise racetrack may be indicative of a more 

skilled leftward turning ability in some dogs. Greyhound owners and trainers report that 

some dogs are more proficient at negotiating the racetrack’s corners, while others ‘drift’ 

out wide. An explanation for this may be the asymmetrical gait exhibited by dogs (Hackert, 

Maes, Herbin, Libourel, & Abourachid, 2008). During galloping locomotion, one of each of 

the fore and hindquarter limbs strikes the ground first and it has been suggested that dogs 

display a preference for which paw this is (Hackert, et al., 2008). Therefore, it may be that 

the skilled dogs ‘lead’ with the most appropriate limb; the one that facilitates a more 

superior turning ability. However, the relationship between asymmetrical galloping 

behaviour and racetrack performance has not been studied. 

In a pilot study, Branson et al. (2003) noted a relationship between paw preference 

and circling behaviour in the dog, but this relationship has not received further attention. 

It is possible that spontaneous turning behaviour, commonly studied in rodents (for 

example, Nielsen et al. (1997)), is associated with racetrack turning ability. In rodents, 

preferences for leftward turning behaviour and left paw use have been associated with 

increases in corticosterone in response to stressors (Lahoste, Mormede, Michelrivet, & 
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Lemoal, 1988; Neveu & Moya, 1997). Similarly, Gasne et al. (2001) tested rodents on a 

food retrieval task, conducted after a fasting period, and a rotary swimming test, requiring 

the survival response of swimming. The authors suggested that the consistent lateral 

biases they observed across the tasks were associated with the heightened arousal state 

produced by each. The relevance of these findings to the present study is that it is possible 

that left-pawed dogs experienced heightened cortisol levels during the paw preference 

testing and also during racing. This alignment of arousal levels across both situations may 

have produced the consistent side biases observed in the left pawed dogs. On the other 

hand, right pawed and ambilateral dogs may not have experienced consistent arousal 

when paw preference tested and when racing. Whilst it has not been investigated, it is 

likely that the racetrack environment induces a greater state of arousal than paw 

preference testing. Paw preference testing was completed in each dog’s own home 

environment and did not necessarily follow a fasting period. Some dogs may have been 

sated and this may have influenced the state of arousal associated with the presentation 

of food. As discussed in the methodology chapter, pilot testing revealed that greyhounds 

were not particularly voracious, which gave rise to paw preference testing utilising meat 

bones. The employment of this food item induced the greyhounds’ interest to a sufficient 

degree to complete the task, but few were overly enthusiastic about the task. This 

supports the notion that the greyhounds were not particularly aroused by the paw 

preference task, and indicates that a fasting period may have been beneficial.  

The relationship between satiation and motor laterality is important because it is 

known that the adrenocortical system is altered as a result of food consumption (Choi, 
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Horsley, Aguila, & Dallman, 1996). It has been demonstrated that access to energy is vital 

for hypothalamus-pituitary-adrenal stress responses in humans and other animal species 

(Kirschbaum, Rohleder, Bono, Salvador, & Hellhammer, 1997). Therefore, it is possible 

that the data collected from those dogs that had eaten before the testing session may 

have influenced the findings. In order to rule out this potential confound it would be 

necessary to observe the influence of satiation on the expression of motor laterality. This 

knowledge may prove particularly pertinent given that most paw preference testing in 

dogs is carried out by administering tasks involving the attainment of food.  

One study has investigated the relationship between cortisol concentration and 

laterality in the dog. Batt et al. (2009) investigated this relationship in a sample of 

potential guide dogs and found no significant association. The authors attributed this 

finding to the general increase in cortisol that the dogs seemed to demonstrate, having 

recently entered a kennel environment. Future research should aim to delineate this 

relationship in the dog, particularly since it has been demonstrated in other species (for 

example, in the macaque (Kalin, Larson, Shelton, & Davidson, 1998; Westergaard, Byrne, 

& Suomi, 2000)).  

The dogs tested for the present study were drawn from a very unique population. 

The greyhound has been selectively bred over hundreds of years for its ability to sprint at 

high speeds over considerable distances (“The Greyhound”, 1832). Consequently, this 

raises the issue of whether greyhounds can be considered as accurate representatives of 

the domestic dog species (in terms of the expression of laterality demonstrated by the 
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species), or whether an extreme and unique selection bias may be present in the breed. In 

some strains of mice it is possible to selectively breed individuals for lateralised paw use 

(Betancur, et al., 1991; Collins, 1991). Such a genetic basis has not been identified in the 

domestic dog to date; however, given the selective breeding practices involved with the 

development of the racing greyhound, considering this phenomenon as an explanation for 

the results of the present study is necessary. McGreevy and Thomson (2006) noted that 

while thoroughbred and standardbred horses shared behavioural manifestations of 

laterality, the quarter horse did not. The authors explain how the quarter horse has been 

selectively bred for ‘cutting’ work, which involves removing individual cattle from herds, 

and that to successfully perform this duty, a horse must be incredibly balanced and agile. 

These are traits that are perpetuated from one generation to the next through selective 

breeding practices. The authors contend that ambilateral horses may be better suited to 

this work, and thus this trait may have been selectively bred for. Therefore, investigation 

into the heritability of laterality in the domestic dog is important because, in the 

greyhound breed, any genetic basis will have been exploited through hundreds of years of 

selective breeding.  

Paw preference testing with a meat bone may have confounded the results. While 

the Kong paw preference test enables each dog to be tested with the same stimulus, the 

nature of the meat bone paw preference test meant that each dog was tested with a 

slightly different stimulus. Every effort was made to select bones of equivalent size, but 

they inevitably differed to a degree. Despite these concerns, existing evidence indicated 

that this approach was sound. For example, Branson and Rogers (2006) retested dogs 
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from their sample (that had been paw preference tested utilising a Kong) with a meat 

bone and noted a statistically significant positive correlation between the side biases 

expressed on each. Nonetheless, to avoid confounding the data, the use of different 

stimuli to measure paw preference should be avoided wherever possible.   

The results discussed are particularly interesting because they indicate that the 

position of the lure, relative to the dog, is unimportant. That is, dogs do not move directly 

toward the lure, but rather in a direction that is in agreement with their own preference. 

For example, a dog commencing the race from box one (the box closest to the lure and to 

the inside of the track), may not necessarily move toward the lure (as may be expected), 

but may move toward the outer edge of the track if this is its preferred position. 

Consequently, the results of the present study may have animal welfare implications for 

the sport of greyhound racing. Racetrack collisions may occur as a result of individuals 

moving toward their preferred running position after commencing the race from an 

incompatible starting box. If an individual’s behavioural bias was considered during the 

starting box allocation procedure, movement amongst the racing field would presumably 

be reduced and collisions may also be reduced. Racing authorities in the UK have adopted 

such a system, whereby racing stewards observe a dog’s behaviour in its first race, and 

allocate it to an appropriate starting box in each race thereafter (Irish Greyhound Board, 

personal correspondence, 5 June 2009). The reasons behind the implementation of this 

system in the UK are not reported; however, reducing racetrack collisions was presumably 

one factor. There is no data comparing the frequency of racetrack collisions before and 

after the implementation of the seeding system in the UK, and therefore the effectiveness 
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of this practice is unknown. Nonetheless, the results of the present study support the 

investigation and adoption of such a system in Australia.  

To summarise, the findings of the present study indicate that greyhounds exhibit 

consistent behavioural biases across multiple races. The direction in which an individual 

moves upon exiting the starting boxes is consistent with the position in which it 

subsequently runs on the racetrack. These directional preferences are unwavering, 

despite the presence of significant environmental influences that could impact upon their 

expression. For example, starting boxes are allocated according to a random draw system, 

which presumably results in dogs commencing races from boxes that are incompatible 

with their preference.  

A relationship exists between increased left-pawedness and an increased 

frequency of running in the rail position. An explanation for this finding may be the 

lateralisation of the stress response system, which may cause left-pawed dogs to 

experience increased arousal both during paw preference testing and racing. Similarly, in 

the right-pawed and ambilateral dogs, the arousal levels experienced at the racetrack and 

during paw preference testing may have varied and therefore, produced differences in the 

biases expressed in these environments. Future research should investigate the influence 

of cortisol levels on the expression of manual laterality in the dog, and consider the stress 

hormone levels that are present in the greyhound at the racetrack versus the home 

environment. Finally, the results of the present study may have implications for animal 
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welfare, in that collisions on the racetrack may be reduced by allocating dogs to starting 

boxes that are compatible with their intrinsic behavioural preferences. 
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Chapter 4 

Study 2 

The Relationship Between Lateralisation and Temperament 

4.1 AIMS OF THE CURRENT STUDY 

This chapter describes a study that investigated the relationship between motor 

laterality and temperament in the domestic dog. There is existing evidence from a number 

of animal studies which indicates that various temperament factors may be lateralised. 

For example, positive and negative affect have been associated with the left and right 

hemispheres, respectively (Ahern & Schwartz, 1979; Schiff & Lamon, 1994). The impact of 

brain lateralisation on temperament in the domestic dog is not well understood, despite 

the fact that dogs live closely alongside humans and serve a number of roles in which 

temperament is of high importance. Therefore, the aim of the study was to compare 

various temperament traits with paw preference to determine whether particular 

temperament traits are associated with lateral motor biases. Temperament was measured 

by administering a questionnaire to the owners of pet dogs, and manual laterality was 

quantified utilising the Kong measure of paw preference. 

4.2 INTRODUCTION 

In humans, it is believed that the brain’s hemispheres play differing roles in 

emotional functioning (Borkenau & Mauer, 2006). The Valence-Specific Hypothesis (VSH) 

posits that the left hemisphere is responsible for the processing of positive emotions, 
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while the right hemisphere is responsible for the processing of negative emotions (Ahern 

& Schwartz, 1979). However, the boundaries of this theory are questioned by some 

neuroscientists who assert that the emotion processing system is more complex and 

multifaceted than the VSH suggests (Killgore & Yurgelun-Todd, 2007). Despite the 

contention, it has been established that, in humans, the left hemisphere is dominant for 

the processing of positive, approach-related emotions, while the right hemisphere is 

dominant for the processing of negative, withdrawal-related emotions (Davidson, 1992a; 

Killgore & Yurgelun-Todd, 2007). 

In the present study, various temperament traits were quantified by administering 

an owner-rated assessment of temperament, the Canine Behavioral Assessment and 

Research Questionnaire (C-BARQ) (Hsu & Serpell, 2003) to the owners of pet dogs. The 

same dogs were also tested for a paw preference, utilising the Kong paw preference test 

described in Chapter 2, to determine whether associations exist between motor laterality 

and temperament.  

4.3 TEMPERAMENT 

There is much disagreement regarding how best to define temperament (Murphy, 

1998). Broadly, a dog’s temperament influences the way in which it reacts to the 

environment and can be likened to the construct of human personality (Jones & Gosling, 

2005). Some researchers refer to temperament as ‘animal personality’ and describe it as 

those individual or behavioural differences that remain stable across time and situations 

(Svartberg, 2002). However, use of the term ‘personality’ is largely avoided due to the 
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anthropomorphic connotations it carries (Jones & Gosling, 2005). It has been suggested 

that the scarcity of literature concerned with temperament in the domestic dog may be 

the result of the uncertainty surrounding the lexicon that should be employed to describe 

temperament and its many factors (Goodloe, 1996). The inconsistent lexicon associated 

with the field is largely the consequence of the broad range of backgrounds from which 

the researchers studying canine behaviour come. Nonetheless, most agree on the 

definition of temperament in its broadest sense. 

Temperament is highly important to dog trainers (Holmes, 1979), dog breeders 

(Podberscek & Serpell, 1996) and animal shelter staff (Hart, 1995; Hart & Hart, 1985; 

Segurson, Serpell, & Hart, 2005), amongst others. Not only is temperament a large 

contributing factor to the surrender of dogs to animal shelters (Miller, Staats, Partlo, & 

Rada, 1996; Patronek, Glickman, Beck, & McCabe, 1996), but shelter staff must also 

consider temperament in their decision to either adopt out or euthanize surrendered dogs 

(Vanderborg, Netto, & Planta, 1991). Additionally, given the prevalence of dog bite 

injuries, temperament has implications for public safety (Lockwood, 1997; Penny, 2001; 

Pillonel, 2001; Uchida, 2001). Temperament is also important to humans in that it is one 

of the primary factors involved in the selection of dogs to perform service roles within the 

community (Svartberg, 2002). Accordingly, a comprehensive review of the literature 

carried out by Jones and Gosling (2005) showed that, within the field of canine 

temperament, working dog selection has been a primary focus. In particular, there has 

been considerable research dedicated to the development of temperament tests that can 

be administered to puppies or young dogs in order to identify those suitable for service 
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dog work. For example, attempts have been made to produce temperament tests that can 

be utilised in the early selection of police dogs (Slabbert & Odendaal, 1999; Svartberg, 

2002) and guide dogs (Batt, et al., 2008a; Goddard & Beilharz, 1984, 1986). Raising and 

training these dogs is time consuming and costly, and thus being able to eliminate the 

unsuitable candidates at the earliest convenience is of great economic benefit (Serpell & 

Hsu, 2001). Similarly, adopting out younger animals that have been deemed unsuitable for 

service work is likely to be more successful than adopting out older dogs.  

Temperament tests developed to assist in the early selection of service dogs are 

utilised effectively within these contexts, but may be of limited use beyond these 

applications. This is because the tests usually focus on very specific aspects of 

temperament that are relevant to the particular role for which the dog is being assessed, 

rather than on the quantification or profiling of an individual animal’s temperament. In 

fact, most tests simply determine a dog to be either suitable or unsuitable for a particular 

vocation based on the subjective opinion of the assessor. Therefore, tests of this nature 

tend to be of little use to pet owners and researchers interested in defining temperament.  

Hsu and Serpell (2003) suggest that, in order to validate a consistent and 

comprehensive assessment of temperament, data must be collected from the general 

population and not limited to just a few breeds or to dogs being assessed for a particular 

service role. This recommendation is sensible, but does pose some difficulties. Collecting 

data from pet dogs is not as practical as collecting data from those housed in a laboratory, 

animal shelter, or training facility. Indeed, as Hsu and Serpell (2003) argue: this may be 
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one of the quandaries associated with canine temperament research; simply observing 

the number of dogs required for a sound statistical validation of a temperament measure 

would prove unfeasibly time consuming, particularly if tests had to be performed in each 

dog’s home environment. An additional confound associated with this method of 

validation is that it is unlikely that an assessor would be able to observe an array of 

behaviours that are representative of a dog’s temperament during a short observational 

period (Martin, 1993). It may prove more efficient for pet dogs to be tested during a visit 

to a laboratory but, given the novel testing environment, the results obtained also could 

not be considered an accurate reflection of the dog’s temperament. Another confound 

associated with temperament testing dogs on a single occasion is that owners may 

influence their dog’s behaviour by giving out subconscious cues, as exemplified by the 

‘Clever Hans’ phenomenon (Ladewig, 2007). For this reason, the results derived from such 

a testing session could only be said to reflect the dog’s temperament at that particular 

moment in time.  

4.3.1 Measuring Temperament with a Questionnaire 

Hsu and Serpell (2003) propose a method by which many of the issues associated 

with the validation of a temperament assessment can be overcome; a questionnaire that 

can be administered to a dog’s primary caretaker. This type of questionnaire asks the 

respondent to describe their dog’s typical behaviour in a given situation, and thus reflects 

the dog’s enduring behaviour. The authors explain that this method of data collection is 

superior, especially in the case of pet dogs, because owners undoubtedly know their dog’s 
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typical behaviour in a given situation better than anybody else. Accordingly, Serpell and 

Hsu (2001) developed a 40 item owner-rated temperament questionnaire intended for 

guide dog ‘puppy raisers’. The questionnaire employed a methodological approach that 

was based upon human personality studies, whereby a person’s typical responses to 

particular stimuli are scored by someone close to them (for example, a parent will provide 

information regarding their child’s behaviour) (Hegvik, McDevitt, & Carey, 1982). A five 

point rating scale was utilised in the initial questionnaire, with a score of ‘one’ 

representing no reaction to a particular stimulus and a score of ‘five’ representing a strong 

reaction to the stimulus. For example, the item concerned with ‘response to traffic’ is as 

follows: 

Seems unperturbed by 
heavy traffic 

 Is obviously alarmed or 
frightened by heavy traffic 

                                     1.............2.............3.............4.............5 
 

Utilising factor analysis to investigate the 40 questionnaire items, 8 factors were 

found that accounted for 63% of the shared variance in item scores. The internal 

consistency of four of these factors indicated that they were valid measures of 

temperament, across various breeds and both sexes. This study was also the first to 

produce evidence suggesting that the ratings made by a guide dog ‘puppy raiser’ 

regarding its temperament could predict its future success.    

Hsu and Serpell (2003) extended upon this initial assessment and validated a 152 

item questionnaire for the measurement of behaviour in dogs of various breeds. A five 

point rating system was once again utilised throughout the questionnaire, with a factor 
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analysis extracting eleven factors that accounted for 57% of the variance observed in the 

item scores. These factors were: stranger-directed aggression, owner-directed aggression, 

stranger-directed fear, non-social fear, dog-directed fear or aggression, separation-related 

behaviour, attachment or attention seeking behaviour, trainability, chasing, excitability, 

and pain sensitivity. To validate the eleven identified factors, questionnaires were 

administered to the owners of two hundred dogs known to exhibit behavioural problems. 

Each dog’s behavioural problems, as diagnosed by a professional behaviourist, were 

matched with the most appropriate factors arising from the questionnaire. For example, if 

a behavioural practitioner had diagnosed a dog as being aggressive towards its owner, it 

was placed in the ‘owner-directed aggression’ group. There were several occurrences of 

dogs being placed into more than one category, as many exhibited numerous behavioural 

problems. Four of the factors identified in the questionnaire were not validated, as few 

dogs demonstrated the relevant behaviours. These four factors were pain sensitivity, 

chasing, excitability and trainability. The diagnoses of ‘aggressive toward unfamiliar dogs’ 

and ‘fearful toward unfamiliar dogs’ were combined into one measure of ‘dog-directed 

fear or aggression’ because of the considerable overlap between these two behaviours. 

That is, where one of the behaviours was present, the other usually was too. The 

convergent validity of the questionnaire was examined by determining whether the dogs 

with known behavioural problems scored higher on the corresponding questionnaire 

items, than did dogs with unrelated problems. Discriminant validity was examined by 

verifying that there were no significant relationships between unrelated behavioural 

problems, or scores associated with unrelated questionnaire items. Hsu and Serpell (2003) 
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compared the factors identified by the questionnaire to those of their earlier version 

(Serpell & Hsu, 2001) and observed that many of the same factors were present in both 

questionnaires. They therefore concluded that the behavioural traits represented by the 

questionnaire factors were consistent across different populations of dogs. The authors 

did, however, identify a potential confound associated with the validation process, which 

was that owners not only completed the questionnaires, but also provided background 

information about their dog to the consulting behaviourist. Therefore, the independence 

of the two data sources could be considered questionable. However, the authors contend 

that practitioners should gather their own information through observation and form 

independent judgements. On this basis, the authors maintain that the validation process 

employed is as reliable as is possible in the study of pet dogs.   

The C-BARQ is the questionnaire resulting from Hsu and Serpell’s (2003) owner-

rated temperament assessment validation study. The authors have slightly modified the 

questionnaire from its original form to include two new factors: familiar dog aggression 

and chasing. Additionally, the reliability of some of the existing factors has been improved, 

resulting in a 101 item questionnaire designed for use by dog owners and researchers to 

quantify temperament. This questionnaire was employed for use in the present study 

because of its ability to quantify various canine behavioural traits.  

4.4 MOTOR LATERALITY AND TEMPERAMENT 

Results of animal experimentation are increasingly indicative of the VSH extending 

to non-human animals. In a study of adult humans it was found that repeated contractions 
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of the right hand were associated with the expression of positive emotions, while 

contractions of the left hand were associated with the expression of negative emotions 

(Schiff & Lamon, 1994). Davidson (1992b) contends that positive emotions are associated 

with approach behaviours, whereas negative emotions are associated with avoidance 

behaviours. The results of animal experimentation bring these findings together. For 

example, Hopkins and Bennett (1994) found that right-handed chimpanzees approached 

and touched novel objects more readily than did their left-handed counterparts. Similarly, 

Cameron and Rogers (1999) found that right handed marmosets were faster to enter a 

novel environment and touched more objects than did their left handed counterparts. The 

results of these studies lend support to the VSH, as the left hemisphere was shown to be 

associated with positive emotions, demonstrated by increased approach behaviour in a 

novel context, while the right hemisphere was linked with negative emotions, 

characterised by a greater latency to approach and interact with novel objects.  

