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Although the when and where of the origin of the domestic dog is continuously challenged by new 

scientific evidence, the fact that the dog is our first domesticated animal and has lived by our side at 

least since the rise of agriculture about 14.000 years ago is by now rather undisputable (Savolainen 

et al., 2002, Pang et al., 2009, Thalmann et al., 2013, Freedman et al., 2014, Skoglund et al., 2015). 

The fact that we have co-evolved for such a long period of time have also resulted in a unique bond 

between human and dogs, and dogs seem to have an innate ability to understand us. It has, for 

example, been shown that the level of oxytocin rises in both humans and dogs as an effect of eye 

contact between the two, laying a foundation for the strong bond between them (Nagasawa et al., 

2015), and dogs are better than both chimpanzees and wolves to understand human pointing 

gestures (Miklósi et al., 2003, Kirchhofer et al., 2012). Today, dogs are a natural part of society and 

wherever in the world there are humans there are also dogs. They are highly appreciated for their 

suitability as pets and their hunting, herding and guarding abilities, not to mention for their 

important role as police, military, search and rescue and assistance dogs. This also puts pressure on 

the behaviour of the dogs, and different behaviours are desirable depending on role and owner 

preferences. Additionally, dogs are an important model animal, for example for genetic studies.  

Since its domestication, various types of dogs have developed through adaptation to an environment 

shared with humans and selective breeding, resulting in a unique within-species variation in 

morphology and behaviour. The stringent selective breeding we are familiar with today began with 

the founding of breeding associations and breed standards in the 19th century, giving rise to 

purebreds with closed gene pools (Parker et al., 2004, Boyko, 2011). From a research point of view, 

the great variation between breeds and remarkable similarities within a breed, makes them a 
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fascinating model animal for studies on morphology, physiology, and, of course, behaviour. Since its 

genetic makeup follows the pattern of the phenotypes with low within-breed variation and high 

between-breed variation, they are an excellent model for genetic studies. Accordingly, the dog 

genome was one of the first to be sequenced (Lindblad-Toh et al., 2005). 

Being the popular and commonly found animal that they are together with their importance as a 

model animal, dogs have a high research value. Simply, learning more about dogs is both important 

and out of great interest to many. Especially, there is an interest to learn more about the behaviour 

of dogs since this is of such importance to both pet owners, dog trainers and researchers, and of 

course to the dogs themselves from a welfare perspective.  

Interestingly, the dog did not start to interest ethologists until rather late, focus instead being the 

behaviour ecology of wild animals. During the first decades of the 20th century those that used dogs 

in research were psychologists who were interested in the process of learning. One of the first and to 

date one of the most extensive studies on dog behaviour were Scott and Fuller’s 20 years long 

project where they studied behavioural patterns, breed differences in behaviour, developmental 

stages and the genetics of behaviour (Scott and Fuller, 1965). Studies on dog behaviour became more 

and more popular. Especially during the last 20 years studies on for example personality, social 

cognition and behavioural genetics with the dog in focus have increased extensively (e.g. Jones and 

Gosling, 2005, Hall and Wynne, 2012, Kaminski and Nitzschner, 2013). 

In order to test the behaviour of animals in a way that is valid, reliable and comparable there is a 

need for standardized tests that can be used in different places and by different people. The use of 

standardized behaviour tests began in medical and pharmacological research where there was a 

need to test laboratory model animals. One such test is for example the open-field test which was 

developed in the 1940s and measures an animal’s exploratory behaviour and activity (Gould et al., 

2009). When it comes to dogs, different behavioural tests have been developed mainly due to a need 

for unbiased and uniform assessment of dogs’ aptitude for different work tasks and for a tool to use 

in dog breeding to help breeders make sound decisions. For example, behavioural tests have been 

used to assess shelter dogs’ suitability as pets (e.g. Mornement et al., 2014), to assess dogs’ aptitude 

for becoming police and military dogs (e.g. Wilsson and Sinn, 2012), to evaluate the breeding stock of 

working dogs (e.g. Svartberg and Forkman, 2002) and herding dogs (e.g. Arvelius et al., 2013), and to 

assess potential guide dogs (e.g. Batt et al., 2008). Behavioural tests are of course also used in gaining 

more knowledge about the behaviour of dogs, for example the personality of dogs (e.g. Svartberg 

and Forkman, 2002) or specific behaviours or behavioural traits, like aggression (e.g. van der Borg et 

al., 2010) and fear (e.g. Ley et al., 2007), and dog’s social cognition (e.g. Miklósi et al., 2003). 
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Behavioural tests are often referred to as ‘behavioural assessments’ or ‘temperament tests’. 

