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ABSTRACT
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Impulsivity is defined as acting prematurely without forethought or foresight. Three
assessments of impulsivity were compared in companion dogs: the delayed reward task,
cylinder detour task, and the Dog Impulsivity Assessment Scale (DIAS). A strong
correlation was observed between the behaviour tasks, but neither behaviour task
correlated with the DIAS suggesting that they are measuring different facets of
impulsivity. Lack of early socialization also appeared to negatively affect dogs’ ability to
be trained on the behaviour tasks. A study was then conducted to compare high (n=17)
and low (n=14) socialized dogs’ performance on the cylinder detour task and DIAS. Low
socialized dogs performed poorer (p < 0.05) on the cylinder detour task and had higher
DIAS scores (p < 0.05) than high socialized dogs. Models of the cylinder detour task and
DIAS also indicated that social factors in the first 12 weeks of life appear to significantly
influence impulsivity. These results suggest that socialization influences the development
of impulsivity in dogs which may guide owner behaviour during puppyhood.
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Introduction
Impulsivity is a complex, ill-defined personality trait that has been discussed and studied
in a variety of disciplines including criminology, psychology, psychiatry, physiology,
pharmacology and ethology. Impulsivity encompasses a wide range of behaviours, each
with different underlying biological mechanisms (Evenden 1999), and the broad
applications of the study of impulsivity gives rise to numerous perspectives on the
definition of this trait.
The multifaceted nature of impulsivity has resulted in multiple suggestions for definitions
with little consensus. Broadly, impulsivity is considered the tendency to respond
prematurely and without forethought or foresight (Buss & Plomin 1975; Dickman 1990;
Eysenck & Eysenck 1977; Evenden 1999; Patton et al. 1995; Whiteside & Lynam; 2001;
Zuckerman et al. 1993; Robinson et al. 2008). Constructs that are considered to be
included within impulsive behaviour include poor response inhibition, an inability to
delay gratification, impairments in time estimation, inappropriate action in a given
context, novelty seeking, and increased risk-taking (Buss & Plomin 1975; Patton et al.
1995; Evenden 1999; Whiteside and Lynam 2001; Weafer et al. 2011).
The majority of researchers concede that impulsivity lies on a spectrum, with variability
in responses across individuals. The evolutionary continuity of attributes that characterize
impulsivity suggests that different levels of impulsivity can be adaptive in varying
contexts (Buckholtz et al. 2010). It is thought impulsivity exists in all individuals to
varying degrees. The degree of impulsivity an individual possesses can increase the
likelihood of pathologically concerning behaviour (Barratt et al. 1999; Malloy-Diniz et
al. 2007), but in some contexts it may be advantageous. For example, individuals that are
considered highly impulsive may perform better on tasks that require them to switch their
focus rapidly (Dickman 1993), or may benefit in low-risk novel situations through
gaining a valuable resource such as food (Wright 2008). Conversely, low-impulsive
individuals may thrive in high-risk novel situations where stakes are high if an
inappropriate decision is made or in situations where optimal action only results from
adequate forethought and behavioural control (Wright 2008). Thus, it is hypothesized that
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impulsivity can be beneficial or detrimental depending on the situation, which gives rise
to inter-individual variation.
While a low or high level of impulsivity is not inherently negative, high levels of
impulsivity have been associated with many mental health disorders in humans including
mania, personality disorders, substance abuse disorders, attention deficit/hyperactivity
disorder (ADD/ADHD), and deficits in decision making due to lack of premeditation
(Evenden 1999; Zermatten et al. 2005). Impulsivity may also be related to behavioural
disorders in dogs, including hyperactivity, aggression, and other impulsive-centred
abnormal behaviours (Lit et al. 2010; Wan et al. 2013). However, there has been only
limited research on impulsivity in dogs to date (Hejjas et al. 2007; Lit et al. 2010; Wright
et al. 2011; Riemer et al. 2013; Bray et al. 2014).
Literature Review
Impulsivity in Human Personality
In humans, it has been suggested that aspects of an individual’s personality are
established very early on in life and persist in large part through adulthood (Caspi &
Roberts 2001). One of the largest and most referenced studies that assess the continuity
of human personality explored the relationship between behavioural tendencies in 1000
children at age 3 years and then again at age 18 (Tellegen et al. 1988). Results showed
that children presented as “well-adjusted” at age 3, as defined by high self-control, selfconfidence, and emotional control, showed similar behavioural patterns at age 18.
Conversely, children who were “undercontrolled” at age three, as defined by impulsive,
restless, distractible, and aggressive tendencies, also showed poor constraint, high
emotionality, and low self-control at age 18. These results highlight the consistency of
temperamental differences between individuals from childhood to adulthood, including
key components related to level of impulsivity (Caspi & Silva 1995).
Impulsivity is considered to be an important psychological construct and appears, albeit
in various forms, in every major system of human personality (Whiteside & Lynham
2001). Eysenck & Eysenck (1985) describe three major pillars of personality as
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Extraversion, Neuroticism and Psychoticism. Eysenck & Eysenck emphasized the genetic
basis of impulsivity and sensation-seeking behaviour and suggested that impulsivity
specifically is positively correlated to Extraversion and Psychotism via genetic and
environmental pressures (Eysenck & Eysenck 1978). However, they also highlight the
fact that impulsivity is a broad construct containing factors such as risk-taking,
premeditation, and liveliness which can be investigated individually within the
Extraversion, Neuroticism, and Psychotism trichotomy. Tellegen (1985) followed this
with a personality model that was constructed via the Multidimensional Personality
Questionnaire. Results were factored down to three dimensions: Positive Emotionality,
Negative Emotionality, and Constraint. Tellegen (1982) contrasted impulsivity versus
control under the constraint factor, which parallels Eysenck and Eysenck’s (1978)
Psychotism and refers to conscious control of behaviour. Low constraint scorers exhibit
action without caution, premeditation, or concern for danger avoidance, as well as poor
impulse control (Tellegen 1982; Church 1994). Zuckerman et al. (1991) expanded the
traditional three factor model of Impulsive Unsocialized Sensation Seeking, AggressionHostility, and Activity to a five factor model of personality, adding Sociability and
Neuroticism-Anxiety. The Impulsive Unsocialized Sensation Seeking factor is defined by
a lack of planning, and a tendency to act without thinking; most activities that fit under
this factor are described as experience-seeking or the willingness to take risks for the sake
of novel experience, which once again broadened the behaviours comprised within the
term impulsivity. Cloninger et al. (1991) also supported a multifactor personality model,
with the development of the Tridimensional Personality Questionnaire that measures
three higher-order personality dimensions: Novelty-seeking, Harm Avoidance, and
Reward Dependence. Cloninger et al. (1991) distinguished their model from other
previous models by establishing observed behaviours as a product of both the biogenetic
structure of personality and its interaction with the environment, rather than personality
being exclusively influenced by genetics. Impulsivity is nested within the Noveltyseeking dimension as novelty-seeking behaviour that refers to thrill seeking behaviour,
and a preference for acting on immediate feelings without regard for society rules and
regulations (Cloninger et al. 1991, 1993; Whiteside & Lynham 2001).