Westergaard et al. (2003) studied the relationship between manual laterality and 

temperament in a free-ranging sample of adult male macaques. Handedness was 

determined by observing the hand with which monkeys picked up food items over 50 

trials. The authors discovered that male rhesus macaques demonstrating a left-hand bias 

were more likely to be subjected to violent attacks from conspecific animals and more 

likely to be socially isolated. Right-handed macaques on the other hand, spent more time 

in close proximity to other animals and were involved in more grooming interactions with 

conspecifics.  
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More recent research, with particular relevance to the present study, investigated 

the relationship between motor laterality and emotional reactivity in the domestic dog. 

Branson and Rogers (2006) investigated the association between paw preference and 

noise phobia in response to the sounds of thunder and fireworks. In line with the existing 

literature, the authors hypothesised that dogs exhibiting a left paw preference would 

display a greater degree of noise phobia. However, the authors also considered the 

possibility that differences in reactivity could exist between lateralised and nonlateralised 

individuals. Indeed, the findings indicated that dogs exhibiting a paw preference were less 

likely to experience noise phobia, than those demonstrating ambilaterality. The authors 

explain that possession of a lateralised brain affords an organism certain survival 

advantages that may extend to emotional behaviour. This assertion is based on an earlier 

study by Rogers et al. (2004) which showed that nonlateralised chicks were unable to 

discriminate grain from pebbles and simultaneously remain vigilant for predators, 

whereas lateralised chicks could perform both tasks well. Nonlateralised chicks have also 

been shown to vocalise more in response to predators, which may indicate a heightened 

fear response in these individuals (Dharmaretnam & Rogers, 2005).  

Branson and Rogers (2006) argue that noise phobia is a maladaptive behavioural 

trait that is likely to be disadvantageous to an individual. It has been compared to human 

anxiety disorders, such as post traumatic stress disorder or alexithymia, because these 

conditions all involve the expression of intense emotions (Overall, 2000; Thompson, 

1998). Indeed, further support for Branson and Rogers’ findings comes from the human 

anxiety disorder literature, which suggests that people suffering from anxiety disorders 



109 
 

 
 

and psychosis tend to be weakly lateralised (Chapman & Chapman, 1987; Crow, 1997; 

Parker, Keightley, Smith, & Taylor, 1999; Spivak, Segal, Mester, & Weizman, 1998; Watson, 

Clark, & Tellegen, 1988; Zeitlin, Lane, Oleary, & Schrift, 1989). This study, therefore, 

indicates that the relationship between emotionality and motor laterality may be more 

complex than the VSH suggests. It also provides the first evidence to suggest that canine 

behavioural disorders may share some physiological properties with disorders observed in 

humans, and supports the literature advocating the advantages of cerebral lateralisation.  

A recent study by Batt et al. (2009) supports Branson and Rogers’ (2006) findings. 

These authors found that dogs demonstrating a stronger paw preference, as manifested 

by the tape test (described in Chapter 2), displayed reduced latencies to catch a moving 

object. The authors contend that the willingness of those dogs displaying a stronger paw 

preference to engage with an unfamiliar object indicated that these dogs were bolder in a 

situation of novelty. The same authors also noted that dogs with a stronger paw 

preference displayed a shorter latency to rest, indicating that these dogs were calmer in a 

novel environment. Dogs exhibiting a right paw preference and dogs with a stronger paw 

preference were also found to display greater latencies to approach an unfamiliar person. 

This finding does not accord with the previously discussed results, but the authors offer an 

explanation for this. They contend that many of the dogs displayed extreme excitement 

during the Social Contact Test and tended to rush toward the unfamiliar person, so it may 

be the case that the dogs displaying a greater latency to approach the person were simply 

calmer in this particular situation, but nonetheless still bold and outgoing. 
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Siniscalchi, Sasso, Pepe, Vallortigara, and Quaranta (2010) conducted an 

experiment in which dogs engaging in feeding behaviour were presented with a silhouette 

of a dog, cat, or snake, in both the left and right visual fields. The researchers observed 

the direction in which dogs turned to view the stimulus and noted that, in response to the 

dog-shaped stimuli, there was no directional bias. However, when the cat and snake 

stimuli were presented, there was a tendency for dogs to turn their head towards the 

stimulus located on the left side. Given that the majority of visual input perceived by each 

eye is processed by the contralateral hemisphere (Cullen, McMillan, & Webb, 2009), this 

directional bias suggests that the right hemisphere was activated in response to the 

stimuli. The authors note that this response is in agreement with what is known about the 

right hemisphere; that it is responsible for the expression of fear and aggressive 

responding (Casperd & Dunbar, 1996). The authors explain that the cat was depicted in a 

defensive threat posture, and that snakes are known to evoke alarm responses in many 

species (Siniscalchi, et al., 2010). When only one silhouette was presented to the dogs 

(either on the left or right side), the dogs also displayed greater responsiveness to the left 

side. The authors note the agreement of this novel study with a previous study in which 

dogs were presented with auditory stimuli to the left and right sides (Siniscalchi, 

Quaranta, & Rogers, 2008). In that study, the authors noted that, when presented with 

auditory stimuli of a conspecific vocalising, the dogs tended to turn towards the right side, 

whereas when presented with the sounds of thunder, the dogs tended to turn towards 

the left side.  
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The studies discussed indicate that the principles underpinning the VSH may be 

relevant to the study of temperament and laterality in non-human animals. The animal 

experimentation literature largely supports right hemisphere dominance for the 

processing of emotive stimuli related to fear and negative affect, and the left hemisphere 

for the processing of emotive stimuli related to approach behaviour and positive affect. 

There is also a body of literature suggesting that there are differences between lateralised 

and nonlateralised individuals that provide those lateralised organisms with advantages 

(irrespective of the hemisphere in which a particular function is processed) (Rogers, et al., 

2004). Indeed, the literature concerned with temperament and laterality in the dog, 

although sparse, appears to support this notion. However, it is important to highlight that 

these concepts are not mutually exclusive and thus being lateralised according to the 

principles of the VSH may also provide organisms with advantages.  

With the above principles in mind, the present study will adopt an exploratory 

approach to study the relationships that exist between paw preference and temperament 

in the domestic dog. Hypotheses will be based on the principles of the VSH, given the 

extensive body of literature supporting this theory in both humans and animal models. 

However, in light of the results of recent canine studies and the notion that being 

lateralised provides an organism with advantages, irrespective of the direction of 

lateralisation, the differences between lateralised and nonlateralised individuals will also 

be investigated. Finally, the strength of paw preference (irrespective of the direction) will 

be compared to the C-BARQ subscale items to ascertain whether relationships exist 

between behaviour and the degree of motor laterality. 
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The C-BARQ separates temperament traits into various subscales, which makes it 

an ideal tool with which to probe the nuances of the laterality-temperament interaction. 

Based on the previous literature indicating right hemisphere dominance for the processing 

of negative affect and withdrawal behaviour, dogs exhibiting a preference for the left paw 

were hypothesised to score higher on the following C-BARQ subscale items – stranger 

directed aggression, stranger directed fear, dog directed aggression/fear, 

attachment/attention seeking, touch sensitivity, owner directed aggression and familiar 

dog aggression. In light of Batt el al.’s (2009) findings it was also hypothesised that dogs 

with a weaker paw preference would score higher on the excitability subscale. In line with 

Branson and Rogers’ (2006) findings regarding anxiety related conditions in the dog, it was 

hypothesised that dogs displaying ambilaterality would score higher on the non-social fear 

and separation related problems subscales. Finally, given that trainability reflects a dog’s 

disposition, it was hypothesised that dogs displaying a preference for the right paw would 

score higher on the trainability subscale. The study hypotheses are summarised in Table 

4.1. A questionnaire that gathered information about the dog and its home environment 

was also administered to dog owners in an attempt to investigate factors, other than paw 

preference, that may be associated with temperament.  
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Table 4.1 

Summary of Study Hypotheses 

C-BARQ Subscale Item Hypothesis 

Stranger directed aggression  Left pawed dogs will score higher 

Stranger directed fear  Left pawed dogs will score higher 

Non-Social Fear  Ambilateral dogs will score higher 

Separation related problems  Ambilateral dogs will score higher 

Dog Directed Aggression/Fear  Left pawed dogs will score higher 

Attachment/Attention Seeking  Left pawed dogs will score higher 

Energy  Stronger paw preference will score higher 

Trainability  Right pawed dogs will score higher 

Excitability  Weaker paw preference will score higher 

Chasing  Stronger paw preference will score higher 

Touch Sensitivity  Left pawed dogs will score higher 

Owner Directed Aggression  Left pawed dogs will score higher 

Familiar Dog Aggression  Left pawed dogs will score higher 
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4.5 QUESTIONNAIRES 

The next two sections of this chapter will describe the two questionnaires that 

were administered to the owners of pet dogs in an attempt to gather information about 

their dogs’ temperament, living conditions, and social interactions.   

4.5.1 Canine Behavioral Assessment and Research Questionnaire (C-BARQ) 

As previously described, the C-BARQ contains 101 items that ask owners to rate 

their dog’s typical behaviour in a given situation using a five point rating scale, with a 

score of ‘one’ representing no reaction to a particular stimulus and a score of ‘five’ 

representing a strong reaction to the stimulus. A copy of the C-BARQ is provided in the 

appendices section (Appendix A).  

Items in the questionnaire were scored according to the following: Never = 0, 

Seldom = 1, Sometimes = 2, Usually = 3 and Always = 4, with the exception of three items 

(items 5,6 and 7), which were reverse scored (Never = 4, Seldom = 3, etc.). Behaviour 

subscale scores were calculated according to the formulae provided in Appendix B. The 

minimum possible score for all of the subscale items was zero, and the maximum possible 

score was 4. The number of questionnaire items that made up each of the behaviour 

subscale scores is presented in Table 4.2.  
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Table 4.2 

List of C-BARQ Behavioural Subscales and Number of Individual Questionnaire Items 

Comprising Each Subscale 

C-BARQ Subscale Item 
Number of Items Comprising Each 

Subscale 

Stranger directed aggression 10 

Stranger directed fear 4 

Non-Social Fear 6 

Separation related problems 8 

Dog Directed Aggression/Fear 8 

Attachment/Attention Seeking 6 

Energy 2 

Trainability 8 

Excitability 6 

Chasing 4 

Touch Sensitivity 4 

Owner Directed Aggression 8 

Familiar Dog Aggression 4 
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4.5.2 Canine Interaction and Home Environment Questionnaire (CIHEQ) 

A questionnaire was developed in order to gather information relating to factors, 

other than paw preference, that may be associated with various aspects of canine 

temperament. This questionnaire was administered to all owners at the same time as the 

C-BARQ.  The questionnaire gathered information about the dog’s sex, age and breeding 

(‘breeding’ referred to whether the dog was a purebred or crossbreed animal). Details of 

various environmental factors that may influence a dog’s behaviour were also collected by 

the questionnaire. For example, there were items that related to the dog’s home 

environment, such as the size and locality of the dog’s residence (a corner block, for 

example), and whether the dog was regularly able to view the footpath or street. If 

owners reported that their dog was able to view the street, they were asked to briefly 

describe the dog’s typical reaction to visual stimuli. The questionnaire also gathered 

information about the frequencies of grooming and exercise regimes, and whether or not 

the dog attended training classes. Data derived from the questionnaire were coded for 

statistical analysis. If concerned with the frequency of a particular event (such as the 

amount of exercise or grooming a dog received), the data were converted to a monthly 

scale to provide metric figures that could be utilised for the subsequent statistical analysis. 

A copy of the CIHEQ is included in the appendices (Appendix C). 
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4.6 METHODS 

4.6.1 Subjects 

Subjects for the present study were recruited through advertisements placed in 

local newspapers. The owners of 73 dogs were provided with detailed information about 

the study and subsequently agreed to take part.  The sample of dogs included 35 males 

and 37 females, with a mean age of 4.82 years (SD = 3.42) Seventeen dogs were reported 

by their owners to be crossbreeds and 56 were reported to be purebred. Of those dogs 

reported to be purebred, 35 were registered as such with the Australian National Kennel 

Council (ANKC). Where comparisons have been made between purebred and crossbreed 

dogs, the claims made by owners regarding their dog’s breeding has been accepted as 

true. That is, the separation of dogs based on breeding was not based on whether or not 

the dog was registered as a purebred with the ANKC but, rather, on the statements made 

by owners. This decision was made because many dogs resembled a particular breed, but 

were not formally recognised as that breed by the ANKC. Thus, it was thought that placing 

these dogs into the crossbreed category would contaminate the dataset.   

4.6.2 Testing Procedure 

Owners and dogs attended individual testing sessions with the experimenter, all 

conducted in a large room that was quiet and free from distractions. Upon arrival at the 

testing facility, all owners were encouraged to walk their dog around the large park 

adjacent to the testing area, in order to familiarise the dog with the surroundings and to 

provide it with the opportunity to relieve itself before the testing session commenced.  
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Testing was conducted between the hours of 0900 hours and 1700 hours. Owners 

were encouraged to deprive their dog of food for at least three hours prior to the testing 

session, although this was not a formal requirement of the study. 

4.6.3 Testing Location 

Dogs were tested on a flat surface, which was the floor of a large room 

(approximately 10m x 15m) that was free of obstacles (with the exception of a desk and 

two chairs located to one side of the room where the owner and experimenter sat to 

observe the dog). The shape and nature of the room was such that there were no overt 

features that could have influenced the dogs’ behaviour. When an individual dog entered 

the testing area, the food stuffed Kong was already placed in the centre of the room and 

therefore the owner simply had to release the dog from its leash to commence the testing 

session. Dogs typically approached and started interacting with the Kong quite rapidly.  

4.6.4 Observing Paw Use 

Paw usage was recorded according to the criteria described in Chapter 2. If a dog’s 

interest in the task subsided significantly, the owner was instructed to call the dog away 

from the Kong, place it on a leash and take it for a brisk walk outside of the testing space. 

During this time the experimenter replaced the Kong, if necessary. 

4.6.5 C-BARQ and CIHEQ Questionnaires 

Owners were given the C-BARQ and CIHEQ questionnaires at the paw preference 

testing session. They were asked to complete the questionnaires and to return them to 
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the experimenter using the reply paid envelope provided. Only one owner did not return 

the questionnaire. 

4.7 RESULTS 

4.7.1 Statistical Analyses 

For all statistical analyses, an alpha value of less than 0.05 was considered 

statistically significant.   

4.7.2 Paw Preference 

Paw usage was observed according to the method described in Chapter 2. Z-scores 

based on a binomial distribution were calculated to determine whether the observed 

distribution of paw usage differed significantly from that which would be expected by 

chance. The formula utilised was 𝑧 = (R− 0.5𝑁)
�(0.25𝑁)

 where R represented the number of right 

paw usages and N the total of left and right paw usages. A positive z-score ≥ 1.96 indicated 

a right paw preference, a negative z-score  1.96 indicated a left paw preference, and a 

value between these indicated ambilaterality.  

4.7.3 Lateralisation in the Sample of Dogs 

According to the z-scores calculated, 63% of the 73 dogs in the sample 

demonstrated motor laterality and 37% did not (Figure 4.1). There was a statistically 

significant difference between the number of dogs that demonstrated lateralised paw use 

and those that were ambilateral χ2(1, N = 72) = 4.95, p < .05. However, when the three 



120 
 

 
 

paw preference groups were compared, 34.2% of dogs demonstrated a left paw 

preference, 28.8% of dogs exhibited a right paw preference, and the remaining 37% 

exhibited ambilaterality (Figure 4.2). This distribution did not differ from what would be 

expected by chance χ2(2, N = 71) < 1. This suggests that population level laterality was not 

present in the sample of dogs. 

 

Number of Dogs Demonstrating Lateralised and Ambilateral Forelimb Usage 

 

Figure 4.1 Number of dogs demonstrating lateralised and ambilateral paw 

usage, as determined by z-score calculations. 
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Number of Dogs Demonstrating Left Paw Preference, Right Paw Preference, 

and Ambilaterality 

 

Figure 4.2 Number of dogs demonstrating left paw preference, 

ambilaterality, and right paw preference, as determined by z-score 

calculations. 
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4.7.3.1 Laterality Index 

As discussed in Chapter 2, a Laterality Index (LI) score was calculated, as this 

allowed the strength of each dog’s paw preference to be situated along a continuum 

ranging from -1 to +1. The LI is calculated using the following formula: R - L/L + R, where R 

represents the number of right paw usages, and L represents the number of L paw usages. 

A score of -1 indicates exclusive left paw usage, while a score of +1 indicates exclusive 

right paw usage. A score of 0 indicates that the dog employed equal use of the left and 

right paws and thus exhibited no preference. The distribution of LI scores are presented in 

Figure 4.3; the scores are normally distributed, suggesting that the trend of the population 

was toward weak laterality/ambilaterality, which is confirmed by the distribution of 

absolute LI values (Figure 4.4).  

4.7.3.2 Effect of Sex and Age on Paw Preference 

Chi-squared analysis revealed no significant difference between the paw 

preferences exhibited by male and female dogs (χ2(2, N = 71) < 1). Analysis of variance 

indicated that the mean ages of left pawed, right pawed, and ambilateral dogs did not 

significantly differ, F(1,66) < 1. 

  



123 
 

 
 

 

Distribution of Strength of Paw Preference 

 

Figure 4.3 Distribution of Laterality Index (LI) scores. LI categories are 

presented in 0.9 increments, ranging from -1 to 1, on the x axis. The y axis 

indicates the number of dogs in each category. 
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Distribution of Absolute Strength of Paw Preference 

 

Figure 4.4 Absolute LI values. That is, LI values with signs removed. This 

distribution is skewed towards the left and thus reveals a trend toward 

weaker paw preference at the level of the population. 

  

Absolute Strength of Paw Preference (LI)

0- 
0.0

9

0.1
- 0

.19

0.2
- 0

.29

0.3
- 0

.39

0.4
- 0

.49

0.5
- 0

.59

0.6
- 0

.69

0.7
- 0

.79

0.8
- 0

.89

0.9
- 1

.00

N
um

be
r o

f D
og

s

0

2

4

6

8

10

12

14

16

18



125 
 

 
 

4.7.4 Temperament Items 

This section presents results of the investigation into the association between paw 

preference, other environmental factors and scores on various subscales of the C-BARQ 

questionnaire. Preliminary data analysis revealed that only a very small numbers of dogs 

occupied corner residential allotments and that even fewer were able to view the street 

or footpath. Due to this small representation in the total sample and therefore the lack of 

statistical power associated with these variables, they were not included in subsequent 

analyses. 

4.7.4.1 Relationships Between C-BARQ Subscale Items and Paw Preference Group 

One-way Analysis of Variance was utilised to determine whether there were 

significant differences between the scores obtained on the various C-BARQ subscales for 

dogs exhibiting a left paw preference, right paw preference, or ambilaterality (based on z-

score calculations). This analysis revealed that C-BARQ subscale scores did not differ 

significantly between the three paw preference groups. However, post-hoc analysis 

indicated that the scores on the stranger directed aggression subscale were higher for the 

left-pawed dogs than for the ambilateral dogs. These results are presented in Table 4.3. 

 



 
 

 
 

Table 4.3  

One-Way ANOVA Results for C-BARQ Subscale Items in Relation to Paw Preference Group 

†F df(2, 52-65)

Dependent Variable 
Group 1 

Left Paw Preferent 
M (SD) 

Group 2 
Right Paw Preferent 

M (SD) 

Group 3 
Ambilateral 

M (SD) 
F† Post-hoc η2 

Stranger directed aggression  .47   (.55) .33  (.39) .23 (.22) 2.09 1>3 .06 

Stranger directed fear .50  (.88) .39  (.75) .19 (.40) 1.24 - .04 

Non-social fear  .63   (.60) .67  (.54) .72 (.70) < 1 - .00 

Separation related problems  .29  (.42) .27  (.35) .38 (.52) < 1 - .01 

Dog directed aggression/fear  .84   (.71) .65  (.69) .52 (.61)     1.29 - .04 

Attachment/attention seeking 1.91   (.84) 2.03  (.64) 1.83 (.55) < 1 - .02 

Energy  2.34   (.75) 2.29  (.87) 2.26 (1.02) < 1 - .00 

Trainability 2.71   (.69) 3.06  (.58) 2.89 (.56)   1.77 - .05 

Excitability 2.17   (.75) 2.30  (.63) 2.11 (.79) < 1 - .01 

Chasing 2.23  (1.09) 1.75   (1.20) 1.94 (1.07)   1.02 - .03 

Touch Sensitivity .43  (.62) .53  (.50) .51 (.40) < 1 - .01 

Owner directed aggression .16 (.32) .11 (.21) .07 (.23) < 1 - .02 

Familiar dog aggression .49 (.58) .38 (.60) .40 (.51) < 1 - .01 

126 
 



127 
 

 
 

4.7.4.2 Relationships Between C-BARQ Subscale Items and the Presence or Absence of 

Motor Laterality 

Independent samples t-tests were calculated to ascertain whether there were 

differences between lateralised and ambilateral dogs on the various C-BARQ subscales. 

