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Modern  behavioural  tests  for domestic  dogs  are  commonly  employed  across  a variety  of
fields, including  the  assessment  of  companion,  assistance,  working  and  sporting  dogs. While
there is increasing  scientific  attention  on the  development  and  evaluation  of behavioural
tests  used  to  assess  personality,  a lack  of  robust  assessment  of the  validity  and  reliability
of  many  test  protocols  currently  in  use  ‘on  the  ground’  has  led to the  repeated  questioning
of  their  use  by  both  the  scientific  community  and  the  public.  This  is  particularly  prevalent
within  the  welfare  sector,  where  consequences  for dogs that  are  identified  as behaviourally
unsuitable  for  rehoming  are dire.  Despite  the  large  body  of  work  dedicated  to canine  per-
sonality and behavioural  test  development,  relatively  few  reported  protocols  have been
demonstrated  to  accurately  and  reliably  predict  behavioural  traits  in dogs,  according  to
accepted  validation  and  reliability  assessment  protocols  used  by  psychologists.  Inconsisten-
cies in  the  terminology  used  to  describe  behaviour,  tests  and  canine  personality  are  common
within  the  literature  pertaining  to applied  personality  testing  of dogs,  making  discussion  of
the  usefulness  of  such  tests  within  the applied  environment  difficult.  Furthermore,  highly
relevant  information  gained  from  the  fields  of psychology  and  ethology,  such  as  the  limita-
tions of behaviour-only  scoring  systems,  the  need  to assess  both  temporal  and contextual
stability  during  personality  testing,  and  the  effects  of  arousal,  impulsivity  and  affective
state  on  behaviour,  is seemingly  overlooked  by  some  test  developers,  resulting  in array  of
test protocols  that  suffer  from  similar,  predictable  design  limitations.  This  review  discusses
the most  prominent  considerations  and  limitations  relevant  to  the  assessment  of personal-
ity through  behavioural  tests  in  domestic  dogs,  and  suggests  possible  mechanisms  through

which  these  limitations  may  be investigated  and  addressed.  In particular,  it is  recommended
that the  results  of shelter-based  behavioural  test  batteries  are  interpreted  within  the  lim-
itations  of  the  context  in  which  they  are  performed,  and  test  developers  consider  other
methods  with which  personality  may  be  assessed  within  the  shelter  environment.
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1. Introduction

Behavioural tests for domestic dogs are broadly applied
in the modern fields of companion dog welfare, assistance
and guide dog programmes, pet dog breeding programmes
and by modern sports dog clubs. The general aim of these
tests is to record the responses of dogs to a variety of
stimuli, as test behaviour is thought to provide reliable
information about personality and behaviour outside of
the test environment. More specifically, working dog tests
such as those carried out by guide, service, military and
police dog programmes, attempt to assess an individual’s
aptitude for work-related tasks, and to enable selection of
the ‘most fit-for-purpose’ dogs for breeding or training pur-
poses. Alternatively, tests used by welfare shelters and to a
lesser extent by pet dog breeders and enthusiasts, have two
broad functions. Firstly, they are a form of risk assessment
designed to limit the possibility of rehoming potentially
aggressive dogs back into the community (Bennett et al.,
2012). Secondly, they attempt to assess canine personality
to enable accurate matching of new pet behaviour to owner
expectations (Marston and Bennett, 2003). Although these
tests are popular within the welfare community, and
indeed are firmly embraced, the validity and reliability of
behavioural tests used by shelters have been repeatedly
questioned by both the scientific community (Taylor
and Mills, 2006; Mornement et al., 2009) and the public
(Robertson, 2004; Bartholomew, 2012). Primary criticisms
of current test protocols include the poor consensus on
how tests should be constructed, administered and inter-
preted, a lack of experience and formal education for some
test users and developers, and a lack of robust assessment
of the validity and reliability of tests before they are used
(Taylor and Mills, 2006; Bräm et al., 2008; Mornement
et al., 2010). In an online survey of the Australian public,
Mornement et al. (2012) found that while two  thirds of
respondents agreed or strongly agreed that shelters are

there is some recognition by interested members of the
public that shelters may  currently be unable to identify
and treat all behaviour problems in dogs that they adopt
out. Within the sector, well-justified criticisms of test
procedures have eroded trust in the results of behavioural
tests (Segurson, 2007; National Canine Research Council,
2013), leading to confusion and conflict (Robertson, 2004),
particularly as death is a common consequence for dogs
that fail in-shelter tests (Marston et al., 2004; Clark et al.,
2012; National Canine Research Council, 2013).

In order to understand the heavy reliance on
behavioural tests by many bodies involved with dogs,
it is important to appreciate the history of such tests.
Behavioural tests were historically performed by breed
clubs and working dog interest groups alongside real-
world performance and health indicators, as tools for
selection of working and breeding animals; one such
example is described by Wilsson and Sundgren (1997).
They typically entailed ‘mock’ situations similar to those
that the dogs were likely to encounter while working,
such as herding or retrieving trials, and specific games
developed to assess working ability or work ethic, such
as Schutzhund (Ruefenacht et al., 2002; Lindberg et al.,
2004; Courreau and Langlois, 2005). Importantly, due to
the significant overlap between the situational variables
of the test and those encountered in real-world scenarios,
these tests were assumed to accurately reflect the inherent
working ability of the assessed dogs even though formal
validity and reliability evaluations of the tests are rare.

Similarly to early working dog tests, modern
behavioural tests, in particular those carried out in
welfare shelters, also frequently suffer from a lack of
standardisation and formal assessment (Taylor and Mills,
2006; Mornement et al., 2009). However, unlike traditional
working dog tests, modern shelter-based behaviour tests
typically involve situations quite different from those
one would expect a pet dog to encounter outside of the
trustworthy and sell good-quality adult dogs, approxi-
mately one third thought that adult shelter dogs have
behavioural problems and a further 38.5% neither agreed
nor disagreed with the same statement. This indicates that
shelter environment. These behaviour assessments usually
involve various subtests conducted in a novel space, by
a tester that is unfamiliar to the dog (Mornement et al.,
2010; Dowling-Guyer et al., 2011; Bennett et al., 2012),
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ithin the shelter environment which is known to be both
ighly stressful for dogs (Sales et al., 1997; Tuber et al.,
999) and to affect the way they interact with unknown
umans (Barrera et al., 2010). As discussed by Gosling
2008) and Stamps and Groothuis (2010) and reviewed at
ength by Uher (2011a), personality assessment requires
cross-context reaction norm assessment as well as meas-
res of temporal consistency, making delineation between
he effects of personality, learning and motivation on the
ehavioural responses examined impossible in a one-time
ssessment performed in a single-context environment.

In a review of the literature, Taylor and Mills (2006)
ound that very few documented tests were described
n enough detail to allow accurate replication and none
ad been shown to reliable, accurate and valid, a finding
eplicated by Mornement several years later (2009, 2010).

ith a small but growing number of notable exceptions,
uch as Valsecchi et al. (2009, 2011), Sinn et al. (2010),
arnard et al. (2012), Riemer et al. (2014) and Arvelius
t al. (2014), it is still the case that relatively few inves-
igators report the predictive and/or concurrent validity
f published protocols, or address the shortcomings of
ingle-context tests for the assessment of personality when
iscussing the limitations of a suggested protocol. This

ack of assessment limits the usefulness of these tests for
pplied purposes as the accuracy and reliability of the pro-
ocols is unknown. As highlighted by Gosling (2008) and
iscussed by Uher (2011b), in order to properly design and
valuate a behavioural test capable of assessing person-
lity, one must first have a sound understanding of the
roader field of personality testing in humans and other
on-human animals, in order to develop a sound under-
tanding of the limitations of current tests for dogs.

This review will examine inconsistencies in the ter-
inology used to discuss personality, which appear to

ignificantly contribute to confusions surrounding the field
f non-human animal personality research. The three most
ommon personality models that have been applied to non-
uman animals, in particularly dogs, will be considered and
everal important key considerations for test developers
nd users will be discussed. Based on these considerations,
imitations of current canine behavioural tests, specifically
hose used by welfare shelters, will be reviewed and pos-
ible areas of further research suggested.