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In contrast to these multifactorial models, Gray (1972, 1981, 1982) suggests a biopsychological model of personality based on two underlying systems: the Behavioural
Inhibition System as a punishment mechanism, and the Behavioural Activation System as
a reward mechanism. Impulsivity is also incorporated in this model; it is described as a
reflection of differences in the degree of sensitivity or reactivity an individual possesses
in the operation of the Behavioural Activation System. An individual that is considered
highly impulsive under this model is highly sensitive to the prospect of a reward.
However, more recent studies suggest that impulsivity could result from either a
hyposensitive Behavioural Inhibition System or a hypersensitive Behavioural Activation
System as traditionally defined, and that considering the multidimensional nature of
impulsivity, the activation system may be related only to certain types of impulsivity and
likely not in a straightforward fashion. Quilty and Oakman (2004) further suggest that
broad measures of impulsivity may not be as strong an indicator of behavioural
activation, and that behavioural activation may encompass a wide spectrum of behaviour,
of which impulsivity is only one part.
While each model of personality has its individual nuances and variations, common
ground is evident between the models, and the most accurate depiction of personality
likely arises from a combination of the most prominent models. Importantly, various
facets of impulsivity are incorporated into each model, supporting the validity of this
component trait.
Many researchers have further explored the establishment of a detailed model of
impulsivity as an independent construct. Even in early studies of impulsivity, researchers
were aware of its multifactorial nature. Buss and Plomin (1975) suggested that inhibitory
control is central to impulsive characteristics, but that decision time, persistence and
boredom, and sensation seeking are also integral components of the impulsivity
construct. Two additional models of impulsivity were developed by Swann et al. (2002),
who proposed additional components. These include both the reward-discounting model,
in which impulsivity is demonstrated by an inability to wait for a larger reward, and the
rapid-response model, in which impulsivity is demonstrated by a response to a situation
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without adequate, thorough assessment. Conversely, others suggest there are distinctly
different types of impulsive behaviour an individual can exhibit based on the context in
which it is exhibited. Dickman (1990) characterized two different types of impulsivity:
Dysfunctional Impulsivity (DI), the tendency to act without forethought when most
people typically would first think, leading the individual to a suboptimal consequence,
and Functional Impulsivity (FI), exemplified by acting without forethought where the
resulting consequence is nonetheless optimal given the conditions of the situation. This
perspective supports the evolutionary persistence of impulsivity. Once again, the
diversity and to some extent the disagreement between constructs of impulsivity highlight
the need for further exploration of the components of impulsivity to garner a better
understanding of this trait.
Canine Personality
To understand impulsivity as a trait within canine personality, it is valuable to examine
canine personality from a broad perspective. The selective pressure placed on the species
through the process of domestication has significantly altered the domestic dog’s
behavioural profile (Frank & Frank 1982), hence the need to analyze the domestic dog
separate from other canids (Svartberg et al. 2005). There is substantial benefit from
modelling canine behaviour, not only to better understand behavioural conditions in dogs,
but also to better understand such conditions in humans, given the parallels between the
two species. Support for such parallels was made evident by Gosling and John (1999),
who used a cross-species comparative approach to examine what personality traits
correlate between 12 non-human species. Of the “Big 5” personality traits identified in
humans, they found that Extraversion, Neuroticism, and Agreeableness showed the
strongest cross-species generality.
The existence of similar inter-dog personality traits was experimentally assessed by
Svartberg (2005), who used behavioural data collected from a large subset of dogs
composed of 146 breeds. Ten behavioural tests were run that paralleled the tests
developed and used by the Swedish Working Dog Association, including exposing dogs
to the appearance of an unfamiliar person, play, prey-like objects, metallic noise and a
suddenly appearing dummy. Five narrow canine personality traits were identified from
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these data: playfulness, curiosity and fearfulness, chase proneness, sociability, and
aggressiveness. Higher order factor analyses also showed that all traits but aggressiveness
combined to form a superfactor - a general dimension of personality with which specific
traits are associated, entitled "boldness". The authors suggested that boldness parallels the
shyness-boldness axis and the extraversion-neuroticism dichotomy proposed by Kagan et
al. (1988), and Eysenck and Eysenck (1985), respectively, and which has been described
in humans and in other species. Each of the five narrow traits identified also share
features with models of personality in other species, such as humans (Digman
1990; Goldberg 1990; Costa & McCrae1992), primates (McGuire et al. 1994), pigs
(Forkman et al.1995) and domestic cats (Feaver et al. 1986). The identification of both
the narrow traits and the broad superfactor was consistent among the large variety of
canine breeds, indicating that these traits are general to the domestic dog species,
supporting the evolutionary stability of canine personality. These parallels increase the
validity of canine personality models, and support extrapolations made between canine
personality and personality in other species.
Measuring Impulsivity
The four most widely used and reliable methods to date for assessing impulsivity are
psychometric assessments, physiological markers, behaviour and cognition tests, and
observational measures.
Psychometric Measurements
Psychometric assessments use questionnaires to evaluate aspects of an individual’s
personality. Typically, self-report questionnaires are used. Multiple questionnaires of this
nature have been used to measure facets of impulsivity. Two of the most well-known and
commonly used for humans are the Barratt Impulsivity Scale (BIS) (Barratt 1994) and the
I7 (Eysenck 1993). Both instruments ask the subject to gauge their feelings in certain
situations or to given statements related to impulsivity. The BIS evaluates the following
three types of impulsivity: attentional impulsivity (insufficient focusing of attention),
motor impulsivity (acting without thinking), and non-planning impulsivity (present
orientation, self-control and cognitive complexity). In contrast, the I7 scale examines the
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following four factors: narrow impulsivity (the tendency to think and react on the
consequences of an act before engaging in that act), risk taking (tendency to partake in
risky behaviour), non-planning (see above), and liveliness (sociability). Evaluations of
impulsivity are also embedded within more broad assessments of personality such as the
Karolinska Scales of Personality (Klinteberg, Schalling & Magnusson 1986) and the
Tridimensional Personality Questionnaire (Cloninger 1987). When evaluating children,
adolescents, or individuals who are not adequately capable of self-reporting their feelings
to questions in this type of assessment, other people such as parents, teachers, caregivers
provide information as proxies. Results by DuPaul (1991) that examined parent and
teacher ratings of children/students on an ADHD Rating Scale suggest the use of proxies
in these situations is both reliable and valid. This situation parallels an owner evaluating
their dog.