For this analysis, dogs defined as left or right paw preferent, according to z-score 

calculations, were combined and categorised as lateralised, with the remaining dogs 

categorised as ambilateral. The results indicated that dogs exhibiting motor laterality 

scored higher on the stranger directed aggression subscale than did those dogs 

demonstrating ambilaterality (Figure 4.5). However, further investigation revealed that 

this difference was mainly due to the higher scores obtained by left-pawed dogs. A Fisher 

Least Significant Difference post-hoc test revealed a statistically significant difference 

between left-pawed and ambilateral dogs. There was, however, no significant difference 

between the scores obtained by left and right-pawed dogs, or between right-pawed and 

ambilateral dogs. The association between laterality and stranger directed aggression was 

the only relationship that reached statistical significance. The results of the independent 

samples t-tests are presented in Table 4.4. 
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Mean Stranger Directed Aggression Subscale Scores of Lateralised and Ambilateral Dogs 

 

Figure 4.5 Mean stranger directed aggression subscale scores for dogs 

demonstrating motor laterality and dogs demonstrating ambilaterality. Error 

bars represent the standard error of the mean. 
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Table 4.4  

Difference Between C-BARQ Subscale Items for Lateralised and Ambilateral Dogs  

Dependent Variable 
Lateralised 

M (SD) 

Ambilateral 

M (SD) 
t† d 

Stranger directed aggression .40 (.48) .23  (.22) 2.12* .49 

Stranger directed fear .45 (.82) .19  (.40) 1.78 .43 

Non-social fear  .65 (.57) .72  (.70) < 1 .11 

Separation related problems  .33 (.47) .27  (.35)  < 1 .15 

Dog directed aggression/fear .75 (.70) .52  (.61) 1.34 .35 

Attachment/attention seeking 1.96 (.75) 1.83  (.55)  < 1 .20 

Energy 2.32 (.80) 2.26  (1.02)  < 1 .07 

Trainability 2.87 (.66) 2.89  (.56) < 1 .03 

Excitability  2.23 (.70) 2.11  (.79) < 1 .16 

Chasing 2.03 (1.14) 1.94  (1.07) < 1 .08 

Touch sensitivity  .48 (.56) .51  (.40) < 1 .06 

Owner directed aggression .14 (.27) .07 (.23) 1.06 .28 

Familiar dog aggression .44 (.58) .40 (.54) < 1 -.31 

†df(1, 52-69), *p < .05 
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4.7.4.3 Correlations Between Strength of Paw Preference and C-BARQ Subscale Items 

The relationships between the various C-BARQ subscales and the absolute strength 

of paw preference were analysed utilising Pearson product-moment correlation 

coefficients. This analysis revealed no significant relationships, indicating that the degree 

of motor laterality was not associated with a dog’s temperament.  

4.7.4.4 Correlations Between ‘Demographic’ Variables and C-BARQ Subscale Items 

Given the lack of evidence to support a relationship between paw preference and 

temperament, other variables that may have influenced C-BARQ subscale scores were 

investigated. The relationships between the individual subscale items and the 

demographic variables derived from the CIHEQ were initially investigated utilising Pearson 

product-moment correlation coefficients. This analysis provided the first insight into 

which variables may have been associated with the C-BARQ subscale items, and thus 

provided some indication as to which variables should be inserted into the subsequent 

multiple regression analyses. The results of the Pearson product-moment correlation 

coefficients are presented below (Table 4.5). Sex did not correlate with any of the subscale 

items, and age only correlated with one item (energy). As expected, the younger dogs in 

the sample displayed higher energy levels than did the older dogs. Breeding correlated 

moderately with four of the subscale items. Dogs that were reported by their owners to 

be purebred scored lower on the stranger directed aggression, stranger directed fear, 

non-social fear, and touch sensitivity subscales than did dogs reported by their owners to 

be cross-breeds. The frequency of exercise was associated with three of the subscale 
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items. With increased exercise, scores on the non-social fear, familiar dog aggression, and 

excitability subscales were reduced. Similarly, whether or not a dog attended formal 

training classes was correlated with three of the subscale items (stranger directed 

aggression, non-social fear, dog directed aggression/fear). Dogs that attended formal 

training classes displayed less aggression towards strangers, less non-social fear, and less 

aggression/fear towards other dogs. Finally, the frequency of grooming was associated 

with scores on the attachment/attention seeking subscale, with increased grooming 

associated with higher scores on the attachment/attention seeking subscale.  
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Table 4.5 

Correlation of C-BARQ Subscale Items and CIHEQ Variables 

C-BARQ Subscale Item Sex Age Breeding Exercise Training Grooming 

Stranger Directed Aggression -.08 .09 -.30* -.23 .26* .23 

Stranger Directed Fear .04 -.05 -.31** -.22 .01 .12 

Non-Social Fear .04 .04 -.48*** .25* .34** -.11 

Dog Directed Aggression/Fear .07 .11 -.25* -.03 .38** .12 

Familiar Dog Aggression -.18 -.03 .11 -.31* .11 .09 

Owner Directed Aggression -.05 .10 -.18 -.22 .03 .13 

Attachment/Attention Seeking -.15 .11 -.17 .05 .21 .25* 

Energy -.11 -.30* -.05 .04 -.16 -.02 

Touch Sensitivity .02 .34* -.34* .25 .09 -.08 

Trainability -.11 .13 .05 .10 -.21 -.11 

Excitability .02 -.21 -.12 -.29* -.08 -.16 

Chasing .04 .04 -.18 .01 .19 .04 

Separation Related Problems .16 -.11 -.20 -.14 .28* -.17 

*p < .05  **p < .01  ***p < .001 
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4.7.4.5 CIHEQ Variables as Predictors of C-BARQ Subscale Items  

Where more than one CIHEQ variable was correlated with a C-BARQ subscale item, 

hierarchical multiple linear regression analyses using the enter method were employed to 

investigate the relationship between these variables and the subscale score. The 

independent variables inserted into the model were those factors that had previously 

been found to be correlated with the subscale score. In Table 4.6, predictors of the 

stranger directed aggression, non-social fear, dog directed aggression/fear and touch 

sensitivity subscales are presented.  

A consistent predictor of several C-BARQ subscale scores was a dog’s breeding. 

Purebred dogs scored lower on the stranger directed aggression, non-social fear and 

touch sensitivity subscales, than did crossbreds. Dogs that attended training classes scored 

lower on the non-social fear and dog directed aggression/fear subscales. The amount of 

exercise a dog received (according to a ‘frequency per month’ scale) predicted its score on 

the non-social fear subscale. A dog’s score on this subscale was reduced for every day that 

it was walked over the course of a month. Finally, age predicted scores on the touch 

sensitivity subscale, with the results indicating that scores on this behavioural subscale 

increase with age.
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Table 4.6 

Results of Hierarchical Multiple Regression Analysis for C-BARQ Items with CIHEQ Items as 

Independent Variables  

 Variables B Adj-R2 ∆Adj-R2 β t 
Stranger Directed        
Aggression Step 1      

 Constant  0.86    4.20* 
 Breeding -0.29 .08 .08  -.30  -2.59* 

 Step 2      
 Constant  0.54          2.02* 
 Breeding -0.26    -.27   -2.28* 
 Training 0.19 .11 .03  .22 1.86 

      
   F(2,65) = 5.22, p<.01 
Non-Social Fear       
 Step 1      

 Constant  1.73       6.28*** 
 Breeding -0.61 .19 .19   -.44 -4.00*** 
 Step 2      
 Constant  1.50        4.83*** 
 Breeding -0.57     -.42 -3.76*** 
 Exercise  0.01 .20 .01  .18     1.58 
 Step 3       
 Constant  0.95       2.63* 
 Breeding -0.50       -.37 -3.41*** 
 Exercise  0.01      .12    1.09 
 Training  0.35 .27 .07  .29   2.66** 

       
   F(3,63) = 9.23, p<.001 
Dog Directed        
Aggression/Fear Step 1      

 Constant 1.31     3.92*** 
 Breeding -0.37 .05 .05 -.25 -1.98 
 Step 2      
 Constant 0.47    1.09 
 Breeding -0.27   -.18 -1.47 
 Training 0.48 .15 .10 .35 2.88** 

       
   F(2,59) = 6.32, p<.01 
Touch Sensitivity       
 Step 1      

 Constant  0.24    2.13* 
 Age 0.05 .10 .10    .34 2.56* 
 Step 2      
 Constant  1.01     3.27** 
 Age 0.04     .30 2.40* 
     Breeding  -0.42 .20 .10   -.34 -2.65* 

       
    F(2,49) = 7.16, p<.01 
*p < .05 **p < .01 ***p <.001   
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4.8 DISCUSSION 

The aim of this chapter was to determine whether motor laterality is associated 

with temperament in the domestic dog. In order to do this, the relationships between the 

behavioural subscales of the Canine Behavioral Assessment and Research Questionnaire 

(C-BARQ) were examined in relation to the paw preference exhibited by pet dogs on the 

Kong paw preference test. The C-BARQ subscale scores for dogs demonstrating a paw 

preference and those demonstrating ambilaterality were compared and, similarly, the 

subscale scores were compared for dogs demonstrating ambilaterality, a preference for 

the left paw, and a preference for the right paw. Factors related to the dog and its home 

environment (as reported on the CIHEQ) were also compared to the scores obtained on 

the temperament subscales to investigate variables, other than paw preference, that may 

influence behaviour.  

The results indicated that dogs demonstrating motor laterality scored higher on 

the stranger directed aggression subscale than did dogs demonstrating ambilaterality. 

However, this difference was mainly due to the higher scores obtained by left-pawed 

dogs. Therefore, the results support the hypothesis that left paw usage and thus the right 

hemisphere, is associated with increased aggression toward strangers. 

Although no previous research has investigated the relationship between laterality 

and stranger directed aggression in the domestic dog, some authors have suggested that 

there is a relationship between the right hemisphere of the canine brain and the response 

to alarming and threatening stimuli (Siniscalchi, et al., 2010). Additionally, the literature 
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suggests that in many species, aggression is processed in the right hemisphere. Studies 

investigating the relationship between aggression and ocular preferences in a variety of 

species have produced remarkably consistent findings in favour of this relationship. As 

discussed previously, gelada baboons display a left visual field preference during fight, 

threat and aggressive approach behaviour (Casperd & Dunbar, 1996), and South American 

cane toads display a population level bias for performing tongue strikes toward 

conspecifics located in the left visual field (Robins, et al., 1998). Anolis lizards also display a 

preference for the left eye during aggressive encounters and a lack of eye preference 

during less aggressive displays (Deckel, 1995). Importantly, in lizards, toads, frogs, birds 

and most mammals with laterally placed eyes, visual stimuli perceived by each eye are 

projected to the contralateral hemisphere due to an almost complete decussation of the 

optic nerve fibres at the optic chiasm (Rogers, 2002). Therefore, all of these studies 

support the notion that the right hemisphere is associated with attack behaviour.  

Hemispheric specialisation for attack behaviour has also been investigated by 

pharmacologically treating each of the hemispheres and observing the differential 

influences on behaviour. When developing chicks had monosodium L-glutamate injected 

into either the left or right forebrain, it was noted that chicks that received treatment to 

the left hemisphere displayed increased attack behaviour (Howard, et al., 1980). This 

result suggests that in the normally functioning chick, the right hemisphere is responsible 

for attack behaviour and the left hemisphere acts to suppress this. Similarly, a study 

investigating the expression of inter-species aggression between rats and mice noted 

similar findings to those of Howard et al. (1980) (Garbanati, et al., 1983). Rats received 
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either left or right neocortical ablation, sham surgery or no surgery and were 

subsequently exposed to different environmental conditions. Rates of muricide (mouse 

killing) were compared when the rats were between 9 and 12 months of age. Rats that 

received environmental enrichment demonstrated lateralised muricide behaviour. 

Ablation of the left neocortex was found to increase the rate of mouse killing, lending 

further support to the notion that, in the normal rat, the left hemisphere inhibits the 

aggressive response of the right. The findings of this study are particularly relevant to 

those of the present study, given that both report inter-species aggression. 

While the results of the present study indicate a right hemisphere bias for the 

expression of stranger directed aggression in the dog, it is important to note that the level 

of stranger directed aggression exhibited by dogs in the sample was very low. This may 

reflect a selection bias, in so much that people with aggressive dogs were most probably 

reluctant to volunteer their dogs for participation in a behavioural study. Additionally, the 

number of dogs in the community that exhibit aggressive behaviour toward strangers is 

likely to be relatively low, given that aggression toward humans is associated with 

increased relinquishment to animal shelters (Hsu & Sun, 2010). However, while the results 

should be taken with some caution, they provide preliminary evidence to suggest that, in 

the dog, aggression towards unfamiliar humans may be lateralised to the right 

hemisphere. Further exploration of these findings is warranted, given the consequences of 

stranger directed aggression to the community and to the dogs that exhibit it.  
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No significant relationships were observed between the remaining C-BARQ 

subscale items and paw preference. Many of the C-BARQ subscale items are concerned 

with behavioural traits that have not previously been compared to motor laterality in the 

dog. However, there are similarities between the non-social fear, excitability and 

separation related problems subscale items, and behaviours previously investigated in the 

domestic dog. For example, the non-social fear subscale includes items referring to phobic 

behaviour in response to, amongst other things, thunderstorms. Branson and Rogers 

(2006) reported that nonlateralised dogs were more reactive to the sounds of 

thunderstorms and fireworks. However, as mentioned, the findings of the present study 

did not support this. An explanation for this may be that the non-social fear subscale 

comprised six items, of which only two referred specifically to loud noises; one of these 

items referred to the dog’s reaction to sudden loud noises, such as an object being 

dropped, and the other to the dog’s reactivity to the sounds of fireworks and thunder. The 

remaining four items were concerned with situations in which both visual and auditory 

stimuli would presumably be present (for example, one item referred to the dog’s 

behaviour in the presence of heavy traffic). The inclusion of items referring to both visual 

and auditory stimuli may have masked any reactivity that would have occurred in 

response to auditory stimuli only (such as in Branson and Rogers’ (2006) study). It has 

been suggested that dogs may react more strongly to sounds that are not paired with a 

visual stimulus because there is an element of uncertainty about whether or not the noise 

poses a threat (Sherman & Mills, 2008).  
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The separation-related problems subscale score is the composite of several items 

that refer to maladaptive behaviour exhibited by dogs in response to periods of owner 

absence. In line with Branson and Rogers’ (2006) findings, it was hypothesised that 

ambilateral dogs would score higher on this subscale because of the considerable overlap 

that exists between separation-related problems and noise phobia. Overall et al. (2001) 

reported that 41% of dogs that presented to a university behavioural clinic with anxiety 

related problems, exhibited maladaptive behaviour in response to being left alone and 

also to the noise of thunderstorms and fireworks. However, despite the apparent overlap 

between these conditions, the results of the present study did not confirm the hypothesis. 

This suggests that the relationship between noise phobia and separation-related problems 

may need further clarification, particularly given that Overall et al.’s sample included a 

relatively small sample of 51 dogs, of which only 21 exhibited both disorders. Additionally, 

Overall et al.’s study investigated the interaction between these anxiety disorders in dogs 

that were reported to exhibit at least one of these conditions to an extreme degree. No 

individual included in the present study exhibited especially high scores on the separation-

related problems subscale, which may have contributed to the lack of consistency in 

findings.   

Based on the recent observations of Batt et al. (2009), it was hypothesised that 

dogs displaying a weaker paw preference would exhibit higher scores on the excitability 

subscale. Batt et al. found that dogs demonstrating a stronger paw preference displayed a 

shorter latency to rest in a novel situation. It was thought that this finding may be 

reflected in the C-BARQ behavioural subscale referring to excitability, but this was not the 
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case. One explanation for this may be that the Passive Test measures the dog’s latency to 

rest in a novel situation, whereas the C-BARQ excitability subscale is based upon situations 

familiar to the dog. Therefore, although both measures are concerned with excitability, 

the dog’s familiarity with the events referred to in the C-BARQ (for example, the dog’s 

reaction ‘when playing with you or other members of your household’ or ‘just before 

being taken on a car trip’) make it difficult to compare to the novel situation employed in 

the Passive Test. 

In an attempt to discover factors that may be associated with canine behaviour, 

the CIHEQ was administered to all owners. The results suggested that breeding was a 

predictor of scores on the stranger directed aggression, non-social fear and touch 

sensitivity subscales. That is, purebred dogs scored lower on these subscales than did 

crossbred dogs. One explanation for this finding may be the influence that selective 

breeding has had on the temperament of purebred dogs (Notari & Goodwin, 2007). 

Purebred dogs are generally selectively bred to possess particular phenotypical traits or 

working/functional abilities, but breeders also focus on producing animals with desirable 

temperament traits. However, this supposition is questionable because it is likely that 

crossbred dogs are also selectively bred for desirable temperament qualities. This suggests 

that the differences observed may be due to environmental factors rather than genetic 

influences. This inference is plausible, given that temperament in the domestic dog is 

believed to be dependent on both environmental and genetic influences (Hsu & Sun, 

2010).  
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As reported in the results section, there was no significant difference between the 

amount of exercise that purebred and crossbred dogs received and nor was there a 

difference in training attendance; however, purebred dogs did receive more grooming 

than crossbreds, which may explain their lower scores on the touch sensitivity subscale. 

This result could also indicate that purebred dogs displayed temperament traits that made 

them more amenable to grooming, thus making more frequent grooming possible.  

It is beyond the scope of this thesis to assess the different environmental 

influences experienced by the purebred and crossbred dogs that may have contributed to 

the differences in temperament observed, but some speculation is possible. Owners of 

purebred dogs may be those with a particular interest in canine behaviour or training. 

Individuals with such interests may be more likely to select a breed of dog that they 

perceive will best meet their requirements, and may subsequently engage in more 

interactions with their dog that are beneficial to the development/support of a desirable 

temperament. Indeed, Masters and McGreevy (2008) noted that the proportion of 

purebred dog owners that responded to a questionnaire disseminated through a popular 

Australian canine enthusiast magazine was substantially greater than the proportion of 

purebred dog owners in the wider community. Similarly, Bennett and Rohlf (2007) 

contend that owners of purebred and crossbred dogs may differ in their level of 

commitment to their dogs, on the basis that the owners of purebred dogs typically pay 

more for their dogs. Therefore, it is suggested that the behavioural differences observed 

between purebred and crossbred dogs are likely to be the result of differential 
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environmental experiences, but may also have a genetic basis due to the highly selective 

breeding practices associated with purebred dogs. 

In addition to breeding, lower scores on the non-social fear subscale were 

predicted by the amount of exercise a dog received and whether or not it attended 

training. This finding is in agreement with the results of other studies that have found 

training attendance to be associated with reduced nervousness (Bennett & Rohlf, 2007). 

Presumably, a lower level of fear is related to a greater frequency of exercise and 

attendance at training classes, because both of these practices expose a dog to a variety 

of stimuli, to which it may habituate after repeated exposure. Alternatively, owners of 

dogs displaying fear behaviour may be less likely to take their dog to training or for regular 

walks. 

Attendance at training was also negatively correlated with scores on stranger-

directed aggression and dog directed aggression/fear subscales. Inferring a causal 

relationship between these variables is particularly difficult. The results may indicate that 

dogs displaying higher degrees of aggression are not taken to training by their owners, 

perhaps for fear of the dog directing dangerous aggressive behaviour toward a person or 

another dog. Alternatively, the results may indicate that attendance at training classes 

reduces these undesirable behaviours by facilitating socialisation and habituation 

opportunities. Additionally, classes may educate owners about effective behavioural 

management strategies.    



143 
 

 

Age was related to scores on the energy and touch-sensitivity subscales. As has 

been reported by other authors (for example, Harper (1998)), older dogs were found to be 

less energetic than younger dogs. Higher scores on the touch-sensitivity subscale were 

also associated with increased age. This finding may reflect the fact that older dog’s 

experience more age-related, painful conditions, such as arthritis (Gingerich & Strobel, 

2003), and that the presence of such conditions may be associated with increased 

sensitivity to physical contact. Veterinarians often utilise response to touch as a gauge of 

localised pain in the dog (Holton, Reid, Scott, Pawson, & Nolan, 2001). The sample of the 

dogs in the present study did not display high scores on the touch sensitivity subscale, and 

therefore the results must be interpreted with some caution. 