. Inconsistencies in terminology

Psychologists conceptualise behaviour as an expression
f the interaction between motivations, innate patterns of
ehaviour, physiology, learning based on previous expe-
ience and circumstantial or contextual factors (Murray,
938). As such, psychologists have long recognised that
he behaviour of an individual in one context is not sep-
rate to, or isolated from, its behaviour in other contexts.
ore recently, this concept is increasingly being recog-

ised as an important consideration by biologists in the
tudy of population ecology and evolution, as traditional

odels that focus on behavioural variation within a sin-

le context, such as the optimality model, consistently fail
o account for all behavioural patterns observed in wild
opulations (Bell, 2007; Wolf and Weissing, 2012). This
viour Science 163 (2015) 1–18 3

increasingly wide interest in animal personality research
has resulted in a large body of related work conducted by
researchers from widely diverse backgrounds. It is perhaps
due to this wide variation in approaches that terms which
previously had an accepted meaning in the field of human
psychology have been redefined by so many researchers,
that authors are now required to define their personal
understanding of key terms prior to use to avoid misun-
derstandings (Sih et al., 2004a; Freeman and Gosling, 2010;
Toms et al., 2010). It is not surprising, therefore, that a
common complaint of researchers attempting to compare
personality studies across species and disciplines, is that
efforts to directly assess the relationship between person-
ality traits and methodologies across studies are hampered
significantly by inconsistencies in terminology and unclear
methodological descriptions (Sih et al., 2004b; Jones and
Gosling, 2005; Freeman and Gosling, 2010; Toms et al.,
2010). The following section will examine the use of several
key terms in the personality literature.

2.1. Personality, temperament and trait

Across the non-human animal personality literature,
‘personality’ and ‘temperament’ are often used inter-
changeably, despite having clear and separate historical
definitions in human psychology. ‘Temperament’ describes
the stable, inherent and early appearing behavioural ten-
dencies of an individual, while ‘personality’ describes
the measureable result of temperament and environment
interactions (Rothbart et al., 2000). Thus, one is only able
to identify the contribution of temperament to personal-
ity measures by determining the heritability of temporally
consistent traits. It is interesting to note the widespread
and incorrect use of the word ‘temperament’ to describe
personality by many involved with canine behavioural
assessment (Taylor and Mills, 2006; Valsecchi et al., 2009;
Mornement et al., 2010; Barnard et al., 2012). While the
terms are commonly used interchangeably, an understand-
ing of the difference between behaviour, temperament and
personality is necessary before one can fully grasp the
requirements for tests to obtain information about each,
and as such, it seems logical for the traditional usage of
these terms to be embraced during discussions between
those interested in the applied assessment of canine per-
sonality, as all three types of tests are utilised within the
field.

Probably of greater consequence than the poor use of
‘temperament’ and ‘personality’, is the varied use of the
term ‘trait’ when referencing behaviour. In human psycho-
logical research, the word trait refers to a dimension or axis
upon which consistent individual behavioural differences
are identified and maintained within a population (Itoh,
2002). Traits influence the expression of behaviour across
different contexts and remain relatively stable over time,
distinguishing them from species-specific and context-
specific behaviours, such as nest-building methods or
mating rituals (Toms et al., 2010). Furthermore, motives,

described as the desires or drives that compel an indi-
vidual to exhibit goal-oriented behaviour (Winter et al.,
1998), influence the expression of personality traits. For
example, the trait of fearfulness (i.e. a general tendency to
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behave fearfully across a variety of situations) can be dis-
tinguished from a fear of spiders (i.e. the strong desire to be
physically distant from spiders based on anxiety caused by
close proximity) by simply exposing an individual to a vari-
ety of potentially fear-eliciting stimuli and assessing their
response. A fearful or anxious person may  or may  not be
afraid of spiders, but in isolation, his behaviour in response
to the presentation of a spider gives, at best, limited infor-
mation about his fearful tendencies.

In contrast to the psychological definition, biologists
define trait more generally as any phenotypic characteris-
tic of a population that shows consistent variation along
an axis, including morphological characteristics such as
weight and life history characteristics such as infant mor-
tality (Réale et al., 2007). Others define trait more narrowly,
proposing that any temporally consistent behavioural vari-
ation displayed within a population in a single context
should be considered a trait (Sih et al., 2004b). It appears
that at least some of this variation in understanding of
the term stems from differences in the way ‘context’ is
defined by different researchers. Behavioural and popula-
tion ecologists generally define ‘context’ by the apparent
function of the behaviour exhibited; for example, all preda-
tor avoidance behaviours fall into one context regardless
of other factors (Sih et al., 2004b; Bell, 2007). In contrast,
other researchers hold the more traditional psychological
view that ‘context’ consists of all external and internal vari-
ables which affect the expression of behaviour (Stamps and
Groothuis, 2010). This inconsistent use of the terms ‘trait’
and ‘context’ inevitably leads to confusion over the defini-
tion of ‘behavioural syndromes’ and highlights the need for
close attention to be paid to study design and behavioural
scoring methods when evaluating the applicability of pre-
vious work.

2.2. Behavioural syndromes

Studies assessing behavioural variation across large
subsets of animal populations have indicated that cer-
tain traits, including propensity for overt and aggressive
responses to threats, social and non-social fearfulness, risk
aversion and sociability, tend to co-vary in a somewhat
predictable manner (Wilson et al., 1994; Koolhaas et al.,
2010). These co-variations in the expression of multiple
traits have been termed ‘behavioural syndromes’ by non-
human animal researchers (Sih et al., 2004b). This term is
now widely used by ecologists, although some variation in
the precise definition still exists. As previously discussed,
this inconsistency appears to stem from variation in the
definitions of trait and context. Some authors consider con-
sistent co-variation of behaviours across several contexts to
be indicative of a behavioural syndrome and understand a
behavioural syndrome to be synonymous to a single per-
sonality trait (Sih et al., 2004b; Bell, 2007; Dochtermann
and Jenkins, 2007; Gosling, 2008). Others, in keeping with
traditional definitions of trait and personality from psy-
chology, define behavioural syndromes as co-variations of

a sub-set of personality traits, each of which are individu-
ally consistent across contexts and therefore only descrip-
tive of one portion of personality (Dalley and Roiser, 2012).
This definition equates behavioural syndromes with whole
viour Science 163 (2015) 1–18

personality descriptions, or so-called ‘super traits’. Further-
more, as noted by Beckmann and Biro (2013), an increasing
trend towards using single-context tests as proxy measures
of behavioural syndromes has emerged, limiting the extent
to which studies can be compared even further.

2.3. Shyness and the shy–bold continuum

In human psychological research, the narrow-order trait
of shyness has been described as the exhibition of fearful
or tense behaviour, along with increased hypothalamic-
pituitary-adrenal (HPA) axis activity in response to novel
social situations (Cheek and Buss, 1981), or those where
an individual feels judged in some way by conspecifics
(Crazier, 1979). While shyness may  or may  not be coupled
with low sociability (Bruch et al., 1989; Coplan et al., 2004),
it is linked to but distinct from the broader personality traits
of introversion and neuroticism (Crazier, 1979; Ebeling-
Witte et al., 2007). Early investigations into the consistency
and stability of responses to social and non-social nov-
elty in infants and children, suggested that babies that
present as extremely shy are temperamentally inhibited
and tend to remain so through until at least their 7th year
(Kagan et al., 1988; Kagan and Snidman, 1990). Later work
by the same authors indicated that while motor arousal
and fear reactivity measures showed some co-variation,
they were distinct responses indicating that activity level
was  not always indicative of stress intensity in this sam-
ple group (Kagan, 1997). Based on the lack of correlation
between motor activity, physiological response and vocal-
isations observed in these studies, along with the patterns
of variation observed in these three variables, Kagan and
colleagues (1997) proposed that high and low fear-reactive
individuals fall into two distinct groups, rather than rep-
resenting the extreme ends of a behavioural spectrum. In
a later study utilising the same sample group, Schwartz
et al. (2003) showed that individuals categorised as highly
fearful of novel stimuli as infants, termed ‘shy’, displayed
greater amygdala responses to the presentation of novel
stimuli as adults, indicating a biological basis for neopho-
bic responses and aversion to risk that remained consistent
despite significant development and learning.