Psychometric assessment tools for impulsivity have also been developed for use with
dogs. Vas et al. (2007) adapted a psychometric tool previously used to evaluate human
ADHD to evaluate attention skills, and impulsivity/motor activity in domestic dogs. They
asked owners to rate their agreement with statements pertaining to their dog such as ‘It’s
difficult for my dog to concentrate on a task or play’, ‘My dog is excessive, difficult to
control, if it lunges it is hard to hold back’, and ‘My dog cannot wait, as it has no selfcontrol’ pertaining to impulsivity/motor activity, and ‘It’s easy to attract my dog’s
attention but it loses its interest soon’ and ‘My dog’s attention can be easily distracted’
pertaining to inattention. The results from this study showed internal validity, assessed by
comparing the developed canine ADHD psychometric scale to the previously validated
human ADHD psychometric scale. They also demonstrated external validity through
using the newly developed canine ADHD psychometric assessment tool in known group
comparisons analysing the effects of age, sex and training on the dogs’ attention skills
and the levels of activity–impulsivity. Overall, these findings suggest the application of
an adapted human-oriented questionnaire to be a reliable and valid method of assessing
personality traits in dogs, and legitimizes the use of owners as a proxy in psychometrics
assessments of dogs.
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Wright and colleagues (2011) also developed a psychometric tool named the Dog
Impulsivity Assessment Scale (DIAS) to assess impulsive traits in domestic dogs. This
owner-reported questionnaire was constructed using items generated from a survey of
international canine behaviour experts. The DIAS consists of 18 statements regarding
canine behaviour, and owners must rate their agreement with each statement (strongly
agree, somewhat agree, neutral, somewhat disagree, or strongly disagree), which is then
converted to a score from 1-5 for analysis. The Overall Questionnaire Score (OQS)
provides an all-encompassing assessment of the dog’s impulsivity. Principal Components
Analysis also identified three factors that reflect individual subscales within the DIAS:
Factor 1-Behavioural Regulation, (e.g., dog does not think before it acts), Factor 2Aggression and Response to Novelty (e.g., dog becomes aggressive when excited), and
Factor 3-Responsiveness (e.g., dog is easy to train). The DIAS items were tested for
reliability using test-retest scores, and items that were deemed unreliable were discarded
from the final version of the DIAS. The DIAS was also validated through comparison to
performance on a behavioural test of impulsivity and via serotonin and dopamine levels
(Wright et al. 2012). Owned dogs were subjected to a delayed reward task (see below)
and levels of 5-hydroxyindoleacetic acid 5-HIAA and dopamine (HVA) in urine samples
were measured. High impulsivity scores on the DIAS significantly correlated with
reduced tolerance of a delayed reward and lower levels of urinary 5-HIAA and HVA,
which suggests convergent validity between psychometric, behavioural, and
physiological measures of impulsivity (Wright et al. 2012).
Behavioural and Cognitive Measurements
A variety of behavioural tests have been developed to assess impulsivity. Behaviour tests
are unique in that each assesses one or more individual components of impulsive
behaviour. The types of behavioural tests conducted in a laboratory environment are
typically described as either impulsive action tests, which examine an individual’s
inability to inhibit a response, or impulsive choice/decision making tests, which measure
a subject’s decision making (Winstanley et al. 2006). Additional behavioural tests can be
conducted outside these classifications to measure other facets of impulsive behaviour,
including novelty seeking behaviour.
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Impulsive Action Tests
Three commonly used tests of impulsive action conducted with rats include the Go/NoGo task (Harrison et al. 1999; Feola et al. 2000; de Wit et al. 2000; Eagle & Robbins
2003a, 2003b), the Stop Signal Reaction Time Task (SSRTT), and the 5-Choice Serial
Reaction Time Task (5CSRTT, Rosvold et al. 1956; Mirsky & Rosvold 1960; Wilkinson
1963; Carli et al. 1983; Robbins 2002). Motivators such as food, sex, or other highly
desirable rewards are used as primary reinforcers in such experiments.
The SSRTT task is based on a subject learning a behavioural response associated with a
go-signal, such as pressing a lever and receiving a food reward, and a stop-signal, which
commands the animal to cease the initiated behaviour. Multiple go trials are then
repeated. Interspersed between go-trials are no-go trials, where the stop signal is
delivered at varying lengths of time after an initial go-signal. The time required to
successfully stop the commenced behaviour associated with a go trial is the measure of
impulsivity in this test. This test is a measure of behavioural inhibition, specifically, the
ability to cancel an initiated response (Lipszyc & Schachar 2010; Alderson et al. 2007). It
has been conducted with children (Oosterlaan & Sargeant 1995; Johnstone et al. 2007),
and human adults (Aron et al. 2003), and with rodent subjects (Eagle and Robbins
2003).The SSRTT has shown high intra-subject reliability (Logan 1994; Soreni et al.
2009; Congdon et al. 2012) and convergent and divergent validity in studies examining
children with ADHD (Solanto et al. 2001; Nichols & Waschbusch 2004).
The Go/No-Go task is similar to the SSRTT task; however, exclusively a go-signal or a
no-go-signal is delivered, and the animal must perform the correct respective behaviour,
i.e., advance to the lever and retrieve the food if given a go-signal or remain stationary if
given the no-go signal. This test assesses an individual’s ability to sustain attention and
also measures behavioural control over responses. It has been used in a wide range of
subjects including humans (Casey et al.1997) and animals (Loos et al. 2010; Eagle et al.
2008). Similar to the SSRTT, it shows strong reliability (Williams and Kaufmann 2001)
and convergent validity (Schulz et al. 2007; Hirose et al. 2012; Rana & Rao 2013). As
Oosterlaan and Sargeant (1995) outline, one limitation of both the SSRTT and Go/No-Go
task is that they only measure one form of response inhibition, specifically the ability to
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inhibit an ongoing response or to execute behaviours associated with the stop signal
(Barkley 1997). Neither test has been used to date in dogs, likely due to the complex
training that would be involved in a dog to learning to complete the task successfully.