Although some behavioural tests focus on only one specific behaviour, most score several 

behavioural variables in one or several situations. Behavioural variables that are correlated are 

assumed to reflect and underlying common trait (Diederich and Giffroy, 2006, Taylor and Mills, 

2006). Behaviour traits are commonly extracted by the use of a factor analysis on a larger set of 

behavioural data. Among other things, this reduces the data set into something more approachable 

and more readily used in further statistical analysis.  

 

By assessing a dog’s behavioural reactions in different situations and/or to different stimuli, many 

attempt to describe a dog’s personality. Personality in any animal is defined as individual behavioural 

differences that are consistent over time or across situations. This concept is, however, not only 

known as ‘personality’, but is used more or less interchangeably with ‘temperament’ and ‘character’ 

within dog research (Jones and Gosling, 2005, Diederich and Giffroy, 2006, Taylor and Mills, 2006).  

One example of a factor analysis being used to extract behaviour traits was for example done in 

Svartberg and Forkman (2002) when they studied personality in dogs. They found five different 

personality traits from 33 behavioural variables scored in a behavioural test. Jones and Gosling 

(2005) took another approach. Based on behavioural traits described in previous research, an expert 

panel sorted them into seven broad personality traits, or, to use the concept they themselves use, 

temperament dimensions. Further, ‘super-trait’ is a term regarding a higher-order personality trait, 

representing a broad factor consisting of correlating traits. Svartberg and Forkman (2002) identified 

one such super-trait, the shy-bold axis, by a second-order factor analysis. Another super-trait would 

be the coping styles, where proactive and reactive copers differ in a variety of behaviours (Horvath et 

al., 2007, Blackwell et al., 2010, Starling et al., 2013).   

In their review, Jones and Gosling (2005) recognize four main ways in which dogs’ behaviours are 

tested. Two where the dogs’ behaviour is actually observed, namely observational test and test 

batteries, and two that rely upon information from an informant, namely ratings of individual dogs 

and expert ratings of breed prototypes.  

Observational test is when the dog is observed in a natural environment. For example, Carrier et al. 

(2013) studied dogs’ interactions in a dog park and Mongillo et al. (2014) studied gazing behaviour 
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between dogs and their owners during their regular dog walk. A test battery will instead test dogs’ 

behaviour across different standardized test situations. One such example is the Socially Acceptable 

Behaviour (SAB) test based on Netto and Planta (1997). It is used by the Dutch Kennel Club to select 

against unwanted aggression and fear in breeding animals and has also been the focus of several 

studies (e.g.Planta and De Meester, 2007, Haverbeke et al., 2009, van der Borg et al., 2010, De 

Meester et al., 2011). The test consists of 16 subtests such as, among others, approach by unfamiliar 

persons, sudden visual and sound stimuli and a doll pulled towards the dog and then used to touch 

and pet the dog.  

In contrast to these two methods, in ratings of individual dogs information on a dog’s behaviour is 

gathered from an informant, most commonly its owner or caretaker. The most commonly used 

questionnaire is the C-BARQ (Canine Behavioral Assessment and Research Questionnaire), developed 

by Hsu & Serpell (2003). It consists of about 100 questions where the owner describes on a five point 

rating scale how the dog reacts and behaves in different situations in its everyday life. Based on a 

factor analysis, the majority of the questions are divided into 14 distinct factors, for example 

different forms of aggression and fear (Duffy and Serpell, 2012). It has, for example, been used to 

evaluate trainability (Serpell and Hsu, 2005) and aggression (Duffy et al., 2008), and can predict 

success in both young guide and service dogs (Duffy and Serpell, 2012) and military working dogs 

(Foyer et al., 2014). While rating of individual dogs is commonly used, expert ratings of breed 

prototypes have been scarcely used in research recent years. The informants in this method are 

deemed experts on dogs, such as veterinarians, dog trainers and judges in dog sports (Jones and 

Gosling, 2005). 