The inhibited-uninhibited categorisation of human
infants developed by Kagan and colleagues has been
proposed by several authors as the basis of the shy–bold
continuum in non-human animals (Coleman and Wilson,
1998; Svartberg and Forkman, 2002; De Meester et al.,
2008). In these cases, ‘shyness’ is often simply defined
as the fearful extreme of the shy–bold continuum, a
‘super-trait’ which is thought to control variation in other
personality dimensions such as sociability and playfulness
(Svartberg and Forkman, 2002). As such, ‘shyness’ is often
not clearly defined as much of the shy–bold literature
focuses specifically on behavioural measures of boldness.
However, in studies of boldness in dogs it is common
for overt fear behaviours such as fleeing to be used as
an indicator for shyness (Svartberg, 2002; Starling et al.,

2013). Contrary to other non-human animal researchers,
Koolhaas et al. (2010) used the term ‘shy’ to describe
individuals that display high stress responsiveness and
a passive behavioural reaction to stress, making little
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eference to sociability outside of competitive interactions
nd non-threat-related motivations.

While the general definition of boldness has been
idely accepted as describing an individual with little aver-

ion to risk or novelty, who actively seeks out and engages
n social interactions and expresses aggression during com-
etitive encounters (Wilson et al., 1994; Svartberg, 2005;
urcsán et al., 2011; Carter and Feeney, 2012; Starling et al.,
013c; McDermott et al., 2014), the methodology used to
ssess boldness varies widely between studies. Researchers
ave often utilised single-context, one-time responses that
hey consider to be reliable indicators of a bold pheno-
ype, such as reaction to novelty (Drent et al., 2003; Carere
nd van Oers, 2004; Frost et al., 2007), competitive aggres-
ion towards conspecifics (Natoli et al., 2005) or response
o predators (Dochtermann and Jenkins, 2007; Biro et al.,
010). These single-context, one-time tests for boldness

end themselves to criticism, as common single-context
ests for boldness often fail to show predictive validity for
ther measures of boldness (Coleman and Wilson, 1998;
eckmann and Biro, 2013; White et al., 2013; reviewed
y Carter et al., 2013), leading some authors to suggested
hat common methods for assessing ‘boldness’ are not valid
Réale et al., 2007; Toms et al., 2010; Beckmann and Biro,
013), and may  in fact be measuring different traits (Carter
t al., 2013). A further source of variability between studies
ppears to be a poor consensus on the role of novelty in the
ssessment of the boldness. While some authors consider
eophobia an integral component of shy–bold assessments
Toms et al., 2010), others consider the fear of novelty as a
istinct motivation and therefore separate to the boldness
easures (Beckmann and Biro, 2013).

. Prevalent personality models for non-human
nimals

Possibly due to methodological limitations when work-
ng with large numbers of animals in novel environments,
he most commonly studied personality dimensions in
on-human animals are those associated with the stress
esponse. These include all ‘coping behaviours’, being those
ehaviours aimed at reducing the aversive impact of poten-
ially fitness-threatening situations or stimuli (Wechsler,
995). Stress-related behavioural syndromes are evident in

 large number of species from different taxa, including fish
Toms et al., 2010), birds (Carere and van Oers, 2004), cats
Lowe and Bradshaw, 2001), dogs (Svartberg and Forkman,
002), and several species of rodents (Benus et al., 1991;
ochtermann and Jenkins, 2007). Given the wide variety
f species in which stress-related behavioural syndromes
ave been recognised, it has been suggested that the under-

ying mechanism of behavioural control governing the
tress response has been highly preserved throughout evo-
ution (Gosling and John, 1999; Sih et al., 2004a; Koolhaas
t al., 2010).

While loosely describing similar patterns, different
esearchers have used a variety of terminologies to describe

oping-related behavioural syndromes, including ‘coping
tyles’ (Koolhaas et al., 1999), the ‘shy–bold continuum’
Svartberg, 2002; Carere and van Oers, 2004), or more
roadly as just ‘behavioural syndromes’ (Sih et al., 2004a,
viour Science 163 (2015) 1–18 5

2004b). Despite a significant degree of similarity in the pat-
terns described by each author, the terminology and testing
methodologies used vary widely between studies. While
authors often refer to the results of previous work as either
supporting or contradicting their findings, it is uncommon
to find objective discussions of the parallels and deviations
between models.

In contrast to the behavioural test approach to assessing
animal personality, a smaller number of non-human
animal researchers have embraced questionnaire-based
assessments reliant on subjective ratings or behavioural
descriptions by people familiar with the dog/s being
assessed. The most common of these is the Five-Factor
Model (FFM), developed by psychologists to describe
human personality. While the broad applicability and
all-inclusiveness of these models are attractive to those
interested in canine personality for applied purposes,
the stress-inducing nature and novelty inherent to many
testing situations limits the suitability of this model for
information obtained by typical battery-style tests. How-
ever, valid and reliable canine personality questionnaires
are valuable tools for assessing concurrent validity dur-
ing behavioural test design, and as such, are an important
consideration for applied behavioural assessments.

The following section will examine the three most
common personality models embraced by animal per-
sonality researchers: the coping style-emotionality model,
the shy–bold continuum and questionnaire-based models
(Table 1).

3.1. Coping strategies

There has been comparatively little work carried out
in dogs based on the model of coping strategies pro-
posed by Koolhaas et al. (2007, 2010), which describes
both behavioural coping style and physiological reactiv-
ity to stressful stimuli. However, if this model holds true
for domestic canines, work carried out on other species
provides a wealth of useful information that is applica-
ble for both pet owners and working dog handlers alike.
Early work examining the stress response of laboratory
rodents indicated the presence of a personality dimen-
sion along which individual ‘default’ activity level and
behavioural response to stressful situations varied, called
the coping style axis (Benus et al., 1991). A large body of
work in small mammals and birds has stemmed from these
early characterisations, providing descriptions of the typi-
cal behavioural profiles of individuals at the extreme ends
of this spectrum.

Proactive individuals are generally described as
behaviourally inflexible and socially competitive. They
easily form habits and respond actively when faced with
social or environmental challenges, showing high levels of
offensive aggression in social conflicts (Sgoifo et al., 1996;
de Boer and Koolhaas, 2005; Natoli et al., 2005; Horváth
et al., 2007), high levels of active avoidance and escape

behaviours when confronted with environmental stressors
(Benus et al., 1989, 1990; de Boer and Koolhaas, 2005;
Koolhaas et al., 2007) and shorter latencies to explore
novel environments or stimuli, with longer adaptation
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Table 1
Summary of three common models of non-human animal personality applicable to domestic dogs.

Model Scope Assessment method Current or potential
application

Strengths Limitations

Coping strategies Responses to aversive
stimuli, novelty and
social threat

Behavioural and
physiological tests

• Response to stress and
novelty in unknown dogs (e.g.
those in welfare shelters)
• Coping response in working
or pet dogs

• Separates intensity of stress
response from quality of
behavioural response
• Robust testing mechanism
• Large body of existing
knowledge developed across a
range of species, including
physiology of traits

• Very little information specific to domestic
dogs
• Limited coverage of traits that influence
coping strategy, e.g. vocalisations known to
vary separately

Shy–bold continuum Risk aversion,
neophobia, sociability
and human-directed
playfulness

Behavioural tests and
owner questionnaires

• Screen for potential in
candidate working dogs
• Breed- or population-wide
behaviour studies

• Existing body of work on
domestic dogs
• Uses both behavioural tests
and owner questionnaires
• Traits covered are directly
relevant for working dog
selection
•  Broader body of work using
other species may also be
relevant to dogs

• No clear consensus on the role of novelty and
neophobia in model
•  Some existing work is generalised from
single-context tests, so has limited
applicability more widely
• Canine-specific behavioural tests score stress
intensity based on behavioural response; has
limitations for passively responding
individuals
•  Behaviour scoring systems using behavioural
measures of stress response may  fail to
identify passively responding individuals

Questionnaire-based models Entire suite of
externally observable
traits

Owner questionnaires • Validation tool for
behaviour-based personality
tests
• Breed or population wide
behaviour studies

• Extremely broad scope
• Covers long-term trends in
behaviour, rather than
one-time tests
• Large existing body of work
specific to domestic dogs

• No clear consensus on personality structure
or number of traits
•  Lexical models not validated for use in dogs
• Inconsistency of language use presents
methodological limitations
• Questionnaire scoring systems using
behavioural measures of stress response may
fail to identify passively responding individuals
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imes in the presence of environmental changes (Benus
t al., 1987; Sluyter et al., 1996; Bolhuis et al., 2004).