Another test used frequently with rodents, the 5CSRTT, requires the subject to respond to
one of five targets that is illuminated; if the rodent correctly responds to the illuminated
target rather than one of the four other unilluminated targets, they receive a food reward.
Before a target is illuminated, the subject must wait a 5 second inter-trial interval during
which time the subject must refrain from making a response. Any premature responses
that occur during this time are penalized with a ‘time out’ accompanied by a delay.
Premature responses are used as a measure of impulsive action (Carli et al. 1983). Similar
to the Go/No-Go test, the 5CSRTT examines inhibitory and attentional control (Loos et
al. 2010; Robbins 2002), and has been used extensively with rodents. Results on the test
have shown intra-individual repeatability (Carli et al. 1983; Robbins 2002; Bari et
al. 2009). This test also shows high construct validity when measuring impulsivity,
specifically inhibitory control exemplified by its predictive ability for the development of
impulsivity-based disorders such as ADHD, the influence of drugs that reduce
impulsivity on test performance, and the ability of manipulations of neurological centres
related to impulsivity to affect test performance (Mirza and Stolerman 1998; Lustig et al.
2013). To date, this test has not been used with dogs.
There are similar limitations to all of the aforementioned impulsive action tests. Neither
the SSRTT, the Go/No-Go task, or the 5-CSRTT assesses subjects’ ability to inhibit a
response over a sustained period of time. Another limitation in all tests is that they rely
on strong sensitivity to auditory and visual stimuli, which may vary between individuals
(Bari et al. 2008). A further criticism is that given the repetitive nature of each test, there
is risk of decrement in vigilance as the testing session progresses due to boredom or
satiation if the reward is food. This can only be avoided if there is a limited time allotted
to collect the reward, or latency to collect the reward is considered (Parasuraman &
Mouloua 1987; Mirza & Stolerman 1998; Bari et al. 2008).
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Impulsive Choice Tests
Impulsive choice tests differ from impulsive action tests in that when an impulsive choice
is made, there is no pre-established response that is primed and then inhibited
(Winstanley et al. 2006). The most frequently used measure of impulsive choice is the
delayed reward task, which is also sometimes called the delay-discounting task. The core
dichotomy of this test is whether the subject prefers a small and immediate reward, or a
large but delayed reward, with impulsivity reflected by the selection of the small and
immediate reward (Ainslie 1975; Logue 1988). Mathematical functions have been
devised that predict the point at which increasing the delay the subject must withstand
before receiving the large reward causes them to, switch to selecting the small and
immediate reward. This procedure has been used extensively in measuring impulsive
choice in rats (Evenden & Ryan 1996; Mobini et al. 2000; Wogar et al. 1993), monkeys
(Richardson et al. 1986), and humans (Shoda et al. 1990; Schweighofer et al. 2008), and
has recently been adapted for use as a measure of impulsive choice in dogs (Wright et al.
2012). It has been established that dogs can successfully differentiate the value between a
small and large food reward (Ward & Smuts 2007). In all instances where this test has
been used with animals, food has been used as the reward motivating the subject’s
choice. This test has also been conducted with children using food rewards (Shoda et al.
1990), and human adults using monetary rewards (Schweighofer et al. 2008). In a cross
species translational study comparing impulsive choice (delayed reward task) and
impulsive action (5-CSRTT), impulsive choice and impulsive action did not correlate in
rats or humans, which suggests distinct underlying neural mechanisms and highlights the
multifaceted nature of impulsivity (Broos et al. 2012). It also emphasizes the need for
more focused empirical efforts on distinct facets of impulsivity rather than on impulsivity
as a unitary construct.
Behavioural assessment of impulsive choice has also been assessed using detour tasks,
which are thought to assess inhibitory control (Bray et al. 2014). Variations of the detour
task have been used in several species including sparrows (Boogert et al. 2011), monkeys
(Santos et al. 1999), and humans (Diamond 1996). Recently this task has been adapted
for use with dogs as the cylinder detour task (Bray et al. 2014). In the methodology
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described, a researcher places a treat in a box that is open on the left and right sides. The
front face of the box is opaque. The dog is then trained to retrieve the treat from the open
sides of the opaque box. After the dog is successfully trained to access the treat from the
box through the side openings, the opaque box is switched for an identical box with a
transparent front face. In testing trials, the dog must refrain from approaching the
transparent front face where the treat is visible, and instead retrieve the treat from either
side opening as they were originally trained to do. The frequency of trials in which a dog
approaches or runs into the transparent face is an indicator of impulsivity. A limitation of
the detour task is that in testing over multiple repetitions, learning may occur and lead to
improved performance. However, testing over repeated sessions has shown no test-retest
correlation, signifying test reliability and minimal effects of learning (Bray et al. 2014).
In comparing the detour task to other assessments of inhibitory control, including a social
task (recall reputation of an experimenter that always gave treats versus a stingy
experimenter who never offered rewards), and an A-not-B task (dogs required to inhibit
searching for food from a location after witnessing its removal), inter-test scores were not
correlated. This suggests the importance of context in canine behaviour and that perhaps
the tests are looking at different types of behavioural inhibition (Bray et al. 2014).
Measuring Other Facets of Impulsivity
Other facets of impulsivity can also be measured empirically through behaviour testing
such as novelty-seeking behaviour, risk-taking behaviour, and novelty preference.
Novelty-seeking behaviour refers to thrill-seeking behaviour, and a preference for acting
on immediate feelings without regard for society's rules and regulations (Cloninger et
al.1991, 1993; Whiteside & Lynham 2001). One method of testing novelty seeking in
rodents is by monitoring their degree of exploratory behaviour in novel environments.
For example, Adriani and colleagues (2003) placed mice in a plexi-glass compartment
with a division between two sections, one of which was familiar to the subject, the other
foreign. Animals were video recorded and scored for measures of time spent and activity
in the familiar and foreign compartments of the apparatus. This method and similar
adaptations are widely used in assessments of novelty-seeking behaviour (Dellu et al.