Questionnaires are able to capture dogs’ behaviour over a longer time span than observational tests 

and are less influenced by daily fluctuations, seasonal effects and the dogs’ conditions before the 

test. Test batteries only capture the behaviour during the time in which the test takes place. 

However, questionnaires might be influenced by the subjectivity of the informant. There are studies 

that have used both questionnaires and test batteries and tested the accordance between the two. 

For example, Svartberg (2005) found correlation between traits such as fearfulness, playfulness and 

sociability and corresponding traits measured by the C-BARQ. There was, however, no correlation 

found between aggression as measured by the different tests. Similarly, Mirkó et al. (2013) found 

some but not all expected correlations between the test battery FIDO personality test and the 

questionnaire Dog Personality Questionnaire, for example for aggressive behaviour. Aggression being 

a strongly loaded term, this could be because owners are reluctant to score their dogs high in that 

category, or because the tests fail to measure the aspect that is shown in dogs’ everyday behaviour. 
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For test batteries and observational data, there are different methods of measurement. The ones 

mainly used are behavioural coding, subjective or observer rating and behaviour rating. Behavioural 

coding refers to the, within ethology, classic ethogram-based method of observation, where the 

behaviours are objectively described and then scored and quantified into, for example, frequencies 

and/or numbers (Svartberg, 2007). Haverbeke et al. (2009) used this method of measurement when 

they studied aggression in military working dogs. During a test battery, behaviours coupled to 

aggression described in an ethogram were observed and the total number of the aggressive 

behaviours in the different subtests is presented. In the two rating methods, the behaviour of the 

dog is instead scored on a pre-described rating scale. In subjective rating, this scale commonly 

consists of how high expression the dog shows of certain traits, for example aggression or fear, over 

multiple observations. A subjective rating is thus based on the observer’s overall interpretation of 

the dog’s reactions and therefore rather subjective, hence the name (Svartberg, 2007). Behaviour 

rating, on the other hand, is more objective and is used in specific situations to score certain 

behaviours. The scale consists of descriptions of specific behavioural reactions belonging to the same 

behavioural category and is usually ordered in intensity.  

Both subjective and behaviour rating are used in the standardized behaviour test used by the 

Swedish armed forces to find suitable dogs. During the subtests, the reactions are scored according 

to behaviour rating. For example, in the retrieving sub-test, the rating regards the dog’s interest in 

the object (behavioural category) and the dog is rated according to a five-point-scale with the 

following descriptions of its behaviour: 1) Does not take ball. 2) Grabs ball but let’s go immediately. 

3) Grabs ball, carries less than 5 s. 4) Grabs ball, carries. 5) Grabs ball intensely, carries. Based on all 

the sub-tests, the observer will then make a subjective rating of certain behavioural traits, among 

others courage and sharpness. This is done on a scale from 1 to 5 where one is low expression and 

five is high expression (Wilsson and Sinn, 2012). When comparing the two methods, Wilsson and Sinn 

(2012) concluded that both behaviour and subjective rating predicted what dogs that would not 

complete training, although it seems that they identified different aspects of some traits. According 

to Svartberg (2007), although behavioural coding and behaviour rating will be more objective 

methods, subjective rating might capture an overall behavioural dispositions that the others might 

miss.  
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Reliability and validity are two concepts regarding the efficiency of an experimental design, where 

reliability concerns the degree of measurement errors and validity concerns how well the test setup 

measures a given behaviour and how relevant the result is.  