In contrast to the active and impulsive behaviour of
roactive responders, reactive individuals show a more
ightly coupled stimulus-response pattern of behaviour
hat resists habit formation (Benus et al., 1987; Bolhuis
t al., 2004); they display little aggression during social con-
icts (Sgoifo et al., 1996; de Boer and Koolhaas, 2005; Natoli
t al., 2005), exhibit inhibited and avoidance behaviours
n response to environmental stressors (Benus et al.,
989, 1990; de Boer and Koolhaas, 2005; Koolhaas et al.,
007) and take longer to explore novel environments with
uicker adaptation to environmental change than their
roactive conspecifics (Benus et al., 1987; Sluyter et al.,
996; Drent et al., 2003).

While the majority of previous studies have focused on
he coping style axis and have treated the proactive and
eactive groups as homogeneous, work in calves has shown
ignificant within-group variation in activity of the HPA
xis, indicating differences in the stress reactivity of indi-
iduals who exhibit similar behavioural styles (Van Reenen
t al., 2004, 2005). This dimension, later called the emotion-
lity axis by Koolhaas et al. (2007), describes an individual’s
roneness to anxiety and is somewhat analogous to the
oncept of trait anxiety (Bar-Haim et al., 2007). Based on
he total body of work examining coping strategies of dif-
erent species, Koolhaas et al. (2007) proposed a revised,
wo-dimensional model of coping responses, in which cop-
ng behaviour patterns and physiological stress reactivity
re two independent traits. This revised model shows a
umber of parallels to the motor arousal and fear reac-
ivity model in human infants, proposed by Kagan (1997).
mportantly, this model for coping strategies does not
ccount for individual differences in intelligence, learning
r motivations and as such does not describe all personal-
ty dimensions that could influence an individual’s coping
esponse (Van Reenen et al., 2004; Koolhaas et al., 2007).
nterestingly, both Kagan (1997) working with human
nfants and Van Reenen et al. (2004) working with dairy
alves, found that the degree of vocalisation displayed dur-
ng the stress response was not reflective of either the

otor response or the fear response, indicating that a sep-
rate dimension related to verbalisations may  be present.

The four personality descriptions emerging from the
wo dimensional model of coping strategies described by
oolhaas et al. (2007) represent the four ‘extreme’ mani-

estations of interactions of the two axes. ‘Docile’ or ‘calm’
ndividuals exhibit a low stress reactivity and passive
ehavioural coping style; ‘shy’ individuals are stress-prone
ith a passive coping style; individuals described as ‘pan-

cky’ are highly stress-prone with an active coping style;
nd those labelled ‘bold’ are active responders with a
igh stress tolerance (Koolhaas et al., 2010). Similar to
éale et al. (2007) and Sih et al. (2004b) and in line with
tandard psychological protocol for personality assess-
ent, Koolhaas et al. (2010) advised that in order to

dentify the default behavioural type of an individual,

ssessments must be conducted using a variety of threaten-
ng stimuli or situations, each of which allows both passive
nd active responses to be equally successful in reducing
he perceived threat. Koolhaas et al. (2010) also reiterate
viour Science 163 (2015) 1–18 7

that the quality of coping responses varies between indi-
viduals and is therefore not a reliable measure of stress
intensity, resulting in the need for both behavioural assess-
ment and physiological measures of arousal for any reliable
characterisation of default coping strategy to be made.

In a study carried out by Horváth et al. (2007), the cop-
ing responses of working police dogs to social stress were
measured using a test battery. Three typical response pat-
terns were identified and described as ‘fearful’, ‘aggressive’
and ‘ambivalent’. Patterns were characterised by varying
levels of avoidance and aggressive behaviour, coupled with
varying degrees of active handler-greeting behaviours. The
group labelled ‘fearful’ displayed avoidance behaviours,
including moving away from the threatening decoy and
backing up, along with a moderate level of aggressive
behaviour and a small but statistically significant rise in
salivary cortisol concentration during the test. In contrast,
the aggressive group showed active approach behaviours
with little HPA activation and the third ‘ambivalent’ group
displayed passive behaviours such as paw lifting, snout
licking and averting gaze when in close proximity to
the decoy, along with the largest mean cortisol increase.
The authors concluded that the responses observed were
indicative of the proactive (aggressive group) and reactive
(fearful group) coping styles identified by Svartberg (2002),
with a third group of ‘ambivalent’ dogs which had not pre-
viously been described.

The unusually high level of aggression seen in the fearful
group and the offensive behaviour noted in the ambivalent
group while at a distance from the decoy could indicate a
limitation in test design. This protocol required the dogs
to be tethered on a relatively short chain and approached
closely while being physically threatened (Horváth et al.,
2007). As discussed by Koolhaas et al. (2007), tests to deter-
mine default coping style must allow for the successful
expression of all possible coping behaviours. As this was not
the case in this study, the test design may  have resulted in
a bias towards aggressive responses, regardless of default
coping style, as both flight and passive responses were
restricted. Also, given that only fully operational police
dogs with a known history of low flight responses to threat-
ening situations were used, there is a possibility that the
sample included both non-fearful dogs of unknown cop-
ing style and fearful, but passively coping dogs. The third
group described by Horváth et al. (2007) displayed active
behaviours while at a distance from the threatening decoy,
along with passive behaviours when approached closely.
Given the sample selection criteria, it is possible that this
group includes highly stressed but passively coping dogs
that would be described as ‘shy’ by Koolhaas et al. (2007).
This, combined with the design limitations of the test could
explain the high level of stress reactivity in the ‘ambivalent’
group, compared to both of the more proactively respon-
ding groups. Due to the design limitations of the work,
any comparisons of the results to either the coping style
or shy–bold models are speculative at best.
3.2. Shy–bold continuum

Of the most prevalent personality models applied to ani-
mals, the shy–bold model has received the most attention
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from canine researchers. In relation to dogs, the shy–bold
dimension describes a behavioural syndrome in which low
levels of neophobia and low risk aversion co-occur with
high levels of playfulness and sociability directed towards
strangers (Svartberg, 2002; Svartberg and Forkman, 2002).
The majority of shy–bold work carried out in dogs is based
on results of the Swedish Dog Mentality Assessment (DMA),
a test battery designed by the Swedish Working Dog Asso-
ciation to describe temperament in working dogs, as an aid
in the selection of dogs for breeding, service or working
roles (Svenska Brukshundklubben, 2012).

Like similar tests, the DMA  scores easily observable,
gross behaviours thought to be indicative of personality
such as startle responses, flight and aggression. Early work
based on analysis of 15,329 DMA  results for dogs from
165 breeds, described five narrow-order factors including
playfulness, fearlessness, chase-proneness, sociability and
aggressiveness and one overarching or broad characteris-
tic that positively correlated with playfulness, sociability
and chase-proneness, interpreted as a measure of the
shy–bold continuum (Svartberg and Forkman, 2002). A
follow-up study in which these factors were compared
to owner reports of behaviour gathered 1–2 years after
DMA tests were performed, indicated that the traits play-
fulness, fearlessness and sociability reflected degrees of
human-directed play interest, non-social fear and stranger-
directed fear and were therefore both valid and temporally
stable over a period of 1–2 years (Svartberg, 2005). Using
a similar questionnaire, Starling et al. (2013b) found that
increasing age and neutering decreased boldness measures
and that male dogs were typically more bold than female
dogs. Svartberg (2006) observed that trait scores for play-
fulness, fearlessness, sociability and aggression differed
significantly between breeds, but reflected modern selec-
tive pressures rather than historical breed functions. To the
contrary, using an expanded questionnaire similar to that
used by Svartberg (2005), Starling et al. (2013c) found that
boldness measures were related to historic breed groups
and suggestive of retained personality differences based on
breed function, despite modern selective pressures. As dis-
cussed by Starling et al. (2013c), this discrepancy perhaps
reflects a difference in the sample group as the second study
included a larger variety of breed groups and demographic
variables.