1996; Kabbaj et al. 2000). Novelty-seeking and risk-taking behaviour are often measured
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in humans by questionnaires (Cloninger 1987a, b; Zald et al. 2008), or by observations of
behaviours in daily life that are classified as risky such as drug/alcohol use and addiction
(Bardo et al. 1996; Leyton et al. 2002). An additional method of assessing noveltyseeking behaviour that has been used in dogs is a novelty preference test. Kalfub and
Mills (2008) examined dogs’ preference for a novel toy alongside two familiar toys. They
found that in 38 of 50 tests the novel toy was selected, indicating that dogs may be
inherently neophilic (Gosling & John 1999; Sheppard & Mills 2002; Kalfub & Mills
2008). A psychometric method of assessing sensation-seeking behaviour is the
Zuckerman Sensation Seeking Scale (ZSSS, Zuckerman 1979); individuals are required
to select their preference between two options on questions such as, a) “I can’t stand
riding with a person that likes to speed”, or b) “I sometimes like to drive fast because I
find it very exciting.” Results are converted into a total numerical score that can be
reduced to factors such as experience seeking, disinhibition, and boredom susceptibility.
Another recently developed assessment described in Kubinyi et al. (2012) is called the
Activity-Impulsivity Behaviour Scale (AIBS). Active-impulsivity is defined as selfinitiated active behaviour such as novel environment exploration and latency to approach
an owner located at a distance from the dog (Kubinyi et al. 2012). The AIBS is not a
traditional scale, but rather a set of behavioural tests. These tests include
spontaneous/unencouraged activity with the owner present, eagerness to engage in play
with an experimenter, willingness to remain in a laying-down position with owner
instruction, and latency to approach the owner at a distance on command. Performance
on each behavioural test is then converted into a numerical score. Despite the AIBS not
consisting of traditional impulsivity assessments, the test has demonstrated high testretest reliability and inter-observer reliability (Kubinyi et al. 2012), and high convergent
validity with the Dog ADHD scale developed by Vas et al. (2007). Dogs that possessed a
short allele of the tyrosine hydroxylase gene, involved in the catalysis of dopamine, also
showed higher levels of activity-impulsivity.
Observational Measurements
Other methods of measuring impulsivity involve direct observation in semi-experimental
settings. This type of impulsive behaviour measurement specifically examines impulsive
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behaviour in the context of social interactions (Wright 2008). For example, studies in
humans may look at in-vivo behaviour of patients residing in a hospital setting to evaluate
impulsive tendencies (Votruba et al. 2008). Extensive observational studies have also
been completed with primates, which involve observing a subject’s impulsive and
sometimes aggressive behaviour towards an unfamiliar adult intruding into the focal
subject’s territory (Fairbanks et al. 1999, 2001, 2004). Other studies assessed the
tendency for primates to take risks in the form of leaping behaviour from significant
heights (Taub et al. 1994). No such observations have been made with dogs to date under
the context of examining attributes of impulsive behaviour.
Etiology of Impulsive Behaviour
Impulsive behaviour is complex and research in humans suggests that development likely
results from an amalgamation of factors including heritability, environmental effects, and
social exposures. Many of these underlying causes are likely parallel to the etiology of
canine impulsive behaviour.
Many personality dimensions, such as openness and extraversion, have been found to
have a relatively high heritability estimate (Eysenck 1956; Wilde 1964; Buss et al. 1984;
Cattell 1982, 1995; Eaves et al. 1999; Jang et al. 2006), but the level of heritability of
impulsivity in mammalian species is still unclear. Impulsivity fits in with Neuroticism of
the widely accepted five factor theory of personality model (Goldberg et al. 1981). Jang
et al. (2006) determined that 41% of neuroticism is genetically influenced using the NEO
Personality Inventory comparing sets of identical and fraternal twins. Pederson et al.
(1988) estimated the heritability of impulsivity in humans to be at a similar level, 45%,
and determined that the environmental influence of family is minimal on this trait. Other
studies suggest as little as 16% of variance in impulsivity of an individual is genetically
inherited from their parents (Scarr et al. 1981). In an adolescent twin study conducted
using an age appropriate version of the BIS, a psychometric assessment of impulsivity,
Niv et al. (2011) found that between 19-56% of responses showed genetic heritability,
further speaking to variation in estimates of the heritability of impulsivity. Some
researchers suggest this conflict of opinion is the result of genes influencing impulsive
behaviour in a non-linear, dominant fashion, and that examining the etiology of impulsive
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behaviour between parent and child could result in underestimation of this trait’s
heritability (Scarr et al. 1981; Seroczynski et al. 1999). Research also shows the relative
importance of genetic and environmental effects on impulsive behaviour to vary across
development; the greatest heritability is seen in infancy, childhood, and adolescence
(Bezdijan et al. 2011a; Niv et al. 2012). Specific facets of impulsivity also appear to vary
with age. Risk taking appears to increase during adolescence in comparison to childhood
and adulthood (Irwin 1989; Spear 2000; Trimpop et al. 1999; Galvan et al. 2007), while
disinhibition decreases in adolescence in comparison to other age frames (Casey et al.
2002; Bezdijan 2011).
Heritability of personality traits in dogs has been of increasing interest in recent years
(Ruenfenacht et al. 2002; Jones & Gosling 2005; Saetre et al. 2006; Ley et al. 2007).
Similar to work with humans, results vary, which may be attributed in part to test subject
sampling strategies, testing methods, and the specific breeds assessed (Ruefenacht et al.
2002). For example, in a review by Ruefenacht and colleagues (2002), the behavioural
characteristics shown to have the highest degree of heritability in dogs are: activity (0.53;
Wilsson & Sundgren 1998), fear (0.46; Goddard & Beilharz 1982), nervousness (0.58;
Goddard & Beilharz 1982), and temperament (defined in this case as physical flexibility
and intensity of reaction to different environmental stimuli (0.51;Mackenzie et al. 1985).
Another study of the heritability of canine traits found that traits such as interest in play
(0.19), startle reactions (0.17) and exploration after a sudden appearance (0.18) are
heritable and closely related to facets of impulsive behaviour such as novelty seeking,
lack of premeditation, and sensation-seeking behaviour (Saetre et al., 2006). As
mentioned above, another factor to consider in heritability of temperament is breed. Work
by Bradshaw et al. (1996), highlights differences in behavioural factors between breeds,
such as high aggressivity and low immaturity in German Shepherds compared to low
aggressivity and high immaturity in Golden Retrievers, as assessed by veterinarians and
dog care professionals, in comparison to other breeds. Therefore, dogs of specific breeds
are more likely to inherit certain temperaments than dogs of other breeds, and may be
important to consider when assessing impulsivity.