The findings of the present study support the recent literature that has found no 

relationship between sex and paw preference in the dog (Batt, Batt, Baguley, & McGreevy, 

2008b; Batt, et al., 2009; Branson & Rogers, 2006). The findings of the present study also 

revealed no relationship between age and paw preference in the domestic dog. 

The findings of the present study provide only limited support for an association 

between motor laterality and temperament in the domestic dog. One reason for this may 

be that the C-BARQ subscale items were not sensitive enough to reveal significant 

relationships with paw preference. For example, as discussed previously, the items 

comprising the non-social fear subscale combined both visual and auditory stimuli, and as 

a consequence, may have masked significant relationships between phobic behaviour and 

motor laterality. This is because a dog may display phobic behaviour in response to visual 
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stimuli, but not to auditory stimuli, and thus the combining of these variables would 

influence the sensitivity of this subscale item. It is possible that similar masking effects 

occurred in the other subscales. The broad nature of the C-BARQ may make it a useful 

diagnostic tool in many settings, but for investigating the relationship between 

temperament and paw preference, more specific behavioural measures may be required. 

Adopting a very specific temperament trait that can be measured objectively may be more 

informative, and would also remove the possibility of owner bias influencing the results.  

Given that multiple correlations were performed in the present study, there may 

have been an increased risk of a Type I error occurring. However, as discussed previously, 

the relationship observed between motor laterality and stranger directed aggression 

agrees with the existing evidence from a number of species, where aggression has been 

linked with the right hemisphere (Casperd & Dunbar, 1996; Deckel, 1995; Robins, et al., 

1998). Therefore, the findings of the present study certainly warrant further investigation.  

Another explanation for the findings of the present study may be the possibility 

that the Kong paw preference test does not reveal a true forelimb bias. Given the nature 

of the task, it is possible that the Kong paw preference test does not measure paw 

preference, but rather reflects the eye with which the dog would rather perceive the 

ground or the environment around it. To consume the contents of the Kong, a dog must 

turn its head to one side. This behaviour produces the situation whereby one eye views 

the ground, while the other perceives the ceiling or sky. It is possible that dogs may prefer 

to occlude one eye (by turning it toward the ground) rather than the other. Rogers et al. 
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(2004) noted that while pecking for grain in the presence of an overhead predator, chicks 

have a preference for orienting their head to one side to view the environment above 

them. It is, therefore, possible that while consuming food, dogs may prefer to survey their 

surroundings with a particular eye. Alternatively, given that the Kong paw preference test 

encourages dogs to lie down during completion of the task, the observed bias could 

reflect the hind limb on which the dog prefers to rests while in sternal recumbency.  

Other methodological approaches have been employed to study paw preference in 

the domestic dog (for example, the nose tape test utilised by Quaranta et al. (2008)). 

Understanding the relationship between different measures of paw preference would 

provide valuable information about the persistence of this lateral bias across tasks of 

differing complexities and motivational bases. Similarly, understanding the relationship 

between paw preference and other preferential behaviour, such as an ocular bias, would 

contribute to the delineation of the lateralised canine brain.           

Overall, the results of this study suggest that, in the domestic dog, temperament 

may be associated with the motor laterality exhibited on the Kong paw preference test. 

Specifically, the present study reported the first evidence of a relationship between the 

right hemisphere and the expression of human-directed aggression. Factors such as a 

dog’s breeding and age, whether or not it attends training classes, and the amount of 

exercise it receives, were also found to be predictors of behavioural outcomes.    
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Chapter 5 

Study 3 

The Influence of Monocular and Binocular Vision on Jumping Kinematics in the Dog 

5.1 AIMS OF THE CURRENT STUDY 

This chapter describes a study that investigated the monocular and binocular 

influences on jumping kinematics in the dog. It is known that the human brain processes 

visuo-spatial information in the right hemisphere (Baecke et al., 2009; Durnford & Kimura, 

1971; Maguire, Frackowiak, & Frith, 1997), and that birds have also been shown to 

demonstrate right hemisphere specialisation for the processing of such information (Prior, 

Lingenauber, Nitschke, & Gunturkun, 2002; Rashid & Andrew, 1989; Regolin, Marconato, 

& Vallortigara, 2004; Vallortigara, 2000). However, the lateralisation of visual processing in 

the domestic dog has received little attention in the literature, and therefore, the aim of 

the present study was to investigate the phenomenon in this species. Specifically, the 

present study investigated the differences in the abilities of the left and right hemispheres 

of the brain to process visual information relating to the perception of depth.  

In order to address this research aim, a study was conducted that was based upon 

the experimentation of Murphy and Arkins (2006a, 2006b), in which they investigated the 

lateralisation of visual processing in the horse, by examining the differences in the horses’ 

jumping kinematics when they negotiated an obstacle under different ocular conditions. 

Therefore, in the present study, dogs were required to jump over a familiar obstacle, 
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under three ocular treatment conditions. Dogs negotiated the obstacle under the 

guidance of left monocular vision, right monocular vision, and under binocular vision. 

Kinematics variables obtained from each of the jumping trials were subsequently 

compared, to investigate whether a dog’s ability to perceive the obstacle accurately, and 

thus perform an optimal jump stride, was influenced by the eye/s with which it was able 

to view the obstacle. Jumping kinematics variables were also compared for the monocular 

and binocular vision conditions, to determine whether stereoscopic vision is required for 

the accurate perception of depth, or whether it remains uncompromised under 

monocular conditions, as has been argued by some authors (Harris & Wilcox, 2009). A paw 

preference variable was also compared to the kinematics variables to examine the 

possibility of related biases across these different manifestations of brain lateralisation.  

5.2 OCULAR LATERALITY 

Many functions have been associated with the left or right hemispheres of the 

brain as a consequence of the differential responses elicited by visual input received by 

the left or right eyes. For example, it is held that aggression is located in the right 

hemisphere as many species have been observed to direct more aggressive behaviour 

towards conspecifics located in the left visual field, as opposed to those located in the 

right visual field (Casperd & Dunbar, 1996; Deckel, 1995; Hews & Worthington, 2001; 

Robins, et al., 1998). Ocular tests have also revealed that the ability of chicks to distinguish 

grain from inedible pebbles is mediated by the left hemisphere (Mench & Andrew, 1986; 

Rogers, 1997). When chicks peck for grain under the guidance of left eye monocular 
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vision, they are unable to make the distinction between the two similar stimuli. 

Pharmacological treatment of the visual Wulst region of the hemispheres of chicks has 

confirmed that this categorisation ability is lateralised, with chicks that are treated with 

glutamate to the left hemisphere unable to perform the task, and chicks that are treated 

with glutamate to the right hemisphere displaying no performance deficits (Deng & 

Rogers, 1997). Similarly, chicks under the guidance of right eye monocular vision will move 

towards a familiar ball (to which they have previously been imprinted) rather than 

towards a similar, but different, ball (Vallortigara & Andrew, 1991). On the other hand, 

chicks with only left eye monocular vision will move towards either ball with equal 

probability. These findings sit comfortably with the theory that the left hemisphere is 

involved in the categorisation of stimuli and the ability to draw distinctions between 

familiar and unfamiliar stimuli; essentially, it is thought that the left hemisphere governs 

attention to detail (Rogers, 2000).  

The authors of the above studies assert that the hemisphere in which visual input 

is processed imparts important influences on the way in which an organism interacts with 

its world. The location of the eyes within the skull has important implications for the way 

in which visual input is processed. Whilst birds tend to have a large monocular visual field 

with a narrow binocular area directly in front of them (Martin, 2009), many mammals 

have more frontally placed eyes and thus, experience more binocular overlap (Heesy & 

Hall, 2010).  
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5.3 STEREOSCOPIC VISION 

In organisms that experience binocular overlap, the images perceived by each of 

the eyes vary subtly as a consequence of the different location of each eye along the 

horizontal plane. That is, each eye perceives the world from a slightly different perspective 

due to the separation of the eyes within the skull (Harris & Wilcox, 2009). Wheatstone 

(1838) first proposed that the disparity between the images projected on to each of the 

retinas allows organisms to perceive the world in three-dimensions; a process known as 

stereopsis. Following Wheatstone’s (1838) seminal paper, the literature concerned with 

retinal disparity overwhelmingly supported the notion that depth perception is made 

possible by binocular vision. For example, when humans are asked to judge three-

dimensional objects, they are more accurate when viewing the stimuli binocularly 

compared with monocularly, which implicates both eyes in the process (Frisby, Buckley, & 

Duke, 1996; Loomis, Philbeck, & Zahorik, 2002). It has been claimed that stereoscopic 

depth perception is compromised at long distances and is useful only in close range 

(Arsenault & Ware, 2004; Morgan, 2003). However, a recent study has refuted this claim, 

concluding that accurate depth perception remains possible with stereoscopic vision 

outside of constrained laboratory distances (Allison, Gillam, & Vecellio, 2009). The limits of 

this ability, however, remain undefined. 

In more recent times there has been a shift away from the belief that binocular 

vision is essential for depth perception, and the role of the monocular regions of binocular 

vision has received increasing attention, also being found to contribute to the perception 
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of depth (see Harris and Wilcox (2009) for a comprehensive review). Essentially, it seems 

that there are both monocular and binocular influences on the perception of depth, with 

binocular vision currently held to provide the most accurate representation of the three-

dimensional world. 

Despite the voluminous research that has been conducted in the field of visual 

perception in a number of species, there has been limited research investigating binocular 

versus monocular facilitated depth perception in the domestic dog. The sparse research 

into canine visual perception appears to mirror the findings of other species, in so much 

that depth perception was originally thought to be constrained to the area directly in front 

of the animal in the region where binocular overlap occurs (Lindsay, 2000). However, as in 

other species, studies have also reported that depth perception is possible with only 

monocular vision. Miller and Murphy (1995) reported that, when dogs are tested under 

monocular conditions, depth perception remains possible with the assistance of head 

movements that bring attention to the relative speeds with which objects in the visual 

field move. The authors contend that motion provides the dog with vital information 

about the relative distances between objects, allowing it to accurately perceive depth. As 

is the case in the field of visual perception generally, it seems that there is some 

disagreement regarding the monocular and binocular influences on the perception of 

depth in the dog.   
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5.4 THE HEAD CONFORMATION AND VISUAL SYSTEM OF THE DOG 

When measured from the occiput to the tip of the nose, a dog skull measures 

between 7cm and 28cm (McGreevy, Grassi, & Harman, 2004). Within this skull are two 

frontally placed eyes that have a radius of approximately 11mm (McGreevy, et al., 2004). 

The two eyes provide the dog with a visual field of approximately 250o, which includes a 

30 - 60o binocular overlap (Miklósi, 2007; Sherman & Wilson, 1975). It is accepted that the 

visual field may vary slightly between different breeds of dog due to variations in eye 

placement and head conformation (Walls, 1942). Indeed, it has also been shown that the 

neuroanatomy of the eyes differs between breeds.  For example, Ofri et al. (1994) found a 

significant difference in the location of area centralis in the occipital cortices of beagles 

and greyhounds. Likewise, Peichl (1992) found differences between the visual streak of 

the retina of wolf-type breeds and beagles, arguing that the visual streak of wolves is 

elongated to facilitate visual scanning of the horizon, while beagle’s have a more ovoid 

visual streak.  

It has been suggested that, in dogs, up to 75% of optic nerves decussate at the 

chiasm, which indicates that the majority of visual input from each eye is processed by the 

contralateral hemisphere (Cullen, et al., 2009). This figure is debated, with some authors 

claiming that it has been overestimated and that a greater percentage of visual input is 

processed by the ipsilateral hemisphere (Willis et al., 2001). Importantly, it has been 

reported that fibres connecting the medial area of the retina to the contralateral 

hemisphere are bigger than those lateral regions of the retina projecting to the ipsilateral 
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hemisphere (Bishop, Jeremy, & Lance, 1953). The bigger fibres may transmit visual 

information to the contralateral hemisphere faster, and accordingly, the contralateral 

processing of visual input may prevail under binocular conditions (Walls, 1953).  Given 

that there has been limited research in the dog, it is held, as is the case in the majority of 

mammalian species, that the majority of visual input from each eye is processed by the 

contralateral hemisphere (Dell'Osso, Hogan, Jacobs, & Williams, 1999; Herron, Martin, & 

Joyce, 1978).  

5.5 LATERALISATION OF VISUO-SPATIAL ABILITIES 

In humans, it has been reported that visuo-spatial abilities are processed 

predominantly in the right hemisphere (Baecke, et al., 2009; Durnford & Kimura, 1971; 

Maguire, et al., 1997). Experiments on humans have shown that perceptions of depth 

differ as a product of the eye with which particular stimuli are viewed, with the right 

hemisphere found to be superior in the processing of this type of visual information 

(Durnford & Kimura, 1971). It is also accepted that birds demonstrate a left visual 

field/right hemisphere specialisation for the processing of spatial representations (Prior, 

et al., 2002; Rashid & Andrew, 1989; Regolin, et al., 2004; Vallortigara, 2000). Prior et al. 

(2002) reported that pigeons relying on left monocular vision ignored changes made to 

prominent landmark features whilst navigating towards a familiar location, whereas such 

changes were distracting to pigeons limited to right monocular vision. Similarly, Rashid 

and Andrew (1989) noted that male chicks were better able to orient themselves and 
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referred to more distant cues when guided by left monocular vision, as opposed to right 

monocular vision.  

The lateralisation of visuo-spatial abilities in birds is reasonably well understood, as 

a consequence of the considerable attention paid to these vertebrates by a dedicated 

group of researchers. Mammals, on the other hand, have received less attention in the 

literature and therefore, the specificities of visuo-spatial processing in these organisms are 

not so clearly defined. Some mammalian studies have presented findings that appear to 

reflect the avian literature, whilst others have reported that spatial abilities are mediated 

by the opposite hemisphere to that typically reported in the bird. For example, Hopkins 

and Morris (1989) reported that chimpanzees performed better on a visuo-spatial task 

when it was completed under the guidance of left monocular vision; a finding that 

supports the notion of right hemisphere dominance for visuo-spatial processing.  Similarly, 

rats that received ablation to the posterior parietal cortex in the right hemisphere 

displayed a significant performance deficit on a spatial processing task, whereas their left-

side ablated counterparts exhibited no such deficit.  

On the other hand, some studies of mammalian laterality have reported the 

inverse of the relationship observed between visuo-spatial processing and the right 

hemisphere typically seen in avian species. For example, bottlenose dolphins performed 

better on a complex spatial discrimination task when restricted to right monocular vision 

compared with left monocular vision; a finding that the authors interpreted as evidence of 

superior visuo-spatial processing in the left cerebral hemisphere (Kilian, von Fersen, & 
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Güntürkün, 2000). It should be noted, however, that the sample size employed in the 

study was very small (N=2). When rhesus macaques were tested on a visual discrimination 

task after receiving lesions to either the left or right hemisphere, it was those individuals 

with damage to the right side of the brain that displayed superior performance on the task 

(Jason, Cowey, & Weiskrantz, 1984). This suggests that the left hemisphere facilitated 

enhanced performance on the visual processing task. Rats also displayed better 

performance on a Morris water maze task when guided by the right eye, as opposed to 

when guided by the left (Adelstein & Crowne, 1991). Individuals relying on right 

monocular vision displayed a reduced latency to complete the maze, entered less 

incorrect maze arms, and were less sensitive to the reversal of the platform, than were 

their counterparts guided by the left eye. The benefit of right monocular vision was 

observed both in individuals that had undergone a callosum-section, and also in intact 

animals. 

The lateralisation of the visuo-spatial system in the domestic dog has been 

neglected, and therefore, it is unclear whether this species will exhibit left or right 

hemisphere dominance for this particular faculty.      

5.6 AGILITY COMPETITION 

Agility first appeared during a demonstration at the Crufts dog show in England in 

1978, and has since become one of the most popular canine competitions in the world 

(Levy, Hall, Trentacosta, & Percival, 2009). There are training classes and competitions 

conducted in many countries around the world, with thousands of people and dogs 
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regularly involved with the sport (Levy, et al., 2009; Marshall-Pescini, Passalacqua, 

Barnard, Valsecchi, & Prato-Previde, 2009; Petitdidier, 1991). There are varying codes of 

competition, both within and between countries, but all are based on the dog (with the 

guidance of its handler) accurately negotiating an obstacle course within a designated 

time period in order to obtain various qualifications and accolades.   

Agility courses comprise a combination of various obstacles, including tunnels, see-

saws, A-frames, weave poles, dog walks, and various types of hurdles. In order to 

successfully complete the course, a dog must negotiate all of the obstacles without 

making any errors, within the time allowance specified by the judge. Dogs complete the 

course without a leash or any physical contact by the handler. Instead, handlers must 

employ a combination of verbal commands and ‘body language’ cues to guide their dog 

around the course. Dogs obtain ‘course faults’ for, amongst other things, dislodging 

hurdles, refusing obstacles, or performing a piece of equipment incorrectly (ANKC, 2006). 

5.6.1 Hurdles 

Traditionally, the hurdle obstacle has received little dedicated attention during 

agility training as it was perceived by many trainers as relatively simple for dogs to 

negotiate (Garrett, 2005). However, agility training techniques have developed in recent 

years and the speed with which most dogs complete an agility course has increased 

dramatically, which has lead to an increased frequency of dogs dislodging hurdles. 

Consequently, there has been an intensified focus on jumping kinematics in the dog, with 
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trainers attempting to reduce the incidence of course faults resulting from dislodged 

hurdles (Salo, 2008). 

Successful negotiation of hurdle obstacles requires a considerable investment of 

athletic and mental resources by a dog. Although in agility competitions the hurdles are 

set to a consistent height for each dog, their physical placement within the course changes 

from competition to competition. Therefore, the most appropriate angle of approach and 

the distance between hurdles is different on each occasion. A dog may have several 

metres between hurdles to prepare for the next jumping action, or alternatively, it may 

have to perform many jumps in rapid succession. Additionally, a dog may have to 

negotiate a hurdle whilst turning, which adds another level of complexity to the jumping 

action, particularly when moving at high speeds. A dog’s ability to perceive depth 

accurately is presumably highly important to its capacity to negotiate hurdles.  

5.7 JUMPING KINEMATICS 

The sport of agility is based upon the equine sport of show jumping. Many studies 

have investigated jumping kinematics in the horse but, to date, there has been little 

research dedicated to jumping behaviour in the dog. It is known that horses adjust their 

stride in preparation for a jumping action (Clayton, 1990), which ensures that they take off 

from an optimal distance before the hurdle (Bobbert, Santamaria, van Weeren, Back, & 

Barneveld, 2005). The visual system has been shown to be asymmetrical with respect to 

such judgements, with research demonstrating that horses will negotiate a hurdle 

differentially, depending on the eye with which they perceive it (Murphy & Arkins, 2006a, 
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2006b). Murphy and Arkins (2006a, 2006b) observed horses while ‘free jumping’ (that is, 

without a rider) in an arena. The horses moved around the arena in either a clockwise or 

counter-clockwise direction, under three different treatment conditions; left monocular 

vision, right monocular vision, or binocular vision. The horses performed 18 jumping 

efforts in total, comprising three jumping efforts under each condition, in both directions. 

The authors reviewed video footage of each horse’s jumping behaviour and utilising video 

analysis software, determined whether the kinematics of the jumping action changed as a 

consequence of the different ocular conditions under which the horse jumped. The 

authors noted that, overall, the male horses in the sample (N=6) performed bigger jumps 

in both the horizontal and vertical planes, than did the female horses (N=6). The 

kinematics of the female horses’ jumping actions did not alter as a product of the ocular 

condition to which they were exposed; however, there was evidence to suggest that the 

behaviour of male horses was influenced by the ocular treatments. When travelling in a 

clockwise direction, utilising right eye monocular vision, the male horses tended to move 

closer to the hurdle before commencing the jump behaviour, as opposed to when utilising 

left eye monocular vision or binocular vision. This was true for the relative position of both 

the hind and forelimbs at the point of take-off. The horses were examined by a 

veterinarian and found to have normal vision, which suggests that the differences 

observed were the product of the differential processing of visual input performed by 

each of the hemispheres. The authors, therefore, contend that in the horse the visual 

system is lateralised with respect to depth perception. 
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5.8 PRESENT STUDY 

The present study will investigate the influence of monocular and binocular vision 

on jumping kinematics in the domestic dog, employing a methodological approach similar 

to that of Murphy and Arkins (2006a, 2006b) in their study of horses. The task will involve 

dogs jumping over a low hurdle whilst under the guidance of left monocular vision, right 

monocular vision, or binocular vision. Vision will be manipulated utilising a modified head 

collar with a removable panel that can be placed over the left or right eyes, or removed 

altogether to provide binocular vision. Dogs have frontally placed eyes and should 

therefore be able to approach and negotiate a hurdle successfully, despite being restricted 

to monocular vision.  