In a separate study, Svartberg et al. (2005) investigated
the test–retest reliability of the six factors identified by
Svartberg and Forkman (2002). Whilst test–retest reliabil-
ity assessment of the measures is the primary aim of repeat
testing, Réale et al. (2007) and Stamps and Groothuis (2010)
also suggest this ‘reaction norm’ style test design as a robust
mechanism for disentangling the effects of novelty and
exploration from boldness measures. This study involved
initial testing of 81 dogs and two repeat tests at monthly
intervals for the seven highest- and lowest-ranked dogs
from each factor, using a novel test area for each round. It
also appears that while the handlers remained consistent,
more than one ‘test leader’ was used during repeat tests. All

factors demonstrated high rank-order consistency across
tests, indicating temporal stability of the traits. However,
mean factor scores for curiosity/fearlessness and aggres-
siveness differed significantly between original and repeat
viour Science 163 (2015) 1–18

tests. This effect was presumed to be due to a lack of nov-
elty on repeat exposure to the test decreasing the degree of
fearfulness and fear-related aggression in neophobic dogs
(Svartberg et al., 2005). Based on these results, Svartberg
et al. (2005) suggested that the fearlessness and aggression
factors were sensitive to novelty measures, while playful-
ness, chase-proneness and sociability were not. These find-
ings are in contrast with the results of Svartberg (2005) dis-
cussed earlier, which indicated that questionnaire-based
assessments of stranger-directed aggression, stranger-
directed fear and non-social fear were reflected in the DMA
test measures ‘playfulness’, ‘chase-proneness’ and ‘socia-
bility’, thus indicating that these measures are sensitive
to both social and non-social novelty. The use of a novel
area and different test leaders in repeat tests during the
test–retest reliability work could explain this discrepancy,
as these differences may  have been significant enough to
influence behaviours reflecting a positive affective state in
neophobic individuals (such as ‘playfulness’), negating the
benefits of reaction-norm testing for these measures.

Notably, the suppressive effect of social fear or neo-
phobia on behavioural responses governed by positive
motivations, such as play or social motivation, is gener-
ally poorly examined during discussions of the boldness
dimension in dogs. In animals it is generally accepted that
negative affective states such as fear inhibit the expres-
sion of positive affective states (reviewed by Boissy et al.,
2007). Similarly, previous work in people has indicated
that social fear (termed ‘shyness’) and social motivation
(termed ‘sociability’ or ‘sociality’) are related but inde-
pendent traits in humans (Cheek and Buss, 1981), with
shyness moderating the expression of sociability such that
individual differences in sociability are impossible to mea-
sure in situations which elicit a shy response (Bruch et al.,
1989; Coplan et al., 2004). As such, the expression of play
behaviours by socially motivated dogs, that are also sensi-
tive to social novelty, is unlikely in a typical behaviour test
battery such as the Swedish DMA. As such, further work
is required to determine whether boldness measures in
dogs govern variation in traits reflecting play and socia-
ble behaviours, or whether this is simply an artefact of test
design.

3.3. The Five-Factor Model and other
questionnaire-based models

The Five-Factor Model (FFM) or Big Five of personality
is the most broadly accepted and widely supported model
of personality in the field of human trait psychology.
The FFM explains personality as an interaction of the
traits ‘extraversion’, ‘agreeableness’, ‘conscientiousness’,
‘neuroticism’, and ‘openness to experience’ (McCrae and
John, 1992). It has remained popular despite repeated
criticism (McCrae and John, 1992) and has shown validity
across a wide variety of populations (McCrae et al., 1998),
ages (Soto et al., 2011), languages (McCrae and John,
1992) and methods of analyses (Goldberg, 1990; Oh

et al., 2011). It is therefore not surprising that a number
of canine researchers have attempted to examine how
canine personality measures align with human FFM traits.
Using a variety of methods, researchers have proposed
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hree- (Draper, 1995), four- (Gosling et al., 2003), five- (Ley
t al., 2008), six- (Fratkin et al., 2013) and seven-factor
odels (Jones and Gosling, 2005) for canine personality

tructure. Like human psychologists, these researchers
ave primarily focused on lexical (Ley et al., 2008; Mirkó
t al., 2012) or questionnaire-based designs (Gosling et al.,
003; Kubinyi et al., 2009), or a mixture of both (Draper,
995). However, with the exception of extraversion and
euroticism, the traits identified by canine studies are typ-

cally not directly analogous to each other or to the human
FM traits (Fratkin et al., 2013). This lack of consistency
ppears to stem from two causes. Firstly, as discussed
y Ley and Bennett (2007), a number of authors have
ttempted to describe canine personality using modified
uman FFM questionnaires, under the assumption that
FM traits exist in dogs and are expressed in the same
ay by both species. To date, this assumption has not

een validated. Secondly, human studies embracing the
exical approach have done so based on the assumptions
hat common language descriptors for behavioural traits
ncode real personality constructs (Uher et al., 2013),
nd that lay-person descriptions of human personality
raits are universally recognised and used consistently
cross varying cultures and languages (McCrae and John,
992). Due to inevitable methodological limitations when
sing common language as the basis for all measurement
ethods, the assumption that lexical analysis can identify

he true nature of personality has received scrutiny (Uher
t al., 2013; Uher, 2014). Furthermore, while it appears
hat common language descriptors are used consistently in
umans (McCrae et al., 1998; Oh et al., 2011), studies of the
bility of lay people, dog owners and experienced canine
rofessionals to recognise, interpret and describe dog
ehaviour indicate that canine personality and behaviour
escriptions are not consistently used or defined. Inconsis-
encies in use of terminology have been shown in cohorts
f lay people describing the emotional or motivational
tate of dogs (Fidler et al., 1996; Bahlig-Pieren and Turner,
999), as well as both lay and experienced people using
eneric adjectives for personality such as ‘friendly’ (Early
t al., 2014; Tami and Gallagher, 2009). As demonstrated
y Fratkin et al. (2014), people with varying levels of
xperience can accurately rate canine behavioural traits
ith appropriate pre-training. However, as demonstrated

y Mariti et al. (2012) and Valsecchi et al. (2011), and in
greement with Fratkin et al. (2014), this appears to be less
eliable for subtle behaviours that are not easily observed,
nd for abstract concepts like ‘focus’.

A less common method of examining personality traits
n dogs is via meta-analysis of the canine personal-
ty literature. Jones and Gosling (2005) compared the

ethodologies and trait descriptions of 51 existing canine
ersonality studies, finding seven broadly analogous traits
hat appeared repeatedly across a number of studies, along
ith a number of narrow traits which were often specific

o one study. The resulting trait categories included ‘reac-
ivity’, ‘fearfulness’, ‘activity’, ‘sociability’, ‘responsiveness

o training’, ‘submissiveness’, ‘aggression’ and ‘other’. Jones
nd Gosling (2005) noted that the extreme variety of sub-
ects and methods, as well as the inconsistency in language
sed to score behaviours and the way in which different
viour Science 163 (2015) 1–18 9

authors described traits, made between-study compar-
isons of personality traits extremely difficult and often
impossible. This, along with a lack of objective behavioural
descriptions provided in the original studies, limits the
usefulness of the trait categories developed by Jones and
Gosling (2005) for direct comparisons with human FFM
traits, but provides a framework on which further work
investigating broad personality traits in dogs can build.

More recently, Fratkin et al. (2013) used meta-analysis
of 31 studies to assess the temporal consistency of the
traits identified by Jones and Gosling (2005). Fratkin
et al. (2013) encountered similar difficulties in classifying
previously identified traits based on poor or incom-
plete behavioural descriptions and subjective factor labels.
They subsequently combined the ‘reactivity’ and ‘fearful-
ness’ categories and omitted the ‘other’ category, along
with any traits that appeared to fit into more than one
category, retaining the traits ‘fearfulness’, ‘activity’, ‘socia-
bility’, ‘responsiveness to training’, ‘submissiveness’ and
‘aggression’. Their findings concur with human literature
showing that personality becomes more consistent with
age (Roberts and DelVecchio, 2000) and that temporal
stability decreases with increasing between-test inter-
vals (Stamps and Groothuis, 2010). Fratkin et al. (2013)
suggested that these findings indicate that personality
dimensions are less stable in dogs than other species; how-
ever, neither they nor Jones and Gosling (2005) provided
evidence for the content and concurrent validity of the
personality categories used, so the results could just as
easily indicate that these categorisations were not fully
reflective of personality traits. This work highlights the key
issues of inconsistency in the terminology used by canine
personality researchers and lack of detailed, objective
methodological descriptions, which provides a useful start-
ing point for further discussions on the language used to
describe canine personality. Clarification of the behaviours
and testing methods used by researchers to describe canine
personality traits could allow for the development of more
robust canine personality questionnaires, based on con-
sistent behavioural variation observed in domestic dogs
within particular environments. One such ‘bottom-up’,
behaviour-based approach to personality assessment has
been demonstrated in several primate species by Uher and
Asendorpf (2008) and Uher et al. (2013a, 2013b). Such
questionnaires would prove invaluable during behavioural
test design and validation for specific applied purposes, as
well as providing a platform on which to study the struc-
ture of canine personality for theoretical or comparative
purposes.