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Heritability pertaining specifically to impulsivity as a broad factor, as well as to
individual facets of impulsivity, has also been examined in dogs. Hejjas et al. (2007)
found that German Shepherds possessing at least one 3a allele in the dopamine D4
(DRD4) receptor showed significantly higher scores on the Dog-ADHD scale (Vas et al.
2007) than dogs that did not have this allele. It was also determined that repeat
polymorphisms at exon 3 and intron 2 of DRD4 affected social impulsivity, defined as a
willingness to approach and follow behaviour while encountering a friendly, unfamiliar
person (Hejjas et al. 2009). Following this study, Kubinyi and colleagues (2012) found
that the tyrosine hydroxylase (TH) gene, responsible for the production of tyrosine
hydroxylase, which catalyzes the conversion of the molecular precursor of dopamine to
dopamine, also affected German Shepherds’ active-impulsivity as evaluated on a battery
of behavioural tests as assessed in the AIBS. Active-impulsivity referred to self-initiated
active behaviour, such as novel environment exploration and latency to approach an
owner located at a distance from the dog (Kubinyi et al. 2012). This study found that
dogs possessing at least one short allele at intron 4 of the TH gene were more activeimpulsive compared to dogs carrying two copies of the long allele (Kubinyi et al. 2012).
These results were further validated in work by Wan et al. (2013) in Siberian huskies, a
breed that is highly divergent from most dog breeds. Huskies with short alleles of the
DRD4 and TH repeat polymorphisms were associated with higher levels of activity,
impulsivity and inattention as evaluated by the Dog ADHD scale and by a battery of
behavioural tests that examined spontaneous activity, behaviour during greeting, and
behaviour during a buccal sample. These relationship between these findings and
dopamine production is noteworthy in that dopamine is integral to cognitive function,
movement control, and attention (Kubinyi et al. 2012), and has established links to
impulsive behaviour. Puumala et al. (1998) found that 5-HIAA and dopamine contributed
to 49% of the variability in subject performance on the SSRT with rodents. Cloninger
(1987) also hypothesized that dopamine affects novelty-seeking behaviour, assessed
through monitoring alcohol-seeking explorative behaviour in humans. Dopamine also
appears to affect an individual’s ability to delay gratification by influencing behavioural
activation, response thresholds, and sensitivity to reward, exemplified by results in a
delayed reward task conducted in dogs compared to a 5-HIAA:HVA ratio determined
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through urinalysis (Wright et al. 2012). This literature supports neurological etiology for
varied performance on behavioural assessments of impulsivity.
Environmental effects during early post-natal development have also been suggested to
influence impulse control later in life. One suggested contributor to impulsive behaviour
in children is early life trauma. A cross-sectional study by Narvaez et al. (2012) examined
childhood trauma and impulsivity in cocaine users admitted to treatment. Childhood
trauma was defined broadly as any emotional abuse or neglect, physical abuse or neglect,
or sexual abuse and was assessed using the Childhood Trauma Questionnaire. Impulsivity
was measured using the BIS. The authors found a strong association between childhood
trauma and high levels of impulsivity among adult cocaine addicts after controlling for
confounders, and suggested that these results indicate that impulsive behaviour may be a
pathologic response to childhood traumatic events.
Little research to date has examined the effects of early trauma and abuse on specific
personality traits in animals. However, the capacity for animals to experience emotions
(Maestripieri et al. 1992; Fraser 1999; Désiré et al. 2002) and pain (Molony et al. 1997;
Bateson 2004; Weary et al. 2006) is becoming more widely accepted, which gives way
for the possible influence of trauma on non-human personality.
In contrast, social isolation, in the form of maternal separation and/or isolation from
conspecifics, appears to influence a number of behaviours that appear to be related to
impulsivity (Harlow et al. 1965; Heim et al. 2004; Rapoport et al. 2005; Fone & Porkess
2008). This may be related to isolation somehow impairing the ability of an individual to
appropriately process environmental stimuli or to foresee the consequences of their
actions (Van den Burgh et al. 2006; Fone & Porkess 2008). Previous research in rats
illustrated that post-weaning social isolation results in impulsive behaviour and other
behavioural and cognitive changes. Both Perry et al. (2009) and Garcia and Kirkpatrick
(2013) examined impulsive behaviour in rats reared in socially isolated conditions during
the post-weaning period, and found that the isolated rats were less delay tolerant on a
delayed reward task than rats housed in an enriched environment. Post-weaning isolation
in rats has also been found to result in higher levels of impulsive action as displayed by
increased errors on a five-choice serial reaction time task (Baarendse et al. 2013).
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Several other related behaviours have been observed in socially isolated rats (compiled
by Fone & Porkess, 2008). These include hyperactive exploratory behaviour in novel
environments (Gentsch et al. 1981, 1982, 1988; Sahakian et al. 1977; Varty et al. 2000), a
higher response rate in food-reward motivated procedures (Fiala et al. 1977; Hellemans et
al. 2004; Hall et al. 1997a), the inability to ignore or suppress irrelevant stimuli to focus
on biologically salient input (Feldon & Weiner 1992), deficits in Prepulse Inhibition (PPI
refers to a weaker pre-stimulus inhibiting the reaction of an organism to a subsequent
stronger startling stimulus, Bakshi et al.1998; Cilia et al.2001; Varty et al. 2000; DayWilson et al.2006), and increased social interaction and aggression (Wongwitdecha &
Marsden, 1996b). It is also evident that very minimal social isolation is required in order
for detrimental effects to arise; as little as two weeks of social isolation in rodents has
been shown to increase behaviours reflective of exploration (Arakawa 2005), and
aggression (Valzelli 1973). These behaviours parallel facets of impulsive behaviour
identified in other research, including increased novelty seeking behaviour,
inappropriateness of actions, poor response inhibition, and increased risk-taking
behaviour (Buss & Plomin 1975; Patton et al. 1995; Evenden 1999; Whiteside & Lynam
2001; Weafer et al. 2011). This relation suggests a relationship between inadequate
socialization and impulsive behaviour.
Implications of Impulsivity in Humans and Rodents
In excess, impulsive behaviour is associated with a variety of psychiatric and mental
health disorders in humans. In some cases, there is a hypothesized relationship with
impulse control, whereas other relationships have been supported with scientific
evidence. It is thought that the relationship between many of these conditions and
impulsive behaviour centres on the association between impulsivity and the biological
substrates of these disorders (Moeller et al. 2001).