The present study aims to identify whether dogs experience lateralisation of the 

visual processing system by comparing the influence of left and right monocular vision, 

and binocular vision, on the kinematics of the jumping action. It is hypothesised that when 

under the guidance of left monocular vision dogs will perceive depth more accurately than 

when under the guidance of right monocular vision. It is also hypothesised that binocular 

vision will provide dogs with the best perception of depth, given what is known about 

stereoscopic vision.  

Dogs utilised in the present study will be drawn from the sample utilised in Study 2 

and therefore, will have been paw preference tested utilising the Kong. The relationship 

between paw preference and the kinematics variables measured in the present study will 
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be compared to determine whether a consistent bias exists across these different 

manifestations of brain lateralisation. 

Specifically, the present study will compare the following variables between each 

of the ocular conditions: 

• The limb with which each dog leads during its approach to the hurdle. 

• The distance before the hurdle that each dog commences the jumping 

action. That is; the launching point. 

• Each dog’s velocities in both the horizontal and vertical planes and the 

resultant velocity, immediately prior to take-off. 

• The angle of each dog’s take-off. 

• The total distance jumped by each dog. 

• The distance after the hurdle that each dog lands. 

• The limb each dog employs for making first contact with the ground after 

the flight phase of the jumping action. 

The diagram below (Figure 5.1) depicts the measurement of the following 

variables: the distance before the hurdle that the dog commences the jumping action, the 

distance after the hurdle that the dog lands, and the total distance jumped by the dog. 

Further clarification of these variables, as well as a detailed explanation of the calculations 
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performed to determine each dog’s angle of take-off, horizontal, vertical, and resultant 

velocities, is provided in the methodology section of this chapter.   
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Figure 5.1 Diagram showing the distances of interest to the present study. Distance A is the distance before 

the hurdle that the dog commenced the jumping action. Distance B is the distance after the hurdle that the 

dog landed. Distance C is the total distance jumped by the dog. In addition to these distance variables, the 

limb with which each dog led during its approach to the obstacle was recorded for each trial. The first 

forelimb that made contact with the ground after the flight phase of the jumping action was also recorded 

for each trial. 

B A 

C 



162 
 

 
 

5.9 METHODS 

5.9.1 Overview of Video Analysis 

For the present study, one camera was positioned perpendicular to a line along 

which dogs moved as they approached and negotiated a bar hurdle. The video camera 

was utilised to collect data concerned with movements that occurred along a single plane 

(two dimensional movements). This video footage was subsequently digitised using the 

computer program, Video Point, and converted into quantitative data for the analysis of 

kinematics variables.  

5.9.2 Subjects 

Fifteen border collies (desexed males = 1; intact males = 1; desexed females = 10; 

intact females = 3) ranging in age from 2.5 years to 9 years took part in the study. Dogs 

ranged in height from 400mm to 545mm, as measured from the ground to the highest 

point of the shoulder blades, when the dog was standing square. All dogs were trained 

pets that regularly competed in the canine sports of agility and jumping. As discussed, 

these sports require dogs to independently jump hurdles and negotiate other obstacles at 

a rapid pace (Jones & Josephs, 2006).  All dogs that took part in the study were actively 

competing in these sports at the time of testing and were reported by their owners to be 

fit and healthy and not exhibiting any abnormalities. Before testing, a veterinarian 

examined the dogs looking for any signs of illness, injury, or unsoundness. Particular 

attention was paid to the dogs’ legs and joints, and to the eyes.  
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Given the nature of the task, it was important that the dogs were able to jump a 

single hurdle independently; unleashed and without excessive encouragement from the 

owner. Border collies were selected for this study because they make up a significant 

proportion of the purebred dogs competing in local agility and jumping competitions. 

Purebred dogs were sought for inclusion in the present study because individuals of a 

particular breed will typically conform to a particular size and structural standard which 

includes not only body structure, but also head conformation and eye placement. 

Comparable eye placement between subjects was deemed particularly important to the 

present study, and therefore, only individuals with head characteristics typical of the 

border collie breed were utilised in the present study. 

5.9.3 Modified Head Collar 

A modified head collar was utilised in the study to produce the three ocular 

conditions. The head collar was a standard Halti™ (size one) that had been modified to 

provide either binocular or monocular vision by the addition or removal of a fabric panel. 

Unaltered, a Halti™ has no impact upon vision.  Typically, a Halti™ is used when walking a 

dog on a leash to prevent it from pulling forward, although they are also commonly 

employed for training purposes, as they provide the handler with greater control of the 

dog’s head position. Head collars are not worn by dogs when competing in agility or 

jumping competitions. The removable panel of the head collar could be rapidly 

administered or removed by the experimenter during the testing phase of the experiment. 

When placed over the dog’s left eye, the removable panel restricted the dog to right 
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monocular vision, when placed over the dog’s right eye, it restricted the dog to left 

monocular vision, and when removed, it provided the dog with binocular vision (Figure 

5.2).  

Figure 5.2 Pictures of the three ocular conditions. From left: left monocular vision, 

binocular vision, and right monocular vision. 

5.9.4 Single Bar Hurdle 

A bar hurdle similar to those utilised in sanctioned Australian National Kennel 

Council agility and jumping competitions was utilised in the experiment. The two upright 

components of the hurdle were constructed of wood. The horizontal part of hurdle was 

made from light weight Polyvinyl Chloride (PVC) pipe, in order to minimise the risk of 

injury to the participating dogs should they have made contact with it. Bar hurdles like the 

one utilised in this study are commonly employed in agility and jumping competitions 

because they are lightweight and can be constructed such that the horizontal part of the 

obstacle will dislodge in the event of a dog knocking it. The horizontal bar was marked 

with contrasting black and white stripes using black electrical tape, in an attempt to 

maximise the visual stimuli available to the dogs during their approach to and negotiation 
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of the obstacle. The height of the horizontal bar was set to 90% of each dog’s height at the 

withers, which ensured that the relative height of the hurdle was equivalent for all 

participating dogs. The total width of the obstacle was 1.2 metres. 

5.9.5 Testing Grounds 

The experiment was carried out on a level, grassed, outdoor surface. The area 

utilised for the testing procedure was approximately eighty square metres (10m x 8m). 

During all testing sessions, adequate sunlight was available. The jumping chute was six 

metres long, with the single bar hurdle placed at the midpoint (3 metres).  

5.9.6 Construction of the Jumping Chute 

Utilising a tape measure, three white ground markers were positioned in a straight 

line at three metre intervals. From each of the end ground markers, a tape measure was 

extended towards the location where the video camera would eventually be positioned. 

Pythagorean Theorem indicated that if the two tape measures were extended to 30.15 

metres, the point at which they intercepted would be exactly 30 metres from the line’s 

centre point marker (Figure 5.3). Thus, the tripod was carefully placed at this position and 

the height of the video camera was set to 500mm from the ground. The video camera was 

subsequently levelled utilising a spirit level. To further ensure that the camera was located 

at exactly 90 degrees to the plane of motion, the camera was zoomed in to the centre 

white marker and slowly zoomed back out; if the camera was positioned accurately then 

the two outer white markers intercepted the edges of the frame at the same time, and at 

the same relative height. The camera was slightly repositioned as required during this 
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process. It was vitally important that the video camera was positioned at exactly 90 

degrees to the plane of motion, to avoid introducing a perspective error to the dataset. 

The video camera was zoomed in such that the two outer ground markers were just inside 

the camera’s field of view. 

The hurdle was carefully positioned above the centre white marker. From the 

perspective of the video camera, only the upright pole nearest the camera could be seen, 

which indicated that the hurdle had been positioned correctly. The middle of the 

horizontal bar had previously been marked, and consequently from the start position of 

the jumping chute the experimenter could observe that this point was directly above the 

white ground marker. 
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3 m 

30.15 m 30.15 m 

Direction of travel 

3m 
End point Start point 

90o 

 

90o 

Figure 5.3 Diagram (not to scale) showing the layout and measurements of the 

experimental jumping chute. The filled black dots represent the white ground markers. For 

each trial, the dog’s moved from right to left, jumping the hurdle at the centre point. 

Owners were instructed to call their dog in a straight line, towards the end ground marker. 

Video Camera 

30 m 
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5.9.7 Video Point Markers 

Video Point facilitates the digital analysis of video footage by calculating the 

relative position of various specified points within a given frame, based upon other known 

distances within the same frame. Therefore, in each frame of video footage, at least two 

points with a known distance between them had to be visible and digitised using Video 

Point. For the present study, the known distance reference points were the ground 

markers located at either end of the jumping chute, which were exactly six metres apart. 

These markers were positioned along the dog’s path of motion, and facilitated the 

accurate calculation of each of the kinematics variables.  

For each jumping trial a dog completed, five points of interest were digitised 

utilising Video Point (Figure 5.4). To digitise these points, the experimenter manually 

selected them using the computer’s mouse. Video point then provided co-ordinates for 

each digitised point relative to the x and y axes. The points of interest were as follows: 

• The two outer ground markers; each marker was digitised in no less than 

ten frames. That is, the co-ordinates of each of the ground markers were 

recorded on at least ten occasions for each individual trial. The mean value 

of the ten digitisations for each of the ground markers was then inserted 

into the dataset for use in the analysis. Completing multiple digitisations of 

these points and utilising the mean value, controlled for the slight 

variations in the experimenter’s digitisation of the points. The ground 

markers were utilised as reference points such that the dog’s proximity to 
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these points, and therefore to the hurdle, provided data with which to 

calculate the kinematics variables. 

• Each dog’s hind limbs during the take-off phase of the jumping behaviour; 

the point at which each dog’s hind limbs were in contact with the ground 

during the take-off phase of the jumping action was digitised across 

multiple frames (from the initial contact with the ground, until the paws 

lifted off the ground). The average value of these co-ordinates was utilised 

in the dataset to represent the distance before the hurdle that the dog 

commenced the flight phase of the jumping action. Both hind limbs were 

usually placed next to each other such that from the camera’s perspective, 

only the near side limb could be seen. However, on those rare occasions 

where the hind limbs were placed asymmetrically during the take-off 

action, the hind limb closest to the hurdle was digitised.  

• The forepaw with which each dog made first contact with the ground after 

completing the flight phase of the jumping action; the point of contact with 

the ground was digitised across multiple frames, and the average value of 

these co-ordinates was subsequently adopted as the distance after the 

hurdle that the dog landed. 

• Each dog’s body; the centre of each dog’s body was digitised during its 

approach to the hurdle and during its take-off stride. Each dog’s movement 

was subsequently compared with time (in seconds), and this facilitated the 

calculation of horizontal, vertical, and resultant velocities.   
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Figure 5.4 Video Point screenshots demonstrating the digitisation of the relevant points. 

Digitising, from top - the two outer ground markers, the dog’s body, the hind limb 

position at take-off, and the forelimb at landing. 
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For the calculation of the take-off and landing points, and the horizontal velocity, 

only the co-ordinates of the horizontal axis were required. However, co-ordinates from 

both the horizontal and vertical axes were required for the calculation of the remaining 

velocity variables. Horizontal velocity (VH) and vertical velocity (VV) were calculated using 

the formula V = D/T, where D represents distance travelled and T represents the time 

taken to do so time. Resultant velocity (VR) was calculated according to the following 

formula: VR =  �VV2  +  VH2 . Each dog’s angle of take-off could also be calculated utilising 

the velocity variables (Figure 5.5). The formula utilised to calculate angle of take-off was, 

Ø = (ARC TAN) VV/VH 

 

 

 

 

 

Figure 5.5 Diagram showing the relationship between the velocity 

variables and the angle of take-off. The values of the horizontal and 

vertical velocity variables, provided by Video Point, could be utilised to 

calculate resultant velocity and angle of take-off. 

  

Vertical Velocity (VV) 

Ø 

Resultant Velocity (VR) 

Ø = Angle of take-off 

 
Horizontal Velocity (VH) 
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5.9.8 Limb Preferences 

Fluorescent bandages of different colours were wrapped around each dog’s fore 

and hind limbs to assist the experimenter in discriminating between the limbs when 

reviewing the video footage. There were two behaviours of particular interest to the 

present study, as both had the potential to be expressed preferentially by dogs. The first 

behaviour was the forelimb with which dogs lead during their approach to the hurdle (that 

is, the limb that first made contact with the ground during each stride galloped), and 

consequently this was recorded for each jumping trial. The other behaviour of interest 

was the forelimb with which dogs made first contact with the ground after the flight phase 

of the jumping behaviour. 

5.9.9 Procedures 

Each dog was tested individually and was required to complete 30 jumps in total. 

Ten jumps were completed under each of the three ocular conditions – left monocular 

vision (LMV), right monocular vision (RMV) and binocular vision (BV). Dogs jumped the 

hurdle in the same direction for each trial; from right to left, as viewed by the video 

camera. 

Before dogs commenced the task, they were fitted with the modified head collar 

and the leg bandages. Each dog was then taken for a walk around the testing grounds by 

their owner. This time was intended to familiarise the dog with the testing apparatus, and 

also to provide it with an opportunity to relieve itself before the testing session 

commenced. If a dog pawed at the head collar, or otherwise attempted to remove it, it 
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was quickly distracted by its owner with a food treat. None of the dogs in the sample 

displayed distress at wearing the head collar or leg bandages.  

All dogs commenced the testing phase with two jumping actions under the 

binocular vision condition to familiarise them with the task. After these two trials, the 

sequence was randomised according to the predetermined order listed in Table 5.1. After 

the first 15 trials, dogs were rested for 10 minutes before recommencing the testing. 

During this rest phase, the head collar was removed from the dog but the limb markers 

remained in place. Dogs were provided with an opportunity to drink water during this 

time. The rest phase was intended to reduce the chance of fatigue affecting the results. 

However, in competition, dogs routinely jump approximately 20 hurdles within a short 

time frame and therefore no fatigue affect was expected to impact upon the performance 

demonstrated by these fit dogs. 

The speed of each dog’s approach could not be controlled by the experimenter, as 

it was dependent on the dog’s intrinsic motivation to move toward its owner or to jump 

the hurdle. The experimenter held the dog by its collar at the starting point of the jumping 

chute and owners were asked to call their dog over the jump using only the dog’s name. 

They were instructed to remain stationary and to avoid overzealous praising of the dog, in 

an attempt to prevent the dogs from becoming over-stimulated and excited, as this may 

have induced the dog to perform the hurdle faster on subsequent trials. Owners were also 

instructed to encourage their dog to move in a straight line towards the ground marker, as 

the ground markers indicated each end of the line of motion. The experimenter and the 
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owner stood approximately 30 centimetres behind the respective ground markers, to 

ensure that these were clearly visible during the digitisation process.     

Table 5.1 

Randomised Order of Ocular Conditions Employed in the Study 

 Trial Number Condition Trial Number Condition 

1  BV 16 BV 

2  BV 17 RMV 

3  LMV 18 RMV 

4  BV 19 LMV 

5  LMV 20 BV 

6  RMV 21 LMV 

7  RMV 22 BV 

8  BV 23 LMV 

9  RMV 24 RMV 

10  LMV 25 BV 

11  LMV 26 RMV 

12  RMV 27 BV 

13  LMV 28 LMV 

14       BV 29        LMV 

15       RMV 30        RMV 

 
LMV - left monocular vision; RMV – right monocular vision; BV – binocular vision 
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5.9.10 Video  

Each dog’s jumping efforts were recorded on to 6.35mm digital video tapes using a 

Panasonic NV-DS50 digital video camera (PAL format). The recorded footage was then 

transferred to a computer utilising an IEEE-1394 connection and subsequently digitised 

using the video analysis computer program, Video Point. The camera’s field of view could 

capture each dog’s approach to the hurdle from the outer ground marker, the full jumping 

action, the landing, and the first one or two strides after the landing, to the point of the 

outer ground marker.  The video camera’s frame rate was manually adjusted to record 50 

frames per second.  The video camera also featured a manual shutter speed setting, which 

was utilised to enhance the quality of the images. It was important to select an 

appropriate shutter speed to ensure that the resultant images remained sharp when 

reviewed as individual frames during the digitisation process. In most instances, a shutter 

speed of 1/2,000th of one second provided footage of adequate quality for digitisation 

purposes. However, in very bright light, the shutter speed could be increased to 1/4,000th 

of one second, without compromising the image quality.  
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5.10 RESULTS 

5.10.1 Statistical Analyses 

For all statistical analyses, an alpha value of less than 0.05 was considered 

statistically significant. Male and female dogs could not be compared in this study, due to 

the fact that there were only two males in the sample.  

5.10.2 Jumping Kinematics Variables 

The differences between the seven kinematics variables for the binocular and 

monocular jumping conditions were analysed. To conduct these analyses, the kinematics 

scores for the left and right eye monocular conditions were combined to provide an 

overall monocular vision (MV) score for each kinematics variable. After determining that 

all kinematics variables were normally distributed, the new MV variables were compared 

with the relevant binocular vision (BV) variables.  

The results of dependent t-tests indicated that there were statistically significant 

differences between the MV and BV conditions for the total distance jumped, horizontal 

velocity, and resultant velocity (Table 5.2). When under the guidance of MV, the dogs’ 

horizontal velocities were, on average, 0.26 ms-1 less than when they had the advantage 

of BV. There was no significant difference between the ocular conditions with respect to 

vertical velocity; however, the resultant velocity was reduced by 0.17ms-1 when dogs were 

limited to MV.  
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When guided by binocular vision, dogs jumped nine centimetres further along the 

horizontal plane than when restricted to MV. The take-off and landing points, relative to 

the obstacle, did not differ as a consequence of the ocular condition to which dogs were 

exposed. Each dog’s angle of take-off was also unaltered by the ocular manipulations.  

Table 5.2 

Difference Between Kinematics Variables for Monocular and Binocular Vision Conditions   

Kinematics Variable 

MV 

M (SD) 

BV 

M (SD) tt d 

Take-Off Point 1.29 (.33) 1.34 (.29) < 1 .19 

Horizontal Velocity 4.04 (.27) 4.30  (.33) 3.56** .93 

Vertical Velocity .52 (.12) .52 (.15) < 1 0 

Resultant Velocity 4.08 (.27) 4.25 (.24) 2.38* .61 

Distance 2.25 (.25) 2.34  (.21) 2.15* .53 

Angle of Take-Off 76.09 (.91) 75.31 (3.11) < 1 .23 

Landing Point .95 (.14) 1.00 (.18) 1.14 .31 

tdf(1,14), *p <.05  **p <.01 

 

The scores for the kinematics variables were also compared for each of the three 

ocular conditions (left monocular vision (LMV), right monocular vision (RMV), and 

binocular vision (BV)) to determine whether there were differences between them. 

Repeated-Measures ANOVA analyses were employed to investigate the influence of the 

different ocular manipulations upon each of the kinematics variables.  
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5.10.2.1 Take-Off Point 

Mauchly’s test indicated that the assumption of sphericity had been violated (χ2(2) 

= 18.51, p < .05) and therefore, degrees of freedom were corrected using Greenhouse-

Geisser estimates of sphericity. The results indicate that the point at which dogs left the 

ground when commencing the flight phase of jumping behaviour was not affected by any 

of the ocular manipulations, F(1.14, 15.92)<1.  

5.10.2.2 Horizontal Velocity 

The results indicate that a dog’s horizontal velocity was affected by the ocular 

condition to which it was exposed, F(2, 28) = 9.79, p < .01. Post-hoc analysis with 

Bonferroni correction for multiple comparisons revealed that there was a significant 

difference between the dogs’ horizontal velocities when they were guided by LMV 

compared with BV, and when guided by RMV compared with BV. The dogs’ horizontal 

velocities did not differ significantly between the LMV or RMV conditions (Figure 5.6). 

5.10.2.3 Vertical Velocity 

Mauchly’s test indicated that the assumption of sphericity had been violated (χ2(2) 

= 11.33, p < .01) and therefore, degrees of freedom were corrected using Greenhouse-

Geisser estimates of sphericity. The results of this analysis indicate that the dogs’ vertical 

velocities were not affected by any of the ocular manipulations, F(1.14, 15.92)<1.  
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Mean Horizontal Velocity of Dogs When Under Each Ocular Condition 

 

Figure 5.6 Bar chart depicting the horizontal velocity of dogs when under each of 

the ocular conditions. The vertical axis represents horizontal velocity in metres per 

second, with each ocular condition represented on the horizontal axis. The error 

bars represent the standard error of the mean. Asterisks signify statistically 

significant mean differences.  
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5.10.2.4 Resultant Velocity 

Resultant velocity differed as a product of the ocular manipulation to which dogs 

were exposed, F(2, 28) = 4.49, p < .05. Post-hoc analysis employing Fisher’s Least 

Significant Difference test indicated a significant difference between the dogs’ resultant 

velocities when guided by BV compared with LMV (p < .05), and when guided by BV 

compared with RMV (p < .05). There was no significant difference between the resultant 

velocities observed when dogs were limited to LMV and RMV (p > .05) (Figure 5.7).  