A high reliability means a low degree of measurement errors and thus high repeatability of and 

consistency in the experimental design. There are mainly three types of reliability estimates, namely 

intra-observer, inter-observer and test-retest reliability (Jones and Gosling, 2005, Diederich and 

Giffroy, 2006, Taylor and Mills, 2006). Intra-observer reliability measures the consistency of one 

observer. In Kim et al. (2010) this was for example tested by letting the observer re-rate the videos. 

Inter-observer reliability is instead the consistency between several observers. Carrier et al. (2013) 

tested this by letting a second observer rate 20 % of the same videos that the main observer had 

rated. Although high agreement on most behavioural categories, one was found where low 

agreement existed. To increase the reliability of the study, both observers rated the videos and 

where the rating differed they discussed the incident and reached a consensus decision. Lastly, test-

retest reliability tests the consistency in the test itself; will the dog react in the same way tested on 

another occasion and/or a different place? By repeating a questionnaire six month after the first 

filling in, Ley et al. (2009) could assess the test-retest reliability of the same.  

Two types of validity ought to be addressed. Internal validity regards such things as how well a test 

measures both specific behaviour and a broader construct and if it measures all aspects of it, while 

external validity concerns the generality of the results, for example how well what the test measures 

predicts behaviour in other situations (Taylor and Mills, 2006, Miklósi, 2015). Valsecchi et al. (2011) 

tested how valid a temperament test for shelter dogs was by comparing scores from the 

temperament test to the case history on the dogs made by police and veterinarians, e.g. on their 

aggression level. This relates to how well the test can predict behaviour in other situations. They also 

performed a factor analysis, in which variables described in different subtests designed to describe 

aspects of the same behaviour also should correlate. 

The lack of reliability and validity measures for behaviour tests for dogs has been a concern in 

previous reviews (Jones and Gosling, 2005, Diederich and Giffroy, 2006, Rayment et al., 2015). 

According to Jones and Gosling (2005), though, those studies that do report reliability and validity 

show promising results of tests being both reliable and valid, although authors note that more should 

report this. Diederich and Giffroy (2006) argue that instead of inventing more and more general 

behaviour tests that needs to be tested for reliability and validity, there should be standardized tests 
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already tested that can be chosen. With a focus on tests used in shelters, Rayment et al. (2015) 

points out the importance of high quality behaviour tests for dogs where they decide whether the 

dog may be rehomed or not. Even so, authors write that few protocols have been shown to 

accurately test dog behaviour.  

Behaviour tests for dogs exist testing several behaviours and behavioural traits. Three of the most 

common are fearful behaviours, aggressive behaviours and social behaviours.  

Boissy (1995) defines fear, and anxiety, as “emotional states that are induced by the perception of 

any actual danger (fear state) or potential danger (anxiety state) that threatens the well-being of the 

individual”, and continues with that fearfulness can be considered “a personality or temperament 

trait defining the general susceptibility of an individual to react to a variety of potentially threatening 

situations”. In behaviour tests for dogs, a dogs reaction to potential threatening stimuli is tested, 

often a novel object or a startle test. For example, Sherman et al. (2015) tests dogs reactions in a 

battery of potential threatening situations in the Emotional Reactivity Test. Among other things, dogs 

are handled by a stranger and walked up and down an open riser stair, a big bag suddenly dropped in 

front of the dog, a remote-controlled vehicle moves towards the dog and a gunshot is fired.  Both the 

dogs’ initial reactions are scored as well as their willingness to approach the stimuli. This is a common 

way of testing fearfulness (Jones and Gosling, 2005). Fearful behaviours may for example be 

avoidance, crouching, barking, hiding and seeking support from handler (Foyer et al., 2016).  A low 

fearfulness is sometimes labelled curiosity (Svartberg and Forkman, 2002), and Wilsson and 

Sundgren (1997) uses the concept courage as the ability to overcome fear.   

Aggression is another commonly studied trait in dogs. Aggressive behaviours include for example 

biting, growling and snapping, directed at either people or other dogs (Jones and Gosling, 2005). 