Evidence suggests that impulsivity plays an integral role in mental health disorders,
specifically classified as “Impulse Control Disorders” in the Diagnostic and Statistical
Manual of Mental Health (American Psychiatric Association 2013). For example,
Kleptomania (irresistible impulse to steal unneeded objects, Goldman 1991) patients
show a significantly higher score on the BIS in comparison to controls with other mental
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health and psychiatric conditions (Bayle 2003). Pathological gambling has shown similar
patterns with the BIS as well as with the Zuckerman Sensation Seeking Scale;
pathological gamblers scored significantly higher for sensation seeking than patients with
other impulsive control disorders (Lejoyeux et al. 1998). Other disorders that have been
labelled as impulse control disorders, but with little to no scientific support, include
pyromania (deliberate and purposeful fire-setting on more than one occasion; Lindberg et
al. 2005) and trichotillomania (recurrent pulling of one’s hair resulting in pleasure and/or
gratification; Christensen & Mansueto 1999).
Impulsivity appears to also play a significant role in the development of many psychiatric
disorders, supported by both clinical and experimental evidence. Conditions such as
intermittent explosive disorder and personality disorders are classified as impulsive
control disorders (American Psychiatric Association 2013). In line with viewing
impulsivity as a multifaceted construct, different aspects of impulsivity likely contribute
to different conditions. For example, when children diagnosed with ADHD are assessed
with the SSRT task (described above), they show significantly slower response inhibition
times, if they are able to execute a “ no go” response at all, in comparison to unaffected
children (Nigg 1999; Purvis & Tannock 2000; Schachar & Logan 1990; Schachar et
al.1995).
Corresponding patterns have been investigated in schizophrenia research. Enticott et al.
(2008) measured self-reported impulsivity in patients with clinical schizophrenia using
the BIS, and found that subjects with this disorder showed significantly increased
attentional impulsivity, motor impulsivity, non-planning impulsivity, and total
impulsivity in comparison to controls. This study also examined schizophrenia patients’
performance on the SSRTT, and found that they presented with significantly increased
stop signal reaction times.
Patients diagnosed with personality disorders have also shown impulsive tendencies;
Antisocial Personality Disorder is related to failure to plan ahead and disregard of safety
of self and/or others, and Borderline Personality Disorder (BPD) is associated with
impulsivity in ways that are self-damaging, and inappropriate and with intense anger
(Evenden 1999). Goldstein et al. (1981) found that BPD patients were admitted
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significantly more frequently for loss of control or impending loss of control than control
groups. Impulsive self-harm in the form of eating disorders, substance abuse, and
promiscuity has also been found in patients with BPD (Coid et al. 1983). In a prospective
cohort study conducted by Links et al. (1999), BPD subjects were followed over a sevenyear period to determine whether impulsivity is a suitable predictor of persistence of BPD
and whether impulsivity is more predictive of the level of BPD than other factors. Results
from this study not only showed that impulsivity, as evaluated by blinded interviews
conducted by medical professionals, is not only highly predictive of BPD, but is also a
strong indicator of the stability and longevity of the condition.
In humans, a relationship between impulsivity and aggression appears to exist. There has
been some research to date that connects impulsive attributes to aggression behaviour.
Intermittent Explosive Disorder (IED) is characterized by discrete episodes of aggressive
impulses that result in serious assaultive acts towards people or destruction of property
(Olvera 2002). Diagnostic criteria for this condition include recurrent, frequent
incidences of aggression that are out of proportion to the provocation. This type of
aggression is not premeditated or linked to any other psychiatric condition (Coccarro et
al. 1998). Patients diagnosed with IED show higher scores for self-assessed impulsivity
using the Eysenck and Barratt impulsivity scales in comparison to a control group
(Coccarro et al. 1998). Impulsivity is also implicated in self-inflicted aggression and
suicide; suicidal adolescents score significantly higher on questionnaire-based
assessments of impulsivity in comparison to non-suicidal adolescents (Apter et al. 1989;
McGirr et al. 2007).
A difficulty in assessing the literature surrounding aggression and impulsivity, however,
is that the majority of studies fail to tease apart impulsive behavior and aggression,
instead viewing each of them as a solitary construct. This is problematic as it is important
to separate a resultant behaviour from a potential source of the behaviour, in this case to
separate aggression from its potential controlling factor, impulsivity (Wright 2008).
While the mechanisms of the relationship between impulsivity and aggression are
unclear, altered levels of the serotonin metabolite 5-HIAA appear to be associated with
impulsive-aggressive behaviour (Wright et al. 2011), which can be attributed to low brain
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serotonin turnover rate (Virkkunen et al. 1995). Serotonin appears to have an inverse
relationship with impulsive attributes: increased serotonin levels appear to be associated
with a decrease in impulsive choice (Poulos et al. 1996), and conversely, decreased
serotonin levels appear to increase impulsive choice (Wogar et al. 1993; Bizot et al.
1999). This dichotomy is supported in multiple species (Coccaro 1986; Brunner & Hen
1997; Soloff et al. 2000; Fairbanks et al. 2001). Decreased cerebrospinal fluid (CSF) 5HIAA was found in primates that exhibited impulsive aggression, social impulsivity, and
risk taking behaviour (Taub et al. 1994). Research by Soubrie et al. (1986) suggests that
serotonergic neurons are integral to behavioural suppression, further supporting the
relationship between altered levels of serotonin and its metabolite with impulsive
behaviours. In addition, Soubrie et al. (1986) have suggested that blocking serotonin
transmission causes a shift in behaviour that affects the conflict between employing or
restraining a response, and serotonergic neurons affect behavioural arousal and enable
organisms to tolerate a delay before acting. Results with humans in a delayed reward task
are in line with these results, and suggest serotonin plays a role in an individual’s ability
to tolerate a delay. Schweighofer et al. (2008) found an increased propensity to select
small reward choices and an increased rate of discounting delayed but larger reward in
their experimental low serotonin condition compared to control and high serotonin
condition groups; these results suggest that alteration in neurological function
Decreased levels of serotonin and related metabolites have also been associated with
aggression in humans and other species. For example, reduced levels of both serotonin
and 5-HIAA have been found in people who have committed premeditated violence
(Coccaro 1996), and in impulsive-classified individuals who have attempted suicide
(Asberg et al. 1976; Cremniter et al. 1999; Spreux-Varoquaux et al. 2001). Data collected
by Coccaro et al. (2002) also suggest that reduced serotonergic system function in
patients with psychiatric disorders is associated with dysregulation of impulse control,
and that this enhances the likelihood of self- and other- directed aggression. Van den
Burgh et al. (2006) investigated the relationship between two tests of impulsivity (a delay
aversion task and SSRT), and aggressive behaviour in male Wistar rats. To test for
aggression, rats were tested with the resident-intruder paradigm, which assesses territorial
aggression. Rats that showed slow go-trial response rates in the SSRT task, which is
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interpreted as being less impulsive, were less likely to display aggressive behaviour when
acting as the intruder, and rats that were less delay tolerant in the delayed reward task,
which is interpreted as being more impulsive, were more aggressive towards conspecifics
and more likely to injure their opponents than rats that were more delay tolerant. Delay
intolerant rats showed significantly more bites, fought more, and inflicted more wounds
on other rats. These results suggest that territorial aggression may be associated with a
tendency to respond prematurely and without forethought or foresight, and with inability
to see the consequences of their actions. Brunner & Hen (1997) came to a similar
conclusion when assessing territorial aggression in serotonin receptor knockout mice.