5.10.2.5 Distance 

Mauchly’s test indicated that the assumption of sphericity had been violated (χ2(2) 

= 6.82, p < .05) and therefore, degrees of freedom were corrected using Greenhouse-

Geisser estimates of sphericity. There was a significant difference between the ocular 

conditions for total distance jumped F(1.42, 19.88) = 4.59, p < .05. Post-hoc analysis with 

Fisher’s Least Significant Difference test revealed that the differences in total distance 

jumped by each dog existed between the BV condition and the LMV condition (p < .05), 

and also between the LMV and RMV conditions (p < .05). The difference between the BV 

and RMV conditions was not statistically significant (p > .05) (Figure 5.8).   
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Mean Resultant Velocity of Dogs When Under Each Ocular Condition 

 

Figure 5.7 Bar chart depicting the resultant velocity of dogs when under each of the 

ocular conditions. The vertical axis represents the resultant velocity in metres per 

second, and the horizontal axis represents each of the ocular conditions. The error 

bars represent the standard error of the mean. Asterisks signify statistically 

significant mean differences. 
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Mean Distance Jumped by Dogs When Under Each Ocular Condition 

 

Figure 5.8 Bar chart depicting the total distance jumped by dogs when under 

each of the ocular conditions. The vertical axis represents the total distance 

jumped (in metres), with each ocular condition represented on the horizontal 

axis. Error bars represent the standard error of the mean. Asterisks signify those 

statistically significant mean differences. 
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5.10.2.6 Angle of Take-Off 

There was no influence of ocular manipulation on the dogs’ angles of take-off, 

F(1.06, 14.82) < 1. Degrees of freedom were corrected using Greenhouse-Geisser 

estimates of sphericity, as the assumption of sphericity had been violated (χ2(2) = 28.65, p 

< .001).  

5.10.2.7 Landing Point 

Mauchly’s test indicated that the assumption of sphericity had been violated (χ2(2) 

= 9.52, p < .01) and therefore, degrees of freedom were corrected using Greenhouse-

Geisser estimates of sphericity. Each dog’s landing point did not differ in response to the 

ocular manipulations, F(1.32, 18.43) = 1.16, p > .05. 

5.10.3 Limb Preferences During the Jumping Stride 

When completing the jumping task, there were two behaviours exhibited by dogs 

that had the potential to be biased towards either the left or right forelimb. The first of 

these behaviours was the forelimb with which dogs lead during their galloping approach 

to the hurdle. The second was the forelimb with which dogs chose to make first contact 

with the ground after completing the flight phase of the jumping behaviour. For every 

dog, each of these behaviours was recorded across all trials, and limb preference variables 

were subsequently calculated utilising the same formulae as employed for the calculation 

of paw preference. That is, z-scores based on a binomial distribution were calculated to 

determine whether the distribution of limb preferences for each of the jumping 
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behaviours differed significantly from that which would be expected by chance. The 

formula utilised was 𝑧 = (R− 0.5𝑁)
�(0.25𝑁)

 where R represents the number of right paw usages and 

N the total of left and right paw usages. A positive z-score ≥ 1.96 indicated a preference 

for the right forelimb, a negative z-score ≥ 1.96 indicated a preference for the left 

forelimb, and a value between these indicated ambilaterality. A Laterality Index (LI) score 

was also calculated to provide a continuous variable ranging from -1 to +1. This value 

reflected the strength of the observed preference. The LI was calculated utilising the 

following formula: (R - L/L + R), where R represents the number of right limb usages, and L 

represents the number of left limb usages. A score of -1 indicates exclusive left limb usage 

by the dog, while a score of +1 indicates exclusive right paw usage. A score of 0 indicates 

that the dog employed equal use of the left and right limbs, and thus exhibited no 

preference. One sample t-tests were also utilised to determine whether a population level 

bias for limb usage was exhibited by the sample during jumping behaviour. 

5.10.3.1 Leading Forelimb Preferences 

When enjoying binocular vision, z-score calculations revealed that 53.33% of dogs 

displayed no preference for the forelimb with which they lead during their cantering 

approach to the obstacle. The remaining 46.67% displayed a preference for either the left 

(26.67%) or right forelimb (20%; see Figure 5.9). A chi-square test for goodness of fit 

indicated that the distribution of limb preferences observed during the dogs’ approaches 

to the obstacle differed significantly from the rectangular distribution expected by chance 

χ2(2, N = 15) = 18.5, p < .001.  
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When restricted to monocular vision, 70% of the dogs displayed no leading 

forelimb preference; however, the remaining 30% favoured one limb over the other (left 

limb = 16.65%; right limb = 13.35%). A chi-square test for goodness of fit indicated that 

this distribution of limb preferences was also significantly different from the rectangular 

distribution expected by chance, χ2(2, N = 15) = 60.67, p < .001. Under the guidance of 

RMV, 73.33% of dogs exhibited ambilaterality, 20% demonstrated a preference for the left 

forelimb, and 6.67% demonstrated a preference for the right forelimb (Figure 5.10). When 

restricted to LMV, 66.67% of dogs exhibited ambilaterality, 13.33% demonstrated a 

preference for the left forelimb, and 20% of dogs demonstrated a preference for the right 

forelimb (Figure 5.11).  

Given that the above results indicate that the sample may have demonstrated a 

population level bias toward ambilateral leading limb usage, a one sample t-test was 

performed to determine whether the distribution of ambilaterality observed across all 

ocular conditions differed significantly from the expected frequency of 33.33%, given no 

preference in the sample. The t-test was statistically significant, t(2) = 5.29, p < .05, which 

indicates that there was a population level bias towards ambilateral leading limb use in 

the sample of dogs.  
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Leading Limb Preferences of Dogs When Guided by Binocular Vision

 

Figure 5.9 Distribution of leading limb preferences (determined by 

calculating z-scores based on a binomial distribution; a positive z-score ≥ 

1.96 indicated a preference for the right paw, a negative z-score ≥ 1.96 

indicated a preference for the left paw, and a value between these 

indicated ambilaterality) when dogs were guided by binocular vision. The 

vertical axis represents the number of dogs, while the horizontal axis 

represents each of the limb preference groups. 
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Leading Limb Preferences of Dogs When Guided by Right Monocular Vision

 

Figure 5.10 Distribution of leading limb preferences (determined by 

calculating z-scores based on a binomial distribution; a positive z-score ≥ 1.96 

indicated a preference for the right paw, a negative z-score ≥ 1.96 indicated 

a preference for the left paw, and a value between these indicated 

ambilaterality) when dogs were guided by right monocular vision. The 

vertical axis represents the number of dogs, while the horizontal axis 

represents each of the limb preference groups. 
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Leading Limb Preferences of Dogs When Guided by Left Monocular Vision

 

Figure 5.11 Distribution of leading limb preferences (determined by 

calculating z-scores based on a binomial distribution; a positive z-score ≥ 1.96 

indicated a preference for the right paw, a negative z-score ≥ 1.96 indicated a 

preference for the left paw, and a value between these indicated 

ambilaterality) when dogs were guided by left monocular vision. The vertical 

axis represents the number of dogs, while the horizontal axis represents each 

of the limb preference groups. 
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5.10.3.2 Landing Forelimb Preferences 

When dogs had the benefit of binocular vision, 40% displayed ambilateral usage of 

their forelimbs for making first contact with the ground after the flight phase of the 

jumping behaviour. However, 60% of the dogs displayed preferential limb usage. There 

was a preference for the right side, with 40% of dogs favouring landing on the right 

forepaw and 20% preferring to land on the left forepaw (Figure 5.12). Chi-square analysis 

revealed that the observed distribution differed significantly from the rectangular 

distribution expected by chance, χ2(2, N = 15) = 7.99, p < .05.  

When dogs were restricted to monocular vision, 73.33% displayed preferential 

limb usage when landing after the flight phase of the jumping behaviour, and only 26.67% 

exhibited ambilaterality. When vision was manipulated such that dogs were relying on 

RMV, 20% demonstrated ambilaterality, 60% utilised the right forelimb preferentially, and 

only 20% demonstrated preferential use of the left forelimb, and this difference was 

statistically significant, χ2(2, N = 15) = 32.00, p < .05 (Figure 5.13). When guided by LMV, 

however, there was an equal distribution of left, right, and ambilateral forepaw 

preferences. A one sample t-test indicated that there was no population level bias for the 

limb upon which dogs landed in any of the ocular conditions (p > .05).    
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Landing Limb Preferences of Dogs When Guided by Binocular Vision 

 

Figure 5.12 Distribution of landing limb preferences (determined by 

calculating z-scores based on a binomial distribution; a positive z-score ≥ 1.96 

indicated a preference for the right paw, a negative z-score ≥ 1.96 indicated a 

preference for the left paw, and a value between these indicated 

ambilaterality) when dogs were guided by binocular vision. The vertical axis 

represents the number of dogs, while the horizontal axis represents each of 

the limb preference groups.  
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Landing Limb Preferences of Dogs When Guided by Monocular Vision 

 

Figure 5.13 Distribution of landing limb preferences (determined by 

calculating z-scores based on a binomial distribution; a positive z-score ≥ 1.96 

indicated a preference for the right paw, a negative z-score ≥ 1.96 indicated 

a preference for the left paw, and a value between these indicated 

ambilaterality) when dogs were guided by monocular vision. The vertical axis 

represents the number of dogs, while the horizontal axis represents the limb 

preference groups. 
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5.10.4 Relationship Between Paw Preference and Limb Preferences During Jumping 

Behaviour  

Pearson product-moment correlation coefficient analyses revealed no statistically 

significant relationships between paw preference and the limb favoured by dogs during 

their approach to the obstacle, or for landing upon after the flight phase of the jumping 

behaviour. However, when the dogs were relying on RMV, there was a trend towards 

those right pawed dogs favouring landing upon the left forelimb after the flight phase of 

the jumping behaviour, (r(10) = -.59, p = .07).  

5.10.5 Relationship Between Paw Preference and Jumping Kinematics Laterality Indices 

A Laterality Index (LI) was calculated for each of the kinematics variables utilising 

the following formula – ((RMV kinematics average value – BV kinematics average value) – 

(LMV kinematics average value – BV kinematics average value))/BV kinematics average 

value. Negative scores reflected a bias towards the left eye, whereas positive values 

reflected a bias towards the right eye. The resultant continuous variables could be utilised 

in correlation analyses.  Pearson product-moment correlation coefficient analysis revealed 

that there was a statistically significant negative relationship between paw preference and 

the LI value reflecting ocular preference for the take-off point kinematics variable, r(10) = -

.79, p < .01. The more right pawed a dog was, the greater its preference for the right eye 

with respect to its take-off point. Similarly, there was a non-significant trend indicative of 

a negative relationship between paw preference and the total distance jumped, r(10) = -
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.62, p = .056. This result suggests the right pawed dogs were more likely to have a right 

eye bias with respect to the total distance jumped kinematics variable.         

5.11 DISCUSSION 

The canine sport of dog agility is the most popular of the dog sports, with many 

thousands of enthusiasts around the world regularly involved in the activity (Levy, et al., 

2009). In recent times, there has been an increased focus on the technical aspects of the 

training and handling of the competition agility dog. This has given rise to a new 

generation of elite handlers and dogs that have propelled the competitive nature of the 

sport to unprecedented levels. Handlers are constantly seeking ways to improve their 

dog’s performance, not only with respect to speed, but also with respect to accuracy. 

Dislodged hurdles are a commonly incurred fault, particularly amongst those dogs that 

complete the course with considerable speed (Salo, 2008). As a consequence, handlers are 

now more cognizant of the mechanics of jumping behaviour, and the attention paid to 

hurdle training has increased dramatically. 

There is a belief amongst many people involved with the canine sport of dog agility 

that some dogs are ‘naturally’ better at jumping hurdles than others. This anecdotal 

evidence may imply that some dogs are more proficient at judging depth than others and 

so are better equipped to choose the optimal position in front of an obstacle from which 

to commence the jumping action. Accurate selection of this position has been found to be 

important to the successful negotiation of hurdles in horses (Clayton, 1990).  
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The ability to perceive depth has been attributed to the binocular regions of the 

visual field (Blake & Wilson, 2011). In particular, it has been suggested that the disparity 

between the two slightly different images projected on to each of the retinas, which 

results from the separation of the eyes within the skull, allows depth to be accurately 

perceived (Harris & Wilcox, 2009).  

Despite the convincing support for the role of stereopsis in depth perception, the 

literature also suggests that three-dimensional vision is possible with monocular vision 

(Kaye, 1978; Lawson & Gulick, 1967). It has been demonstrated in the domestic dog that 

depth perception is possible with only monocular vision due to head movements that 

draw attention to the relative speed at which objects in the visual field move. This visual 

information is reportedly sufficient for dogs to be able to perceive depth (Miller & 

Murphy, 1995). Given that the majority of the optic nerves decussate at the chiasm in the 

dog species, the processing of visual information is largely carried out in the contralateral 

hemisphere (Cullen, et al., 2009). The present study aimed to determine whether depth 

perception is lateralised by observing the jumping kinematics of dogs under a variety of 

ocular conditions. 

The results suggested that being restricted to monocular vision reduced a dog’s 

horizontal and resultant velocities. Vertical velocity was not influenced by any of the 

ocular manipulations, which may reflect the fact that each dog’s vertical propulsion had to 

be of a certain ‘minimum’ level to propel the dog successfully over the hurdle. Dogs may 

carefully regulate their vertical motion during jumping behaviour, as increased vertical 
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velocity would result in a higher than required jump which would not only expend 

unnecessary physical resources, but may also increase the flight time of the jump. The 

implications of performing a jump with a greater than required vertical velocity will be 

discussed later in this chapter.  

When dogs were guided by MV their speed of approach to the hurdle along the 

horizontal plane was less than when they had the advantage of BV. Similarly, each dog’s 

resultant velocity was reduced when one eye was occluded. These findings indicate that 

dogs were more tentative when approaching the hurdle under the guidance of monocular 

vision, suggesting that they were not as confident in their ability to locate the optimal 

position in front of the obstacle from which to commence the jumping action. This theory 

is supported by McKee and Taylor (2010), who argue that, when humans know that the 

distance between two points is “50cm ± 1cm, [they] can move rapidly between them 

without damaging [their] bodies. However, if [their] estimate is 50cm ± 10cm, then [they] 

have to move slowly and update [their] information continuously” (p. 2). It is likely that a 

similar phenomenon occurred in the sample of jumping dogs, whereby an accurate 

estimation of depth could not be made under the MV condition, and thus dogs had to 

reduce their speed and reassess the location of the hurdle throughout their approach. 

These findings agree with the wide body of literature suggesting that the most accurate 

perception of depth arises from binocular, and therefore stereoscopic, visual input (Harris 

& Wilcox, 2009; Wilcox, Harris, & McKee, 2007).  
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The MV variable was separated so that the influences of LMV and RMV on velocity 

could be compared. There were no statistically significant differences in the velocity 

measures observed under each ocular condition; however, when each of the monocular 

conditions was compared with BV, differences were noted. These findings do not support 

the notion that differences exist between the hemispheres with respect to their ability to 

provide an accurate perception of depth, but rather indicate that binocular vision 

enhances such judgements.  

The findings discussed above must be considered in relation to one important 

methodological caveat. It is possible that the dogs’ velocities were influenced by the mere 

presence of the head collar and eye patch, rather than being the consequence of a 

compromised visual processing system resulting from occlusion. Accordingly, the 

experimenter attempted to reduce the chances of the head collar distracting the dogs by 

utilising only dogs that were highly trained and accustomed to working with various 

distractions. Additionally, most of the dogs in the sample had experienced wearing a head 

collar prior to their involvement in the study, and furthermore, all were given adequate 

time to adjust to the testing apparatus before commencing the jumping task. In addition 

to this dedicated adjustment period, the dogs also wore the head collar during BV testing, 

which was intended to ensure that the experimental conditions remained as consistent as 

possible across all test manipulations. In spite of these controls, complete equality of the 

test conditions could not be obtained due to the removable eye patch, which imposed 

upon dogs a physical burden beyond the visual restriction it provided. The patch being in 

contact with the dog’s face may have irritated the dog or otherwise influenced its 
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behaviour. Subsequent studies could utilise a transparent eye patch in the BV condition to 

more closely align the three ocular treatment conditions. Alternatively, instead of 

removing the entire eye patch to provide BV, a small section of the eye patch could be 

removable, which would expose dogs to a more similar sensation on the head across all of 

the test conditions. Other researchers have investigated the monocular influences on 

behaviour by temporarily suturing the eyelids of their subjects closed (Ifune, et al., 1984); 

however, this approach was obviously not possible in the study of pet dogs. In spite of this 

methodological issue, it should be noted that there were no obvious differences between 

the behaviour exhibited by dogs across each of the ocular conditions, and therefore, it is 

unlikely that the presence of the eye patch significantly influenced the findings.  

The total distance jumped by dogs was undoubtedly related to their velocity. There 

was a statistically significant difference between the distances jumped by dogs when 

guided by MV compared with BV. When dogs had the benefit of BV, they jumped 

approximately 9cm further along the horizontal plane than when restricted to MV. When 

the ocular conditions were compared, the results suggested that, when restricted to LMV, 

the distance jumped by dogs was significantly reduced. There was a significant difference 

between the LMV condition and the RMV and BV conditions; however, RMV did not differ 

significantly from the BV condition. This finding is curious because it suggests that dogs 

perform smaller jumps when relying on visual input from the left eye, which may indicate 

that the right cerebral hemisphere is less proficient at processing visual information 

related to depth. It is largely accepted that in humans, visuo-spatial abilities are located in 

the right hemisphere (Baecke, et al., 2009; Durnford & Kimura, 1971; Maguire, et al., 
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1997), but some studies have failed to find any difference between the hemispheres (Akay 

& Celebi, 2009). Other non-human mammalian studies have reported left hemisphere 

superiority in the processing of visuo-spatial information (Adelstein & Crowne, 1991; 

Jason, et al., 1984; Kilian, et al., 2000); a finding that the present study appears to support. 

Additionally, the border collie breed is quite unique in so much that it has been subjected 

to highly selective breeding practices in order to preserve and enhance the working ability 

that is so typical of the breed (Willis, 1995). As a consequence, it is possible that the 

lateralisation exhibited by this breed may differ from that of other species, and even from 

other varieties of dog. Intra-species variation has been reported in other species, including 

mice and horses (Betancur, et al., 1991; McGreevy & Thomson, 2006). McGreevy and 

Thomson (2006) reported differences in motor laterality between breeds of performance 

horses, and it is possible that a similar phenomenon exists in the dog. Further 

investigation is required to explore these ideas.  

A very recently published study has also reported on binocular and monocular 

influences on jumping kinematics in the domestic dog (Tomkins, Williams, Thomson, & 

McGreevy, 2010). These authors tested untrained Labradors, golden retrievers, and 

hybrids of the two breeds on a jumping task similar to that employed in the present study. 

Although the methodological approach employed, and the variables observed, differed to 

those of the present study, the findings of both will be compared where appropriate.  

Of relevance to the present study, specifically the finding that jumping 

performance was enhanced when dogs were under the guidance of RMV compared to 
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LMV, are the findings of Tomkins et al. (2010), who reported that when initially faced with 

a hurdle, dogs performed better with RMV. However, they also noted that, over 

subsequent trials, the dogs became more efficient at jumping under the guidance of LMV 

compared to RMV or BV. The authors contend that, although the right cerebral 

hemisphere has been associated with spatial processing in other species, this may not be 

the case for dogs when initially faced with a task requiring jumping. The authors postulate 

that the better performance initially observed under the RMV condition may be the 

consequence of the left hemisphere’s dominance in making considered responses. This is 

based on the notion that the jumping task required a complex set of actions, which may 

have required careful consideration by the inexperienced dogs; however, the results of 

the present study do not appear to support this claim. This is because although the 

jumping efforts observed in the present study were not analysed to identify changes 

across trial repetitions, the dogs were all highly experienced agility dogs and therefore, 

only encountered novelty in the form of the modified head collar, which many dogs had 

previously been exposed to (and additionally, all dogs were given an adjustment period 

prior to commencing the task). Presumably then, in the absence of novelty, the dogs in 

the present study should have performed better under the guidance of LMV, which was 

not the case. The combination of Tomkins et al.’s results and those of the present study 

suggest that the processing of visual information related to the perception of depth may 

be complex in the dog; possibly affected by task repetition and experience. Further study 

of this phenomenon is required to delineate this relationship.  
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Each dog’s angle of take-off did not alter in response to the ocular condition under 

which it was tested, but it was noted that the standard deviation of the mean angle of 

take-off was larger when dogs were under BV (3.11) compared to MV (0.91). This suggests 

that when guided by MV, the jumps performed by dogs were more consistent than those 

performed under the guidance of BV (under MV, the angle of take-off varied across trials 

by less than one degree). In the BV condition, each dog’s angle of take-off may have been 

more variable as a consequence of the increased velocity observed in this condition. 