4. Considerations for assessment of canine
personality using behavioural tests

Researchers studying animal personality are faced with
a new set of challenges above and beyond those faced by
human personality researchers. Information on the inter-
nal state of an individual is difficult or impossible to

obtain as animals are unable to verbally communicate their
motivations, stress levels and affective state, access to an
acceptably large sample of individuals is often limited or
impossible, and facilities and complex testing protocols
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are generally inherently stress-inducing for test animals,
reducing the array of traits that can be studied to only those
involved in the stress response. All of these factors must be
taken into consideration by test developers, so that tests
can be designed to control for as many variables as possible
and those that cannot be controlled for are noted, so that
design limitations are clearly understood and accounted
for during interpretation of results. The following is a dis-
cussion of a number of key concepts that are both relevant
and commonly overlooked by canine personality test deve-
lopers.

4.1. Impulsivity

The concept of impulsivity as being a general lack of self-
control and poor consideration of consequences prior to
action is familiar to most people, but there is little scientific
consensus on the exact nature or definition of impulsivity.
Researchers widely agree that impulsivity is not a distinct
personality trait, but rather a number of different factors
that interact to produce a common suite of behavioural
responses linked to intolerance of delayed rewards, poor
behavioural control in unpredictable situations and a lack
of consideration for the future or for long-term conse-
quences (Eysenck, 1993; Evenden, 1999; Fineberg et al.,
2009). In domestic dogs, a high degree of impulsivity has
been linked to high activity levels, poor attention span
and human-directed aggression (Peremans et al., 2003; Vas
et al., 2007; Wan  et al., 2013), characteristics which are gen-
erally considered undesirable in both pet (Serpell, 1996;
King et al., 2009) and service dogs (Weiss and Greenberg,
1997; Weiss, 2002), and are therefore important to mea-
sure in behavioural and personality tests used to assess the
suitablity of dogs for these roles. However, impulsivity has
received relatively little attention from canine behavioural
test developers and no consensus has been reached as yet
on the best method by which to assess impulsivity in dogs.

In people, factor analysis of multiple self-reports of
impulsivity have indicated that it is likely made up of
four discrete factors, related to traits from the FFM.
According to Whiteside and Lynam (2001), the factors
‘premeditation’ and ‘perseverance’ relate to the FFM trait
‘conscientiousness’, reflecting variation in one’s ability to
consider consequences prior to acting and to remain on task
in distracting circumstances. The factor ‘sensation seek-
ing’ is related to the FFM trait ‘extraversion’ and reflects
a predisposition towards risk taking behaviours. Lastly, the
‘urgency’ factor is related to the FFM trait ‘neuroticism’,
reflecting an inability to control impulses while experienc-
ing a strong negative affective state.

While the four-factor model of impulsivity described
by Whiteside and Lynam (2001) is commonly applied in
people, impulsivity in non-human animals is most often
defined on a very basic level, having only two components,
one cognitive and one motor (Broos et al., 2012). Research
into impulsivity in animals has historically focused on
pharmacological research aimed at obtaining a greater

understanding of the mechanisms underlying impulsivity
in people (Fineberg et al., 2009). As reviewed by Dalley and
Roiser (2012), the general consensus of research in this
field is that the serotonergic and dopaminergic systems are
viour Science 163 (2015) 1–18

intricately related to the expression of both cognitive and
motor impulsivity (as assessed through a variety of tests
thought to reflect each factor), but the exact mechanisms
through which this occurs and how these variations relate
to the four-factor model of impulsivity are still unclear.

Due to the social nature of dogs and the wide variation
in impulsivity observed across breeds, dogs have been sug-
gested as a superior model for the study of the evolution of
impulsivity and inhibition (Vas et al., 2007; Lit et al., 2010).
This has led to an increase in work using dogs to investi-
gate the genetic basis of variation in the serotonergic and
dopaminergic systems (Hejjas et al., 2007; Liinamo et al.,
2007; van den Berg et al., 2008; Kubinyi et al., 2012; Lit
et al., 2013; Wan  et al., 2013), as well as the physiolog-
ical basis of impulsive tendencies (Ç akiroğlu et al., 2007;
Riva et al., 2008; Rosado et al., 2010a, 2010b; Lit et al.,
2013). Recently, however, interest in canine impulsivity
has moved beyond that as a model for human research, into
an appreciation for the role of impulsivity in canine aggres-
sion and welfare (Wright et al., 2011, 2012; Miller et al.,
2012; Riemer et al., 2013). Wright and colleagues (2011)
used an operant-choice, delayed-reinforcement paradigm
and measurement of urinary serotonin and dopamine
metabolites to validate an owner questionnaire to assess
impulsivity in pet dogs, the Dog Impulsivity Assessment
Survey (DIAS). Based on this work, overall impulsivity and
behavioural regulation as assessed by DIAS were found to
negatively correlate with tolerance of delayed rewards, uri-
nary 5-hydroxyindoleacetic acid (5-HIAA):creatinine ratio
and corrected 5-HIAA:homovanillic acid ratio, indicating a
biological basis to a measureable trait reflecting impulse
control in dogs (Wright et al., 2012). DIAS has shown
good test–retest reliability at both 6 weeks (Wright et al.,
2011) and 6 years (Riemer et al., 2013) and impulse
control as measured by the maximum delay to reinforce-
ment achieved by an individual during the operant task
has shown significant test–retest reliability (Riemer et al.,
2013), indicating that the dimensions assessed via these
methods are highly stable over time in pet dogs.

While the relationships between impulsivity and exist-
ing personality models are still very unclear, based on the
current conclusion that impulsivity is a multi-factorial con-
cept which influences the behavioural expression of several
personality traits (Whiteside and Lynam, 2001), impulsi-
vity should perhaps be considered as an innate ‘modifier’
of the expression of temperament rather than a discrete
personality trait. Both DIAS and the tolerance of delayed
rewards task appear to be sound measures of assessing
impulsivity in pet dogs; however, further work is required
to assess their usefulness in a shelter situation.

4.2. Judgement bias and affective state

The assessment of emotion in non-human animals is a
relatively new and highly complex field of research that
generally falls in the domain of the welfare scientist, rather
than the behavioural scientist. However, when consid-

ering the use of behavioural tests to assess personality
traits in dogs chronically exposed to the stressors present
in the shelter environment, it is important to consider
how affective state (how one feels), cognition (how one
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nterprets and assimilates information) and behaviour
how one responds) interact, in order to understand the
otential impact of environment on the validity and reli-
bility of personality tests. Understanding how changes
n affective state influence behaviour is especially impor-
ant when behaviour test and scoring protocols developed
nd validated using owned dogs are subsequently applied
o dogs housed in welfare shelters and pounds, who are
hronically exposed to stressors such as high levels of
oise (Sales et al., 1997), social isolation (Hennessy et al.,
002; Wells, 2004; Coppola et al., 2006), loss of routine
nd repeated exposure to novelty (Tuber et al., 1999).
ositive and negative emotional states most likely affect
ehavioural test results differently based on context (for
xample a ‘pessimistic’ dog may  be less likely to engage
n play under test conditions than an ‘optimistic’ conspe-
ific, but it may  also be less likely to approach or engage

 stimulus perceived as threatening), highlighting a need
o investigate the interaction between affective state and
est results before any specific conclusions are drawn. Fur-
hermore, Burman et al. (2011) found that dogs achieved
elatively slower approach and attempt scores in a judge-
ent bias task, when tested immediately after a rewarding

vent involving food consumption, perhaps indicating a
ore complex relationship between competing motiva-

ions, arousal, satiety and affective state than earlier studies
n other species would suggest.

Despite being a very young field of research, the body
f work investigating the relationship judgement bias and
ffective state in domestic dogs is growing rapidly. Recent
ork in dogs has shown that negative judgement bias,

hought to reflect pessimism, is associated with separation-
elated distress (Mendl et al., 2010) and correlates with

 reduced probability of training success (Starling et al.,
013a) in pet dogs. Starling et al. (2014) suggest that
opulation-level analysis of results of an operant task used
o assess judgement bias in dogs could provide information
n personality-based variations in optimism and risk aver-
ion in domestic dogs. If this is indeed the case, judgement
ias has potential to be applied for personality assessments
s well as welfare assessments.