Aggressive behaviours are often divided depending on either the recipient, for example owner, 

stranger or dog, or the motivation for the behaviour, for example fear, dominance or prey. Many 

times similar stimuli that are used to test fear reactions are also used to test aggressive reactions. For 

example, the dog mentality assessment used in Svartberg and Forkman (2002) do not only measure 

fear behaviours during the visual startle test but also aggressive behaviours such as threats, attacks 

and bites. In a study by Netto and Planta (1997), 98 % of included dogs showed signs of aggression 

during a behaviour test with several subtests that got increasingly more threatening and trying for 

the dogs (for example a stranger approaching the dog yelling and making kicking movement towards 

the dog, being cornered by three barking dogs and owner being attacked by a test person). 
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Aggressive behaviour is a natural part of a dogs behaviour repertoire, but at the same time 

considered a problem if being too pronounced. Due to the difficulty of standardizing a test another 

dog as a stimulus to test for dog-dog aggression, a commonly reported problem among pet dogs, 

dummy dogs may be used. However, Shabelansky et al. (2015) failed to show an agreement between 

aggressive behaviour toward a real and a fake dog, raising concern if this is a valid test design.  

A quite unique trait for dogs is their interspecies sociability. Their social behaviour towards people is 

also something that is regularly tested as it is an important behaviour for a pet dog. Other concepts 

used for sociability are affability and extraversion (Jones and Gosling, 2005). One way of measuring 

the social behaviour is by studying the dogs’ reaction towards an approaching stranger. For example, 

in Roth and Jensen (2015), a novel person approached the dogs and the dogs’ behaviours towards 

the stranger was recorded, as well as their behaviour towards their owner. Another way of studying 

human-directed social behaviour is by presenting the dogs with a problem-solving situations, either 

unsolvable or difficult to solve. Studies have shown that dogs, but not wolves, will seek contact with 

humans in this context (Miklósi et al., 2003, Udell, 2015). Persson et al. (2015) used this test setup 

when investigating the heritability of human-directed social behaviour.  

Behavioural reactions are of course coupled to physiological reactions and by measuring 

physiological aspects as well as behavioural we are able to understand the behaviour even further as 

well as getting a better understanding of the emotional state. Those physiological aspects that have 

been the main focus for researchers are physiological measurements of stress. One measurable 

physiological reaction is cortisol which is the product of the hypothalamic–pituitary–adrenal (HPA) 

axis that is activated in response to a stressor. Hydbring-Sandberg et al. (2004) measured plasma 

cortisol levels in response to gunshot and dogs displaying a high fear behavioural reaction also 

showed increase cortisol levels. While plasma and saliva cortisol measurements measures the acute 

stress reactivity, cortisol can also be measured in a hair sample to get a more long-term measure of 

cortisol secretion. Using this method, Siniscalchi et al. (2013) found that hair cortisol levels correlated 

to fear-related behaviours in response to sounds such as thunderstorms and barks from strangers.  

Another regularly used physiological measurement is cardiac activity in forms of heart rate and heart 

rate variability. The sympathetic nervous system is activated for example by a stressor and will 

increase the heart rate. In addition to the increased cortisol levels, noise phobic dogs in the study by 

Hydbring-Sandberg et al. (2004) mentioned previously also showed an increase in heart rate. Heart 

rate variability, beat-to-beat alterations of the heart rate, represents the balance between 
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parasympathetic and sympathetic nervous system where a low variability represents an increased 

sympathetic cardiac control. For example, Wormald et al. (2017) found that dogs with anxiety-

related behaviour problems had a reduced heart rate variability in comparison to control group. 

While there is a variation in behaviour between individual dogs, there are also differences between 

breeds. During domestication, the predatory motor patterns have been modified through selection 

and often differ distinctively between groups of dog breeds. In retrievers, the behaviours of orienting 

and grabbing prey are hypertrophied while crushing or killing is suppressed. In border collies, on the 

other hand, eye, stalk and chase have been hypertrophied  (Coppinger and Coppinger, 1996, 

Mehrkam and Wynne, 2014). Behavioural differences has been found also in behavioural traits such 

as boldness, playfulness, sociability and aggression (Svartberg, 2006, Duffy et al., 2008, Starling et al., 

2013). In a study by Eken Asp et al. (2015), the C-BARQ is used to study breed differences and found 

that breed have a significant effect on most of the behavioural categories. The biggest difference 

found was in human-directed play interest where Belgian Malinois had the highest scores and 

Bernese mountain dog, Rhodesian ridgeback and Chihuahuas hade the lowest.  