The take-off and landing points, relative to the hurdle, did not vary to a statistically 

significant degree across the three ocular conditions. However, the results indicated that, 

when guided by BV, there was a non-significant tendency for dogs to commence the 

jumping action further away from the hurdle, and to make first contact with the ground 

further after the hurdle than when guided by MV. This non-significant trend may be 

relevant in the context of the results concerning the total distance jumped by dogs, 

discussed previously. The results of this particular analysis may not have reached 

statistical significance due to the fact that, when dogs were guided by BV, they not only 

commenced the jump from further in front of the hurdle, but also landed further after it, 

compared to those trials completed under MV. If the take-off points had been held 

constant across ocular treatments, then the landing point would likely have significantly 

differed between the conditions, and vice versa. Murphy and Arkins (2006a, 2006b) noted 

in their study of horses that, when guided by BV, male horses had a tendency to complete 

bigger jumps than female horses and to land further from the hurdle, despite the animals 

all being of a comparable size. The same authors also noted no difference between the 
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male and female horses with respect to the location of their take-off points. These 

findings may be explained by Paalman’s (1984) observation that, in order to perform a 

successful jump, horses must commence their take-off from a distance before the hurdle 

that is at least equivalent to its height. The results of the present study, although 

concerned with dogs, support this theory because the take-off point selected by dogs was 

approximately 1.29m before the hurdle in the MV condition and approximately 1.34m 

before the hurdle in the BV condition. The maximum height of the hurdle utilised in the 

study was 0.49m for the largest dog in the sample.  

Tomkins et al. (2010) observed that when guided by LMV, dogs chose a less than 

optimal position from which to take-off, as compared to when guided by RMV or BV, but 

noted that this trend varied across repeated trials. It is likely that, due to their 

inexperience, Tomkins et al.’s sample of dogs were more vulnerable to a learning effect 

than the dogs in the present study, or the horses in Murphy and Arkins’ (2006a, 2006b) 

study. Interestingly, all dogs in Tomkins et al.’s sample also commenced the jumping 

action from a less than optimal position in front of the hurdle, across all ocular conditions. 

That is, in Tomkins et al.’s study the height of the obstacle was set at 44cm for all dogs, 

but the average take-off point was reportedly 34.7cm in front of the hurdle. According to 

Paalman (1984), dogs should have commenced the take-off action from at least 44cm in 

front of the obstacle to negotiate it optimally. This suggests that the dogs did not perform 

normal jumping behaviour, which may have confounded the study’s results. Further 

research is recommended to determine whether learning effects manifest differently in 
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experienced versus inexperienced dogs, particularly when tested monocularly on a 

jumping task.  

Grimshaw (2010) explains that an unsupported object that is vulnerable only to the 

forces of gravity and air resistance follows a parabola-like trajectory that is symmetrical on 

either side of its highest point. As reported, the average take-off point selected by dogs 

was 1.29m before the hurdle in the MV condition and approximately 1.34m before the 

hurdle in the BV condition. Likewise, the landing point was approximately 0.95m after the 

hurdle when guided by MV and approximately 1.00m after the hurdle when guided by BV. 

In light of the expected parabolic flight paths of the dogs, these data seem to indicate that 

when dogs passed over the hurdle they were in the second half of the flight phase and 

thus, moving on a downward trajectory. While this may seem somewhat at odds with the 

successful negotiation of a hurdle, this phenomenon can be observed in humans during 

the athletic sport of hurdling where the peak of the parabolic arc is usually in front of the 

hurdle (Salo, Grimshaw, & Marar, 1997). Athletes perform the jumping action utilising this 

technique because commencing the take-off further from the hurdle leads to a reduction 

in the angle of take-off, in turn favourably increasing horizontal velocity (Salo, et al., 

1997). It is possible that the dogs utilised in the present study, all with prior jumping 

experience, completed the jumping action in a similar fashion to the human hurdlers, this 

being the most efficient method by which to move forward. As discussed previously, 

Tomkins et al.’s (2010) study indicated that a learning effect may take place with respect 

to jumping performance. Although they did not report on parabolic trajectories, these 

authors noted in their sample of inexperienced dogs that more successful jumps were 
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performed after repeated exposure to the task. A thorough investigation into the 

parabolic trajectories of both experienced and inexperienced jumping dogs is 

recommended to determine whether dogs do acquire expert knowledge that is 

comparable to that of human hurdlers.   

Across all three ocular conditions there was a population level bias for ambilateral 

usage of the leading leg employed by dogs during their galloping approach to the hurdle. 

Other researchers have also observed preferential limb usage during galloping behaviour 

in the dog, but noted that the preference was expressed at the level of the individual 

(Hackert, et al., 2008). Tomkins et al. (2010) reported a non-significant trend for dogs to 

launch over the hurdle with their left paw; a measure which inversely corresponds to the 

present study’s leading limb variable. That is, where the former authors observed the 

launching paw to be “the last forelimb paw to touch the ground before jumping” 

(Tomkins, et al., 2010, p. 260), the present study recorded the leading limb, which was the 

first forelimb to make contact with the ground during each stride that the dog galloped. 

Thus, opposite paws were observed in the two studies.  

It is possible that the present study observed a population level bias for 

ambilateral limb usage as a consequence of the experienced subjects utilised in the study. 

The sample of agility dogs were highly practised in changing the leading limb whilst 

approaching hurdles, as agility often requires direction changes during the completion of 

obstacles (Levy, et al., 2009; Petitdidier, 1991). Dogs also routinely work on either side of 

their handler’s body during agility competitions, perhaps biasing these dogs towards 
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ambilaterality. The dogs utilised in Tomkins et al.’s (2010) study, on the other hand, were 

trainee guide dogs and thus would have been handled predominantly from their right 

side; that is, the dogs would predominantly be located on the left of the handler. It has 

been shown that early experiences can have an influence on the expression of laterality 

(most agility handlers commence aspects of agility training with puppies as young as eight 

weeks old, and guide dogs also commence training with puppy raisers at a similar age) 

(Casey, 2005; Denenberg, 1981, 1983; Tang & Verstynen, 2002). Alternatively, as 

discussed previously, the border collie breed may be genetically predisposed to highly 

balanced behaviour due to the selective breeding that has characterised its development. 

The paw with which dogs chose to make first contact with the ground after the 

flight phase of the jumping behaviour was not biased at the level of the population. This 

was true when the forelimb preferences were compared across, and within, each of the 

ocular conditions. Tomkins et al. (2010) reported that dogs exhibited a population level 

bias for landing on the left forepaw after jumping a hurdle, but these authors did not 

include a measure of ambilaterality in their analysis. That is, the authors only compared 

the number of left, right, and both paw landings (there were 0.68% both paw landings). 

The present study did not include a both paws variable as the frequency of occurrence 

was comparably low (approximately 0.4% of the total landings). In the present study, dogs 

were first categorised as left paw preferent, right paw preferent, or ambilateral, according 

to the results of z-score calculations (based on a binomial distribution; an approach 

employed by other researchers in the field, such as Branson and Rogers (2006)), and the 

group memberships were subsequently compared to identify a population bias. The 
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benefit of this statistical approach is that it is sensitive to population level ambilaterality, 

whereas the approach adopted by Tomkins et al. only investigated left versus right limb 

biases at the level of the population. Population level ambilaterality (for particular 

behaviours) has been reported in other species (Marchant & McGrew, 2007), and 

therefore, employing a statistical approach that could identify ambilaterality in the dog 

was considered important. 

The results of the present study indicated a relationship between paw preference 

and ocular preference with respect to the take-off point kinematics variable. Right pawed 

dogs commenced their take-off further from the hurdle when guided by RMV, and left 

pawed dogs commenced their take-off further from the hurdle when guided by LMV. 

Similarly, there was a trend for the total distance jumped kinematics variable to be greater 

when dogs with a left paw preference were jumping under the guidance of LMV, and 

when right pawed dogs were jumping under the guidance of RMV.  These findings provide 

the first evidence that paw preference may be associated with the ocular influences on 

jumping kinematics. There is evidence that relationships exist between ocular laterality 

and limb preferences in non-canine species. For example, it has been shown that rats with 

a preference for the left paw possess more axons in the left optic nerve, while those 

favouring the right paw have more axons in the right optic nerve (Yazici et al., 2009); 

however, the way in which these relationships manifest functionally, particularly when 

one function is disturbed, is unclear. In human subjects, ocular preferences have been 

correlated with hand, foot, and ear preferences (Mandal, Pandey, Singh, & Asthana, 

1992). With respect to functional implications, a relationship between eye dominance, 
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degree of ocular shifting, and handedness has been reported in humans (Dane & 

Gumustekin, 2002), as well as a relationship between intraocular pressure and 

handedness (Dane, Gumustekin, Yazici, & Baykal, 2003). The results of Dane and 

Gumestekin’s (2002) study suggested that the distance of the focusing point of both eyes 

was greater in right handed subjects (of which 83.33% had a preference for the right eye), 

while the distance was shorter in left handed subjects. The authors speculated that the 

over representation of left handed people involved in elite sports may be the product of 

the visuo-spatial advantage apparent in these left handed individuals (Dane & 

Gumustekin, 2002). The results of Dane et al.’s (2003) study reported that intraocular 

pressure was higher in left handed people, and that there was a relationship between 

ocular dominance and intraocular pressure.  

The present study utilised a novel digitisation technique for assessing kinematics 

variables in the jumping dog. Utilising this approach, velocity variables related to jumping 

behaviour were able to be investigated for the first time in the domestic dog. Whilst 

Tomkins et al. (2010) also investigated the monocular and binocular influences on jumping 

kinematics, they employed a different methodological approach and utilised an 

inexperienced sample of dogs. Methodological differences between the studies may have 

emphasised some of the differences observed in the results. For example, Tomkins et al. 

set the experimental hurdle to a consistent height for all participating subjects, whilst 

dogs in the present study were required to jump 90% of their height at the withers. In this 

study, dogs were presented with an obstacle that was proportionate to their height to 

ensure that the effort required by dogs to negotiate the hurdle was comparable across 



207 
 

 
 

subjects. Additionally, as discussed by Grimshaw (2010), the greater the vertical velocity 

relative to the horizontal velocity, the higher the peak of the parabolic arc. Therefore, had 

smaller dogs been required to jump proportionately higher than their counterparts, 

differences in the parabolic trajectories may have been evident. This would have 

subsequently influenced the measures of vertical, horizontal, and resultant velocities, 

angle of take-off, take-off and landing points, as well as the total distance jumped. 

Therefore, it is recommended that future studies, particularly those employing repeated 

measures designs, set the height of the hurdle relative to individuals within the sample, to 

avoid introducing such confounds.  

The present study was conducted on a level grassed surface in an attempt to 

maximise the safety of the participating dogs. Agility dogs in Australia typically compete 

and train on grassed surfaces, and therefore, it was decided that the present study should 

be conducted on a familiar surface. Introducing a different surface, in addition to the 

ocular manipulations, was deemed unsafe to the participating dogs, but it is 

acknowledged that this decision may have compromised the results to some degree. 

Whilst every care was taken to select a location for the jumping chute that was uniformly 

level, consistency across trials and subjects could not be fully guaranteed. Future research 

may attempt to control for this potential confound by utilising a synthetic surface that is 

both safe and uniform. This surface would require anti-slip, as well as shock absorbing 

properties to reduce the chances of participating dogs injuring themselves. Tomkins et al. 

(2010) conducted their study on a concrete surface, but placed a carpet mat on top of this 

to reduce the occurrence of slipping. Anecdotal evidence from owners of the dogs utilised 
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in the present study indicated that dogs would not perform normal jumping behaviour on 

an artificial surface, and additionally, many owners were not prepared to jump their dogs 

on such a surface for risk of causing injury due to the hard surface. Interestingly, Tomkins 

et al. reported that the dogs in their sample commenced the jump from approximately 

34.70cm before the hurdle, which was significantly closer than the dogs utilised in the 

present study that commenced the jump from approximately 131.50cm before the hurdle. 

This difference may be due to the prior experience of the dogs utilised in the present 

study, but may also be the product of the impaired capacity for normal jumping brought 

about by the inferior surface utilised in Tomkins et al.’s study.            

5.12 CONCLUSION 

To conclude, the present study found only limited evidence to suggest that one 

hemisphere exhibits a superior ability to perceive depth, in the domestic dog. Specifically, 

the present study found that when guided by left monocular vision, dogs performed 

shorter jumps than when guided by right monocular or binocular vision; a finding that 

implicates the left hemisphere in depth perception in this species.  

Dogs negotiate a hurdle more confidently when under the guidance of binocular 

vision, suggestive of an enhanced ability to perceive depth under this visual condition. 

Previous research has suggested that binocular vision, and thus stereopsis, enables 

organisms to perceive depth more effectively than monocular vision (Harris & Wilcox, 

2009; Wilcox, et al., 2007). The findings of the present study appear to support this 

theory.  
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Each dog’s angle of take-off did not vary under any of the ocular treatments, but it 

was noted that this kinematics variable was more inconsistent in the binocular vision 

treatment. It was suggested that this may have been the consequence of the greater 

velocity demonstrated by dogs when under this ocular condition. It was noted that there 

were non-significant trends towards dogs guided by binocular vision taking off further 

before, and landing further after the hurdle. These findings agreed with the total distance 

jumped variable, where dogs guided by monocular vision did not jump as far along the 

horizontal plane as they did when under the binocular vision condition.  

Dogs were observed to be on a downward trajectory when passing over the 

hurdle. It was noted that this technique is commonly employed by professional hurdlers 

to reduce their angle of take-off, which in turn increases their horizontal velocity. It is 

suggested that the sample of dogs utilised in the present study may demonstrate a type of 

expert knowledge, with respect to jumping, as a consequence of their extensive agility 

experience.  

The present study found evidence of a population level bias for the leading 

forelimb employed by dogs during their galloping approach to the hurdle, but not for the 

first limb with which they made contact with the ground after the flight phase of the 

jumping behaviour. These findings are not consistent with those of Tomkins et al. (2010), 

but this may be due to the breed and vocational differences that exist between the 

samples employed in each study.  
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When paw preference was compared with the laterality indices based on jumping 

kinematics variables, there was a statistically significant relationship between motor and 

ocular laterality. Right pawed dogs were more likely to take-off further from the hurdle 

when guided by right monocular vision, and left pawed dogs were more likely to take-off 

further from the hurdle when guided by left monocular vision. These findings support 

other work that has found positive relationships between ocular and limb preferences 

(Mandal, et al., 1992).   

Generally, the results of this study suggest that the ability to perceive visual 

information related to depth is enhanced by the benefit of binocular vision. Differences 

between left and right monocular vision with respect to depth perception are present in 

dogs, but not compelling.  

  



211 
 

 
 

SECTION C: DISCUSSION AND CONCLUDING REMARKS 

Chapter 6 

Thesis Discussion: A Summary of the Findings, Limitations, and Suggestions for Future 

Research 

6.1 RESTATEMENT OF THESIS BACKGROUND AND AIMS 

As outlined in Chapter 1, brain lateralisation was once thought to be a 

phenomenon that was unique to the human species, but subsequent research has 

provided convincing evidence that many non-human species also possess specialised brain 

hemispheres (Vallortigara, 2006), including the domestic dog (Batt, et al., 2008b). 

Researchers have become increasingly interested in determining how hemispheric 

specialisation influences an organism’s behaviour. The research reported in this thesis was 

carried out in an attempt to contribute to the body of knowledge concerned with the 

influence that cerebral lateralisation has on the behaviour of the domestic dog. More 

specifically, the overarching aim of this thesis was to examine the ways in which 

lateralisation may affect the behaviour of dogs that serve different roles within the 

community. 

The first study reported in this thesis examined the racing greyhound in an attempt 

to determine whether the racetrack behaviour exhibited by these dogs is lateralised and if 

so, whether it is associated with the paw preference dogs demonstrate on a paw usage 

test. The second study examined the relationships between various temperament factors 
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and motor laterality in a sample of pet dogs of varying breeds. Finally, the third study 

examined the monocular and binocular influences on jumping kinematics in a sample of 

border collies that were trained agility dogs.  

6.2 MOTOR LATERALITY 

The three studies reported in Section B of this thesis all included measures of 

motor laterality. Studies one and two incorporated paw preference measures that utilised 

either the Kong or the meat bone alternative. Study 3 investigated the preferential limb 

usage of dogs during locomotion. The findings of these assessments will be discussed 

below in relation to the existing literature. 

6.2.1 Paw Preferences  

The first two studies reported in this thesis investigated the associations between 

paw preference and other role-specific variables in two distinct populations of dogs: the 

racing greyhound, and pet dogs of mixed breeds. Motor lateralisation was assessed by 

observing forelimb usage on tasks requiring dogs to utilise their paws in an attempt to 

obtain food rewards. Pet dogs were tested utilising the Kong measure of paw preference 

(Chapter 2), whereas the greyhounds were tested utilising a variation of this method.  

Across both populations of dogs, paw preference was expressed at the level of the 

individual. That is, individuals in both samples displayed preferential limb usage, but the 

numbers of left pawed, right pawed and ambilateral dogs within the samples were 

approximately equal, indicating a lack of population level laterality. This observation is in 
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agreement with the earlier work of Poyser et al. (2006), and Branson and Rogers (2006), 

all of whom reported no obvious population level laterality in the domestic dog.  

Some authors have reported differences between the motor lateralisation 

demonstrated by male and female dogs (Quaranta, et al., 2004; Wells, 2003); however, 

the motor lateralisation demonstrated by the male and female dogs in the present studies 

did not differ. This finding is consistent with most recent research of the domestic dog 

(Batt, et al., 2008b; Branson, 2006; Poyser, et al., 2006). The influence of sex on jumping 

kinematics could not be investigated in Study 3, due to the fact that there were only two 

male dogs included in the study sample. However, this may be an area of interest for 

future research concerned with ocular laterality in the dog.  

6.2.2 Leading and Landing Limb Preferences 

In addition to the limb preferences observed during formal paw preference testing, 

the research conducted in Study 3 provided an opportunity for limb preferences during 

locomotion to be observed. In this study, the limb with which dogs led during their 

approach to the hurdle was recorded across all experimental trials, and similarly, the limb 

upon which dogs landed after the flight phase of the jumping behaviour was also recorded 

for each trial. These data were collected so that the observed limb usage could be 

compared with other preferential behaviour, such as the limb biases expressed during 

paw preference testing. 

As discussed in Chapter 5, the sample of dogs displayed a population level bias 

towards ambilateral leading limb usage during their approach to the hurdle. With respect 
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to the expression of limb preferences during locomotion, the only comparable studies are 

those of Hackert et al. (2008), and Tomkins et al. (2010). Hackert et al. reported that dogs 

demonstrated preferential leading limb usage during galloping behaviour, but noted that 

this only occurred at the level of the individual and not at the level of the population. 

Tomkins et al. conducted a study concerned with jumping kinematics in the dog. These 

authors observed the launching forelimb, which was slightly different from the present 

study’s leading limb. Tomkins et al. defined the launching limb as the last forelimb to 

make contact with the ground before jumping, whereas the present study defined the 

leading limb as the first forelimb to make contact with the ground during each galloped 

stride. Essentially, the two studies examined the opposite forelimb. Tomkins et al. noted 

no significant population level bias for the launching forelimb, although there was a non-

significant trend towards a preference for the left leg. 

No population level limb preference was observed for the paw upon which dogs 

landed after completing the flight phase of the jumping behaviour. As discussed 

previously, Tomkins et al. (2010) noted a population level bias for the paw upon which 

dogs landed, but these authors employed a different statistical approach for classifying 

the dogs’ behavioural biases. The present study adopted the same statistical approach 

that is employed for categorising dogs that have been paw preference tested with the 

Kong, whereas Tomkins et al. only categorised dogs as left, right or both paw preferent. 

The present study included an ambilateral group, which facilitates the comparison 

between measures of this nature and the existing measures of paw preference. The 

different findings of the present study compared with those of Tomkins et al. suggest that 
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further research into this behaviour is warranted, and that a consistent approach to the 

classification of limb preferences is required, if research in this field is to be comparable. 