.3. Arousal

As discussed by Koolhaas et al. (2010) and Kagan (1997),
he quality of the behavioural response of an individual
o stress is not a reliable indicator of the intensity of
he stress experienced by an individual. As such, when
xamining responses to novelty and stress, it is necessary
o consider individual variation in propensity to become
roused in response to particular stimuli separately to the
ehavioural patterns observed. Furthermore, the impor-
ance of a solid understanding of the effect of arousal on
anine personality and in particular, on behaviours that
re considered undesirable by many pet dog owners, is
ighlighted by the repeated appearance of the descrip-
ors ‘excitability’, ‘fearfulness/nervousness’, ‘anxiety’ and

aggression’ in the literature pertaining to risk factors for
elinquishment and poor owner-dog relationships (Jagoe
nd Serpell, 1996; Serpell, 1996; Kobelt et al., 2003; Bennett
nd Rohlf, 2007; Shore et al., 2008). While all of these
viour Science 163 (2015) 1–18 11

factors have differing affective components, sustained or
repeated high levels of arousal contribute substantially to
all of them, indicating that reliable assessment of arousal in
dogs is crucial to any test aiming to identify successful pet
dogs.

In the broadest sense, arousal is defined as a gener-
alised physiological response resulting in increased motor
activity levels, increased vigilance and greater sensory
processing that prepares an individual for action (Hebb,
1955; Weil et al., 2010). Early discussions of arousal, often
called ‘drive’ by psychologists of the day, centred on the
concept of ‘wakefulness’ and defined arousal as a state of
being which allows an individual to respond quickly and
appropriately to external stimuli by maintaining the body
in a state of readiness (Hebb, 1955). As reviewed by Teigen
(1994), Hebb (1955) was perhaps the earliest researcher
to propose a relationship between arousal and ‘cue func-
tion’, a term describing goal-directed behaviour based on
examination of sensory input, using the ‘inverted U’ rela-
tionship proposed by Yerkes and Dodson (1908) to explain
the correlation between stimulus strength and habit for-
mation. Hebb (1955, pp. 249) suggests that arousal “serves
to tone up the cortex with a background supporting action
that is completely necessary if the messages proper (cue func-
tions) are to have their effect”,  going on to elaborate that
neither extremely low arousal (deep sleep) or extremely
high arousal (emotional disturbance or anxiety) are con-
ducive to optimal performance. Easterbrook (1959) further
refined the notion that arousal affects performance through
changes in cue utilisation, suggesting that the range of
cues utilised by an individual is reduced with increasing
arousal and that the optimal level of arousal is that which
allows all irrelevant cues to be discarded, without omitting
those required for peak performance. This interpretation
of the ‘inverted U’ relationship between arousal and per-
formance has become widely known as the Yerkes-Dodson
law (Teigen, 1994; Cohen, 2011) and gives a good indication
of the likely effect of stressful environments on behavioural
test results.

Whilst arousal is a physiological state rather than a per-
sonality trait, a predisposition to becoming easily aroused
has been suggested to positively correlate with expression
of the traits extraversion and neuroticism in humans (Gray,
1967; Strelau, 1972) and is the basis for the emotional-
ity axis proposed by Koolhaas et al. (2010). Furthermore,
chronic under-arousal resulting in increased reactivity to
external stimuli has been proposed as a possible biolog-
ical basis for impulsivity (Eysenck, 1993; Mathias and
Stanford, 2003). Alternatively, it has been suggested that
the effects of arousal on behaviour and personality are
indirect and work by affecting attentional bias (Dickman,
2000), threat perception (Bar-Haim et al., 2007) or inhibi-
tion (Bari and Robbins, 2013). As the external expression of
personality traits is directly affected by these cognitive pro-
cesses, the assessment of animal personality and arousal
as separate constructs will be fraught with problems until
consensus can be reached on the degree of overlap and

inter-connectedness between them. In order for this to be
achieved, physiological measures of arousal should feature
in all tests of animal personality to allow examination of
each concept individually and together.
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The relationship between arousal and other personality
and cognitive constructs becomes increasingly difficult to
assess when one recognises that, like impulsivity, despite
often being treated as a single continuum by animal
researchers, arousal appears to be made up of at least
two related factors (Hebb, 1955; Thayer, 1978). Thayer
(1978) identified a two-factor ‘activation’ model con-
taining an energy–tiredness axis, which is reflective of
motor activity and vigour, and a tension–placidity axis
which reflects anxiety and irritability. The extreme ends
of each axis are thought to function in opposition to one
another, leading Thayer (1978) to suggest that there may
be four separate but interacting pathways through which
arousal is controlled, each with a distinct affective ele-
ment. Experimental evidence supports the existence of
the tense-arousal and energetic-arousal model in peo-
ple, also suggesting complex interactions between the
two types of arousal and the attentional bias theory of
impulsivity (Dickman, 2000). Schimmack and Grob (2000)
extended the integration of affect and arousal by suggest-
ing a three-dimensional variation of the Thayer model,
in which pleasure–displeasure, wakefulness–tiredness and
tension–relaxation co-vary. As discussed earlier, assessing
affective state in animals is an evolving area of research
requiring complex testing protocols. It is perhaps due to
the design limitations caused by these difficulties that
studies on arousal in animals have focused on the physi-
ological and behavioural changes that indicate increased
alertness, motor activity and emotional reactivity and
therefore suggest the existence of a single, generalised
arousal dimension that is both measureable and heritable
(Weil et al., 2010; Quinkert et al., 2011).

4.4. Temporal and contextual stability

While the assessment of the temporal stability of
responses via test–retest reliability measures is held as the
gold standard for assessing personality traits (Taylor and
Mills, 2006), in keeping with the psychological definition
of trait, it is also important to assess cross-context reac-
tion norms in order to differentiate between true traits
and context-specific behaviours (Stamps and Groothuis,
2010). This is achieved by the inclusion of several sub-
tests designed to assess the same trait across different
contexts and distinguish between variation caused by situ-
ational or motivational factors and that which truly reflects
personality differences (Stamps and Groothuis, 2010). Fur-
thermore, when assessing the temporal or contextual
stability of a trait, stability refers to the maintenance of the
rank order of individuals (i.e. consistent individual posi-
tion relative to other individuals), rather than consistency
in the actual intensity of the response or the expres-
sion of specific behaviours (Sih et al., 2004b; Réale et al.,
2007). While the failure of many test developers to assess
test–retest reliability has been addressed previously (Jones
and Gosling, 2005; Mornement et al., 2009, 2010), the need
for repeated measures of the same trait across several con-

texts and for measures of between individual variation,
such as rank order comparisons, appear to have largely
been ignored by test developers. The environment in which
some behavioural tests are used to assess personality in an
viour Science 163 (2015) 1–18

applied manner, such as welfare facilities, and working or
sporting tests, imposes limitations on the number and vari-
ation of contexts available in which to assess behaviour.
In these cases it is important to interpret all test results
in light of the design limitations of such tests, specifically
through understanding the effects of the specific context on
behavioural reactions. Where possible, it is also prudent to
consider methods with which to gather as much informa-
tion outside of the test environment, in as many contexts
as possible, to aid in the interpretation of test results.

4.5. Behavioural test scoring methods and identification
of passively responding individuals

A common theme anecdotally acknowledged by those
involved with canine behaviour assessment is that indi-
viduals vary widely in their ability to make accurate and
reliable assessments of canine personality, and that this
variance is only partially explained by their level of train-
ing and experience with dogs (Tami and Gallagher, 2009).
Some individuals are seemingly able to make reasonably
accurate assessments of a dog’s personality based on a
relatively small set of interactions, but protocols devel-
oped around these interactions and assessments often do
not transfer well when used by others. While inter-rater
reliability is not commonly reported in the test literature
(Taylor and Mills, 2006; Mornement et al., 2009), reported
reliabilities indicate that these inconsistencies appear to be
greatest for assessments of passive behaviours (Valsecchi
et al., 2009; Sinn et al., 2010; Mornement et al., 2014). One
possible explanation for this discrepancy is that ‘success-
ful’ assessors utilise hard to define measures of arousal or
stress when making judgements of behaviour, such as the
degree of ‘tense energy’ displayed, the relative degree of
interest or disinterest in environmental stimuli, or sub-
tle facial changes and body language indicators of fear or
tension, such as pupil dilation, changes in posture height
or tail wagging and changes to the shape of the mouth.
These subtle behaviours are often overlooked by owners
and dog enthusiasts (Kerswell et al., 2009; Mariti et al.,
2012) and inclusion of these indicators into test protocols
is problematic, as accurate descriptions are by necessity,
detailed and information-heavy, and therefore, are not eas-
ily communicated to an uneducated or naïve audience.
Furthermore, the degree of relevant experience and educa-
tion varies widely between assessors in a shelter or welfare
facility (Mornement et al., 2010) and resources such as time
and space are highly limited (Mornement et al., 2014), so
tests must be quick and easy to administer with minimal
resources required, in order to be feasible in these environ-
ments.