In their review on breed behavioural differences, Mehrkam and Wynne (2014) conclude that there 

are breed differences, but also note that there are substantial within-breed differences in behaviour 

that should not be neglected. Indeed, golden and Labrador retrievers bred for different purposes 

(show and hunting) show significant behavioural differences between the types for several 

behavioural traits (Sundman et al., 2016). For example, hunting bred dogs of both breeds showed 

higher playfulness. 

The fact that breeds are both genetically distinct and show high diversity in phenotypic traits puts the 

dog in the position of being a good genetic model. Many breeds were created through a small 

number of founders, a small population size and high levels of inbreeding has caused big genetic 

variation between breeds while the variation is small within breeds. As a result, purebred dogs can 

for example be assigned to the correct breed based on genotype data (Parker et al., 2004, vonHoldt 

et al., 2010). Taking advantage of the breed differences in both phenotypic traits and genetics, genes 

have been found for morphological trait such as size (Hoopes et al., 2012), colour (Kaelin and Barsh, 

2013) and coat length and texture (Cadieu et al., 2009), and genes underlying both Mendelian and 

complex diseases have been identified in dogs, many of which have human analogies (Boyko, 2011). 
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Within behavioural genetics, however, the genes have proven to be more elusive. Behaviours are 

both complex and difficult to phenotype. Behaviours are thought to be mainly polygenic and with 

environment having an effect, explaining the difficulties in pinpointing specific genes as responsible 

for specific behaviours (Ilska et al., 2017). 

Studies show that the variation in behaviour in many cases has a significant genetic factor shown by 

narrow-sense heritability estimates (Saetre et al., 2006, Liinamo et al., 2007, Arvelius et al., 2013). 

Narrow-sense heritability is an estimate of the proportion of the variation in a trait that is caused by 

additive genetic factors. For example, Arvelius et al. (2014) found that in a population of rough collies 

the heritability for sociability as measured in the dog mentality assessment was 0.22.  

In candidate gene approaches, associations has been made for example between genes and the 

behaviours aggression, fearlessness and activity levels (Takeuchi et al., 2009a, Takeuchi et al., 2009b, 

Våge et al., 2010, Lee et al., 2008, Lit et al., 2013). Additionally, Kis et al. (2014) studied the oxytocin 

receptor gene and found that SNPs in the regulatory region of the gene were associated to stranger-

directed behaviours.   

Few genome-wide association analyses have reached genome-wide statistical significance. Two that 

have are studies on obsessive-compulsive behaviour with the approach of using breeds prone to 

obsessive-compulsive behaviour, for example compulsive tail chasing, and control breeds that are 

not (Tang et al., 2014, Dodman et al., 2010). That is, they have used clinical disorders that can be 

clearly defined. However, there are studies that have found associations to common traits as well. 

For example, a genome-wide association study on a population of beagle dogs found three significant 

SNPs for human-directed social behaviour during a problem solving task (Persson et al., 2016). 

Additionally, Ilska et al. (2017) found several associations between SNPs and behavioural traits 

measured by the C-BARQ, many in or close to genes known to regulate neurological or behavioural 

functions.  

Dog behaviour has been in focus for many studies up to date and the number will most likely 

continue to increase due to the dogs’ position as an appreciated pet and model animal. Critique has 

been raised that tests are not tested for reliability and validity and always when coming across a 

behavioural test it is important to be careful not to interpret more than what the test design allows. 

Although there are plenty behavioural tests out there already, the search for genetic architecture 
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behind behaviours will continue will require even more specific and specialized behavioural tests to 

be able to pinpoint the exact genetics behind a behavioural reaction.  
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