6.3 THE INFLUENCE OF BRAIN LATERALISATION ON ROLE-SPECIFIC BEHAVIOUR 

6.3.1 Racetrack Behaviour 

As described in Chapter 3, the findings of Study 1 indicated that the racing 

greyhound exhibits lateralised behaviour on the racetrack. The greyhounds were found to 

demonstrate consistent biases for the direction in which they move upon exiting the 

starting boxes, and for the position in which they ultimately ran on the racetrack. These 

biases were highly consistent across multiple racetrack experiences, in spite of the fact 

that the dogs would have been allocated to different starting boxes in each race, and 

raced at different racetracks, against different counterparts. The two racetrack behaviours 

were related; the direction in which a greyhound exited the starting box predicted its 

running position throughout the entire race. These biases were found to be independent 

of the dog’s training, with dogs from the same racing kennel shown to exhibit different 

behavioural preferences.   
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There was no association between the paw a dog preferred to employ during the 

paw preference test and the direction in which it moved upon exiting the starting boxes. 

However, a statistically significant relationship was observed between left paw preference 

and an increased frequency of running in the rail position on the racetrack. Based upon 

the existing knowledge, three theories that may explain the findings were proposed:  

• The asymmetrical gait demonstrated by dogs may have influenced their 

ability to run close to the rail throughout the race. Hackert et al. (2008) 

reported that dogs demonstrate a preference for the limb with which they 

lead during the asymmetrical gallop stride. Dogs with a preference for 

leading with the left limb may be more proficient at negotiating the 

racetrack corners, given that the greyhound racetrack is run in a counter-

clockwise direction. This leading limb bias may be associated with the paw 

preferred during the paw preference test, given that multiple biases can 

interact (Mohr, et al., 2003; Wells, 2003).  

• The arousal levels present during paw preference testing and racetrack 

attendance may have been different in dogs from each of the paw 

preference groups. Gasne et al. (2001) argued that the agreement between 

directional biases expressed on different tasks may be associated with the 

degree of arousal associated with those tasks. Therefore, dogs with a 

preference for the left side may have been those dogs that experienced 

similar arousal states during paw preference testing and racetrack 

attendance. Supporting this theory is the finding that left side biases have 
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been associated with increased stress. Nielsen et al. (1997) reported that 

mice with a preference for the left paw and for leftward turning behaviour 

demonstrated increased corticosterone levels in response to stressors. 

• Ocular lateralisation may have influenced the positions in which dogs 

preferred to run on the racetrack. Dogs with a preference for the left paw 

may have preferred to perceive the centre rail with their left eye, or their 

racing counterparts with the right eye. Relationships between limb and 

ocular preferences have been observed in humans previously (Bracha, Seitz, 

Otemaa, & Glick, 1987; Mandal, et al., 1992). 

The study reported in this thesis is the first to report that the racetrack behaviour 

exhibited by greyhounds may be influenced by brain lateralisation. The reason for this 

relationship cannot be inferred from the results of the present study, but future research 

may be able to delineate this interaction further. In particular, a study involving the 

controlled manipulation of racetrack variables may be informative.  

6.3.2 Temperament in the Pet Dog 

The main finding of Study 2 was that dogs with a preference for the left paw 

scored higher on the stranger directed aggression subscale item of the C-BARQ owner-

rated temperament questionnaire. This is the first time that lateralisation of aggressive 

behaviour has been reported in the domestic dog. This result suggests that aggression 

may be mediated by the right hemisphere; a relationship that is supported by the existing 

literature. Siniscalchi et al. (2010) reported that dogs reacted more strongly to arousing 
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visual stimuli that were presented to the left visual field (indicative of processing by the 

right hemisphere), as opposed to non-arousing visual stimuli, which produced a right 

visual field bias (indicative of processing by the left hemisphere). Similarly, primates, 

lizards and toads have all been shown to direct aggressive behaviour towards conspecifics 

located in the left visual field, which suggests that processing of information related to 

negative affect occurs in the right hemisphere (Casperd & Dunbar, 1996; Deckel, 1995; 

Robins, et al., 1998). Further confirmation of right hemisphere specialisation for 

aggression comes from a study conducted on humans in which it was reported that 

repeated contractions of the right hand were associated with the expression of positive 

affect, whereas repeated contractions of the left hand were associated with the 

expression of negative affect (Schiff & Lamon, 1994). The findings described all concur 

with the Valence-Specific Hypothesis (VSH), introduced in Chapter 4, which states that 

negative emotions are the product of the right hemisphere, while positive emotions are 

the product of the left side (Ahern & Schwartz, 1979).  

The consistency of the results of the temperament study reported in this thesis 

with the results of studies concerned with other animals, suggests that lateralisation may 

affect many species in the same way; perhaps, reflecting a common evolutionary origin. 

However, this claim must be taken with some caution, as the level of aggression observed 

in the sample of pet dogs was quite low, as discussed in Chapter 4. Nonetheless, in light of 

this promising result, further investigation is warranted, and should consider investigating 

this relationship in a sample of dogs displaying varying degrees of aggression. 
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Other factors that appear to influence temperament were also reported in Study 2. 

A number of temperament traits were associated with a dog’s breeding (whether it was a 

purebred or crossbreed), whether or not it attended training classes, how much exercise it 

received, and the amount of grooming it received. As discussed in Chapter 4, inferring 

causality based upon these findings is difficult. For example, dogs that were engaged in 

regular exercise and demonstrated reduced aggression scores could display desirable 

behaviour as a consequence of the positive benefits associated with exercise and 

socialisation or, the results may reflect the fact that owners of aggressive dogs were less 

inclined to take their dog out in public to exercise. Future studies may delineate these 

relationships further by implementing experimental conditions in which dogs receive 

varying amounts of exercise and socialisation, and then compare differences in the 

behavioural outcomes. Presumably, such a study would be difficult to conduct on pet 

dogs, and as such, may require a laboratory-based sample.   

6.3.3 Ocular Laterality in the Agility Dog 

In Study 3, the binocular and monocular influences on jumping kinematics were 

investigated in a sample of competitive agility dogs. The aim of this study was to 

determine whether there were differences in the abilities of the left and right 

hemispheres to process visual information relating to the perception of depth. The study 

also investigated the differences between jumping kinematics variables when dogs were 

restricted to monocular vision and when they retained binocular vision.  
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The findings of this study were in agreement with the existing literature, in so 

much that it appeared that the most accurate perceptions of depth were associated with 

binocular vision (Frisby, et al., 1996; Loomis, et al., 2002). This may be because binocular 

vision provides an organism with stereoscopic vision; the process by which the disparity 

between the images projected on to each of the retinas allows the world to be perceived 

in three-dimensions (Wheatstone, 1838). The study also reported that dogs jumped a 

significantly shorter distance over the hurdle when restricted to left monocular vision. This 

finding could be consistent with the finding that the right hemisphere is less able to 

process visual information related to the perception of depth. As discussed in Chapter 5, 

there is some conjecture regarding the hemisphere that is responsible for the processing 

of visuo-spatial information; some studies argue that it is the right hemisphere (Baecke, et 

al., 2009; Durnford & Kimura, 1971), while others claim it is the left (Adelstein & Crowne, 

1991; Jason, et al., 1984). The results of Study 3, along with the disagreement in the 

literature concerning the lateralisation of visuo-spatial abilities, indicate that further study 

of this ability is warranted.  

6.4 IMPLICATIONS OF THE RESULTS 

This thesis has attempted to delineate the ways in which lateralisation influences 

the behaviour of dogs that serve differing roles within the community. Previous studies 

have investigated the relationships between lateralisation and a number of other 

variables, but to date, none have investigated the influence that brain lateralisation may 

have on the behaviour of the racing greyhound. Additionally, no previous studies have 
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combined a comprehensive assessment of temperament with an examination of motor 

laterality, in the domestic dog. One study has reported on the ocular influences on 

jumping kinematics previously (Tomkins, et al., 2010), but it did not investigate the same 

kinematics variables as the study reported in this thesis. 

The studies reported in this thesis employed non-invasive methods to investigate 

laterality in the dog. In particular, the study of temperament relied on an owner-rated 

assessment; the outcome of which was that dogs did not need to be exposed to 

traditional temperament tests that may have been stressful to some individuals. 

Moreover, the assessment utilised in this thesis measured more temperament traits than 

it would have been possible to assess utilising a traditional testing approach.  

The jumping study reported in the thesis involved the selective manipulation of 

vision, but this did not appear to stress the highly trained dogs that took part in the study. 

Understanding the ways in which lateralisation affects a dog’s ability to perceive depth 

may have important implications for individuals involved in the competitive sport of dog 

agility, but may also have implications for dogs fulfilling other roles, such as those working 

as guide dogs for the blind. 

The relationship observed between motor laterality and biased racetrack 

behaviour in the greyhound represents the first investigation into this population of dogs. 

The findings of this study indicate that paw preference is associated with biased racetrack 

behaviour. This particular finding, if investigated further, may provide greyhound breeders 

and trainers with a selection tool with which they can assess racing candidates at a 
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younger age. This earlier selection would reduce the costs associated with raising and 

training unsuitable dogs, and may also have important implications for animal welfare; 

many thousands of greyhounds are registered as racing dogs each year ("Australasian racing 

statistics," 2007), but the remaining dogs are re-homed or killed. Identifying unsuitable 

dogs at an earlier age may make re-homing more possible, which would be a positive 

welfare outcome.  

Study 1 also reported that greyhounds demonstrate consistent behavioural biases 

across their racing careers. If dogs commence races from starting boxes that are 

inconsistent with their directional biases, racetrack collisions may occur when they 

attempt move towards their preferred running positions. Such collisions could be avoided 

if an individual’s behavioural bias was considered during the starting box allocation 

procedure. As discussed, racing authorities in the UK have adopted a system whereby 

racing stewards observe a dog’s behaviour in its first race, and subsequently allocate it to 

an appropriate starting box in each race thereafter (Irish Greyhound Board, personal 

correspondence, 10 June 2009). Interestingly, there are no data comparing the frequency 

of racetrack collisions before and after the implementation of the seeding system in the 

UK, and therefore the effectiveness of this practice is unknown. Nonetheless, the results 

of the present study suggest that such a system may reduce racetrack collisions in 

Australia.  

Understanding the lateralisation of temperament has important implications for 

owners of pet dogs, as well as breeders, trainers, and people involved in the selection of 
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service dogs; amongst many others. The study reported in Chapter 4 found evidence that 

linked the canine’s right hemisphere with human-directed aggression. This finding has 

obvious public safety implications. Similarly, other aspects of canine temperament are 

important to our interactions with the dog (such as their trainability), and these should 

also be investigated further.  Such investigations should employ behavioural measures 

that may be more sensitive than the C-BARQ. 

The findings of the jumping kinematics study reported in Chapter 5 lend some 

evidence in support of the notion that the visuo-spatial abilities of dogs may be 

lateralised; however, future studies are needed to confirm this. One of the implications of 

this finding is the contribution it makes to the understanding of visual lateralisation in the 

dog. As discussed, there are differing reports regarding the hemisphere that is responsible 

for the processing of visual information related to the processing of depth; however, to 

date there is no evidence from the domestic dog species. Therefore, Study 3 provides the 

first evidence in support of left hemisphere superiority for the perception of depth in this 

species.  

Depth perception in the domestic dog may be of particular interest to agility 

trainers, as dislodged hurdles are a commonly incurred fault by dogs in the competitive 

arena. With the knowledge that dogs are able to perform a more optimal jumping stride 

under the guidance of the right eye, trainers may wish to dedicate more attention to 

developing the dog’s jumping ability when guided by the left eye. This is because dogs are 

often required to negotiate hurdles whilst turning corners, which presumably results in 
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them perceiving the obstacle predominantly with one eye. Alternatively, handlers may be 

able to ensure that their dog approaches obstacles in such a way that vision with the right 

eye is always possible. 

6.5 LIMITATIONS 

While the studies reported in this thesis attempted to investigate the influence 

that brain lateralisation has on the behaviour of dogs that fulfil various roles within the 

community, they were subject to a number of limitations.  

The employment of motor laterality assessments requiring the consumption of 

food may have confounded the paw preference results. This is because such measures 

may have reflected individual preferences for the side of the mouth with which dogs 

preferred to chew, or similarly, may have reflected the eye with which dogs preferred to 

view particular stimuli. Moreover, the influences of satiation versus hunger on manual 

laterality have not yet been investigated in the domestic dog and therefore, the usage of 

food in such tests may be problematic. 

The study of greyhounds involved the analysis of data obtained from real 

greyhound races, and thus several variables in the study could not be controlled. These 

potentially confounding variables included the influence of the other dogs and the 

auditory and visual stimuli associated with the different racetracks.   Although the aim of 

the study was to compare motor laterality with the biases expressed in this real-life 

situation, further understanding of this relationship will require the study of greyhounds 

under controlled conditions. Additionally, preferential racetrack behaviour was 
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determined by comparing the distribution of the racetrack behaviour demonstrated by 

each individual, with the distribution that would be expected to occur at the level of 

chance. That is, the study assumed that, given no behavioural bias, a greyhound should 

exhibit an equal distribution of each of the possible racetrack behaviours (i.e. an equal 

number of left starting direction behaviour, right starting direction behaviour, and straight 

starting direction behaviour). As discussed in Chapter 3, this prudent approach was 

adopted because no data currently exist to elucidate the ‘natural’ distribution of racetrack 

behaviour in the greyhound.  

In the second study reported in this thesis, the issues associated with traditional 

canine temperament testing techniques, including the difficulties associated with 

measuring temperament factors on one particular occasion, were avoided by adopting an 

owner-rated questionnaire (the C-BARQ). While this approach was considered to be the 

most appropriate for assessing a large number of temperament traits, this method may 

have some limitations. As discussed in Chapter 4, the C-BARQ subscale items may not 

have been sensitive enough to detect the subtleties of many temperament traits. For 

example, the non-social fear subscale item combined items that referred to both visual 

and auditory stimuli, which may have led to the masking of some temperament traits. 

Some dogs that were noise phobic in response to the sounds of fireworks and thunder 

may not have displayed fearful behaviour is response to visual stimuli, whereas other dogs 

that displayed fearful behaviour in response to visual stimuli may not have displayed noise 

phobia; however, these dogs may have scored comparably on the subscale item, despite 

exhibiting quite different behavioural traits. For this reason, it is suggested that future 
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research employ temperament tests related to specific traits that can be scored 

objectively by a researcher. Such an approach would also diminish the likelihood of biased 

reporting by pet dog owners. 

Investigating the relationships between various temperament traits and motor 

laterality in pet dogs drawn from the community also subjected the study to a selection 

bias. Participants in the study were volunteers who had responded to newspaper 

advertisements and therefore, it is unlikely that the owners of dogs displaying undesirable 

temperament traits would have volunteered their dogs for inclusion in the study. 

Consequently, the level of aggressive and fearful behaviour observed in the sample was 

quite low. Future research should investigate the relationship between lateralisation and 

temperament by assessing a sample of dogs in which there is greater variation between 

individuals, with respect to the particular temperament traits of interest.  

The jumping kinematics study reported in Chapter 5 of this thesis involved a 

carefully constructed experimental design, which facilitated important control over many 

variables. However, as discussed in Chapter 5, some of the manipulations utilised in the 

study may have influenced the results. For example, the use of the head collar to 

selectively manipulate the dogs’ vision may have biased the results, beyond the visual 

restriction it provided. The experimenter attempted to control for this potential confound 

by testing dogs with the head collar, under all ocular conditions. Nonetheless, the jumping 

behaviour displayed by the dogs whilst wearing the head collar may not correlate well 
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with the jumping behaviour exhibited by dogs under normal conditions, although this was 

not specifically investigated in the study.  

In the study of jumping kinematics, dogs were tested on a level grassed surface. 

This feature of the study was intended to maximise the safety of the participating dogs by 

providing them with a non-slip surface; however, it may have also confounded the results. 

This is because the natural ground surface could not be matched for every dog in the 

sample. It is possible that there were irregularities in the ground surface that may have 

influenced the dogs’ approach to, and jumping of, the hurdle. Future study should 

consider utilising a high quality artificial surface that maintains the safety of the 

participating dogs and is consistent for all subjects.  

The border collie breed has been selectively bred to possess a number of physical 

and behavioural traits. Accordingly, it is possible that the results obtained in Study 3 may 

not translate well to the rest of the domestic dog species. Moreover, the individuals that 

participated in the study were all highly trained agility dogs and therefore, may have 

demonstrated atypical jumping behaviour. For example, given the dogs’ experience with 

negotiating hurdles, it is possible that they possessed ‘expert’ knowledge and therefore, 

did not need to perform the same visual assessment that an inexperienced sample would. 

As discussed in Chapter 5, the influence of expert knowledge on jumping behaviour should 

be investigated by comparing the jumping kinematics of experienced dogs with 

inexperienced dogs.      
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6.6 CONCLUDING REMARKS 

The studies reported in this thesis have shown that possession of a lateralised 

brain imposes behavioural influences on the domestic dog. Specifically, it was shown that 

being lateralised may have implications for a dog’s ability to fulfil various roles. For 

example, the racing greyhound demonstrates directional biases on the racetrack that are 

consistent over multiple experiences, and these are associated with the motor laterality 

that the greyhounds exhibit on a paw preference task. It was also shown that 

lateralisation may be involved in the aggressive responses that pet dogs direct towards 

unfamiliar humans, with a suggestion that the right hemisphere governs this type of 

behaviour. Finally, brain lateralisation may have an influence on the jumping kinematics 

demonstrated by agility dogs. It seems that being guided by the right eye provides dogs 

with a greater ability to perceive depth than does being guided with the left eye; 

indicative of left hemisphere processing for this function. The findings of the studies 

reported in this thesis have a number of implications for various stakeholders. In 

particular, the greyhound racing industry may wish to consider the method by which dogs 

are assigned to starting boxes, as racetrack collisions may be reduced by acknowledging 

the behavioural biases demonstrated by dogs. Shelter staff, breeders, and those 

personnel involved in the selection of dogs for various roles may benefit from 

understanding the associations that may exist between motor laterality and temperament 

in the dog. Finally, the findings of the jumping kinematics study may have implications for 

personnel involved in the selection of service dogs, and for pet owners involved in the 

competitive sport of dog agility.      
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Appendix B 
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      thesis held in the University of Adelaide Library.
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Appendix C 

ID CODE:………… 
 
 

Canine Interaction and Home Environment Survey 
 
 
This dog is a -    Cross breed     Pure Breed         Registered Pure Breed  
 
Breed…………………………………………………………………………………… 
 
Age of dog……………………Age of dog when it came to live with you…………….. 
 
This dog is a………………. Male                    Female 
 
Is this a single dog household?   Yes   No          

 
If no, how many other dogs do you have?............................................................ 

 
 
Number of people usually living at residence?................................................................  

Person 
Number 

Age 
 

Gender 
(M/F) 

Feeds  
Dog (Y/N) 

Exercises 
Dog (Y/N) 

Grooms 
Dog (Y/N) 

1      

2      

3      

4      

5      

6      

 

On average, how long does this dog spend alone each day?...................................hours 

Where does this dog sleep at night?................................................................................. 

Does this dog come inside?      Yes    No 

If yes, please explain when dog is inside/outside……………………………….. 

........................................................................................................................................... 

………………………………………………………………………………………..…. 

........................................................................................................................................... 
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How often is this dog walked? 
 
More than once a day         Once a day         Every two days  
 
Every 3 - 5 days        Once a week         Less than once a week 
 
 If less than once a week, how often?.................................................................... 
 
On average, how long is each walk?....................................................................minutes 

Does your dog run off-lead when out walking?  Yes  No  

 Please comment…………………………………………………………………  

………………………………………………………………………………………..….  

 

Does this dog attend a dog training club of any kind?  Yes   No  

 If yes, what kind of training and how often?…………………………………… 
………………………………………………………………………………………….. 
 
How often do you groom this dog? 
 
Once a day or more             Every 2 – 3 days    Every 4 – 5 days  
 
Once a week              Every 2 – 3 weeks        Once a month or less 
 
 
Which of the following best describes your residence? 
 
Small suburban block     Unit/Apartment with yard 
 
Medium suburban block   Unit/Apartment without yard 
 
Large suburban block    Acreage  
 
Other (please describe)…………………………………………………………………. 
………………………………………………………………………………………….. 
 
Do you live on a corner block?  Yes   No 
 
Is the footpath/street visible to the dog? Yes   No 
  

If yes, does your dog react to people/cars/dogs etc. passing by? Please describe 
…………………………………………………………………………………………..……
……………………………………………………………………..……………… 
 

Thank you for taking the time to complete this questionnaire! 
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