It is perhaps due to these limitations that many test pro-
tocols focus largely on gross, easily observed behaviours
that are common indicators of fear, such as flight, and
obvious signs of aggression such as growling, lunging
and trying to bite (Netto and Planta, 1997; Svartberg and
Forkman, 2002; Kroll et al., 2004; Lucidi et al., 2005; Saetre

et al., 2006; Planta and De Meester, 2007; Bräm et al.,
2008; Haverbeke et al., 2009; Mornement et al., 2009;
Bergamasco et al., 2010; Sinn et al., 2010; van der Borg
et al., 2010; Bennett et al., 2012; Duffy and Serpell, 2012).
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his methodological bias towards measurement of active
esponses is also prevalent in questionnaires designed to
ssess dog behaviour through owner reports, such as the
anine Behavioural Assessment and Research Question-
aire (C-BARQ) (Serpell and Hsu, 2001; Hsu and Serpell,
003; Konok et al., 2011). The degree to which this limi-
ation affects test results depends largely on the purpose
f the test, be that the detection and assessment of poten-
ially problematic gross behaviours within a particular set
f circumstances, or the assessment of canine personality
n an attempt to make predictions about future behaviour
cross contexts and time. Tests which only assess gross,
ctive behaviours and are aimed at assessing personality
r predicting the potential for future aggressive or fearful
eactions, rely on the incorrect assumption that individ-
als displaying passive behaviour are not experiencing
onsiderable stress or arousal and will suffer from poor
redictability due to these inherent design flaws. Some
upport for this idea is shown by the degree to which meas-
res of passive behaviour increase the accuracy of tests;
attery tests scored primarily on the presence/absence of
ctive responses show lower levels of concurrent validity or
redictability validity for behaviours related to aggression
nd fear (Bennett et al., 2012; Mornement et al., 2014), than
hose that include measures of subtle, passive behaviours
hat are thought to be indicative of stress (Barnard et al.,
012; Kuhne et al., 2014). Given the methodological limi-
ations inherent to assessments carried out in shelters and
elfare facilities, and to a degree in other areas in which

anine personality tests are used, it appears that behaviour-
nly tests will always suffer from validity and reliability
ssues due to the trade-off between the high level of detail
equired to examine all relevant behaviours and making
ure tests are both transferable and feasible.

In 2006, Taylor and Mills suggested that physiological
easures of arousal in dogs may  serve to increase the valid-

ty of behaviour tests, as they are objective, easy to measure
nd can provide insight into an animal’s innate or default
eactivity to stressful stimuli. A small number of tests have
een carried out in dogs and calves to compare the accuracy
f behavioural assessments with heart rate and circulating
ortisol analysis for assessing the stress response. Vincent
nd Leahy (1997) found that heart rate profiles in guide
og candidates during training walks reflected their typical
rousal levels, as reported by their handlers. Both heart
ate profiles and temperament descriptions remained
table over several months, despite the dogs being ado-
escent and undertaking training during the time between
ests, indicating that the dimension being described was
emporally and contextually consistent. Van Reenen et al.
2004) observed that behavioural measures of activity
evel, vocalisations and interactions with novel objects and
eople were largely independent of each other and not
eflective of the overall fearfulness of dairy calves, despite
eing internally stable over several months after the age of
6 weeks. Beerda et al. (1998) conducted a similar study,
y presenting pet dogs with potentially fear-inducing

timuli and found that heart rate and cortisol measures did
ot correlate with typical behavioural measures of stress.
nlike Van Reenen et al. (2004), Beerda et al. (1998) did
ot find a correlation between heart rate during stimulus
viour Science 163 (2015) 1–18 13

presentation and post-test cortisol measures; however,
Beerda et al. (1998) did not correct for the effect of activity
level on heart rate, which is a source of significant noise
for heart rate measures. Palestrini et al. (2005) found a
positive correlation between heart rate and activity level
in dogs, but also noted significantly increased heart rate
during isolation tests characterised by static behaviour.
This was interpreted as an indication of increased stress
levels during these times. Most recently, Kuhne et al.
(2014) noted that cardiac activity measures, including
heart rate and two  measures of heart rate variability,
correlated negatively with the presence of displacement
behaviours and positively with appeasement gestures
in pet dogs during static handling tests. Based on these
results, it appears that a robust method of correcting heart
rate measures for activity level is required before heart rate
variability can be considered a valid tool for assessing the
stress response. Until this is achieved, it appears that both
heart rate and circulating cortisol measures should be used
together to provide an accurate physiological measure
of arousal levels, and in conjunction with behavioural
analysis to determine typical coping responses.

5. Where to from here?

In order for a productive discussion of the application
and usefulness of canine personality tests in shelters to
take place, some consensus must first be reached on both
the use of terminology and methodology in these tests and
the aims of those using them. It is also imperative that
those using and developing tests have a sound understand-
ing of the limitations inherent to current testing protocols
and the environment in which many tests are conducted.
While coping behaviours and stress responses have been
the most widely studied personality structures in dogs, the
core aim of shelter-based pet dog assessments is to cor-
rectly describe a dog’s entire personality, to enable effective
risk identification and management, and to ensure good
owner–pet matching (Marston and Bennett, 2003). In order
to meet this aim, a ‘whole-personality’ assessment needs
to be developed for use in welfare shelters. Shelter envi-
ronments are highly stressful for dogs (Hiby et al., 2006;
Rooney et al., 2007; Menor-Campos et al., 2011), limiting
the available contexts in which behaviour can be assessed
to those which include a component of novelty and
environmentally- or socially-induced stress. Bearing this in
mind, it is not surprising that measures related to fear- and
anxiety-based responses show the greatest validity and
predictability in existing shelter tests (van der Borg et al.,
1991; Dowling-Guyer et al., 2011; Valsecchi et al., 2011;
Barnard et al., 2012; Bennett et al., 2012). Furthermore, due
to necessary limitations on the detail that can be included
in battery test protocols and behavioural scoring systems,
current tests often rely on the incorrect assumption that the
presence of active behaviours, such as flight or aggression,
provides a good measure of arousal in all dogs. As sug-
gested by Sih et al. (2004b), Réale et al. (2007) and Koolhaas

et al. (2007), a clear distinction must be made between the
quality of a behavioural response, measured by behavioural
analysis, and the level of arousal experienced by the animal,
best measured via physiological variables such as heart rate
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and circulating levels of catecholamines or glucocorticoids.
This will both reduce the subjectivity of behavioural test
measures and increase the amount of information gathered
about an individual, leading to more accurate assessments
of an individual’s response to test stimuli and providing
insight into the effect of stress on the reliability of test
results. Further, this increased accuracy will allow ‘out-
liers’ to be identified and removed from the sample group,
enabling test parameters to be defined more effectively.

Specific tests that are able to separate context-specific
reactions, motivations, generalised arousal or emotional-
ity and the normal response of an individual to stressful
or threatening situations would be by requirement, highly
complex and time consuming, resulting in poor feasibility
for use in a shelter environment or companion dog situa-
tion. This is perhaps where the mixed assessment model
proposed by Marder et al. (2013) for the assessment of
shelter dogs, in which both in-shelter assessments by staff
and test battery results are combined, has a unique advan-
tage. With further development, this model could allow
for the collection of salient information about behaviours
that are difficult or impossible to assess via test battery,
across a number of contexts and by several individuals.
This information could then be collated with the results
of combined behaviour and physiological assessments of
stress reactivity and response to novelty during battery
tests, giving a more robust and complete picture of individ-
ual personality. In order for such a model to work efficiently
and reliably, a protocol would need to be developed and
tested, which identifies all of the concepts to be assessed
and the benefits and limitations of each assessment method
for each concept, so that conflicts of information can be
reviewed and easily dealt with, without compromising on
the reliability and validity of the information.
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