The mutated serotonin receptor induced motor impulsivity in the mice, which is in
accordance with the serotonin hypotheses made about the etiology about impulsive
behaviour. Receptor knockout mice showed increased territorial aggression toward an
unfamiliar intruder mouse, including more frequent attacks with shorter latencies than
wild-type mice. This again suggests that resource aggression may be associated with
premature behavioural responses to aversive stimuli and an inability to foresee future
consequences of one’s actions.
Implications of Impulsivity in Dogs
Impulsivity has the potential to play a role in the development of a number of behavioural
disorders in dogs. Dogs have shown evidence of inter-individual variability in
behavioural inhibition (Bray et al. 2014; Wright et al. 2012), tolerance for delayed
reinforcement (Wright et al. 2012), inattention and activity-impulsivity (Vas et al. 2007).
An example of the relationship between impulsivity and behavioural disorders can be
seen in Obsessive Compulsive Disorder (OCD); OCD manifests itself in dogs as
repetitive, stereotypic locomotive, grooming, ingestive, or hallucinogenic behaviours
(Overall and Dunham 2002). OCD can be described in terms of the dimensions of
compulsivity and impulsivity, with human OCD patients exhibiting impulsive-aggressive
symptoms (Stein 2000). Similar to impulsive behaviour, one proposed mechanism of
compulsive behaviour is serotonergic hypofunction (Barr et al. 1992).
Reisner et al. (1996) is one of the few studies to highlight the relationship between
impulse control and aggression in dogs. They found that the concentration of CSF 5	
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HIAA in dominant aggressive dogs was significantly lower in comparison to a nonaggressive control group. They also found that levels of 5-HIAA were lower in a
subgroup of aggressive dogs that had a history of biting without warning compared to
dogs that warned before acting. Peremans et al. (2003) also found that there was
increased serotonin uptake in dogs described as impulsive aggressive in an ownercompleted survey. These results support a relationship between impulse control and
aggression that parallels relationships in other species (Peremans et al. 2003).
It should be emphasized that there is a distinction between aggressive impulses and
aggressively acting out on said impulses. This supports the idea that aggression and
impulsivity are separate, but likely related, concepts (Plutchik and Van Praag 1995;
Wright 2008). Impulsive-aggression can be defined as “aggression related to inadequate
self-control or impaired impulse control” or “incapacity to delay an aggressive response”
(Plutchik & Van Praag 1995). Wright (2008) also emphasizes the importance of
recognizing that impulsivity can be independent of aggression and vice versa. For
example, two domestic dogs exposed to a threatening stimulus may both react with
aggression, but to different extents. One dog may employ a growl or bark, while the other
dog may snap at or bite the threat. The difference between the two dogs is not the
predisposition to be aggressive, as both exhibit aggressive tendencies, but the control the
animal has over the degree to which the behaviour is expressed, which relates to
impulsivity. The dog that exhibits a less severe form of aggression (growl/bark) may be
less impulsive than the dog that exhibits more severe aggressive behaviour (snap/bite).
The importance of separating impulsive traits from the behaviours that are associated
with them is therefore highlighted, emphasizing the need to first focus on underlying
impulsive tendencies to understand related behaviour problems.
The neurological components of impulsive behaviour in dogs seem to parallel those of
humans. Similar to human biology, monoamines appear to play an integral role in the
modulation of impulsive canine behaviour. Reisner et al. (1996) found an association
between CSF monoaminergic levels in dogs that demonstrated aggressive behaviour and
poor impulse inhibition in aggressive contexts. Impulsive aggressive dogs have also been
found to possess cortical serotonin 2A receptors (5-HT2A) with stronger affinities for a
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selective radioligand when compared to a control group, resulting in significantly
increased uptake of neural serotonin (Peremans et al. 2003). Similarly Wright et al.
(2012) found that dogs that received high impulsivity scores based on an ownercompleted survey had lower levels of 5-HIAA and 5-HIAA/homovanillic acid (dopamine
metabolite) ratios. These findings are in line with the inverse relationship between
monoamines and impulsive behaviour seen in humans and other animals, and validate a
non-invasive physiologic measure of impulsive behaviour (Wright et al. 2012).
Canine Socialization
Scott (1967) outlines a neonatal period focused on nutrition of puppies, followed by a
transition period at 2 weeks of age to adult sensory, motor and psychological capacities,
and then a socialization period at 3 weeks of age where the primary social relationships
are established with litter mates and people. The final juvenile period begins at 7-10
weeks, where the puppies become entirely independent of the mother and where
conclusion of growth and development of motor skills occurs (Scott 1967). Although
socialization is a healthy lifelong necessity in dogs, an integral window appears to exist
where young dogs become attached to conspecifics and other species and develop social
skills (Scott 1967; Serpell & Jagoe 1995). There is still debate over the exact timeframe
of the critical socialization period. Early research in this field suggested this period lies
between 2-14 weeks of age (Freedman1961). Freedman notes that it is during this time
that perceptual and motor development reach maturity, allowing for meaningful
interactions between puppies, other dogs and people. Other studies have identified
windows that are more narrow (5-12 weeks; Wright et al. 2004, 3.5-12 weeks; Fox &
Stelzner 1967), but an exact timeline has not been determined. Recent research also
suggests this period may vary based on breed; German Shepherd Dogs and Yorkshire
Terriers showed an earlier onset of adult patterns of fear-based avoidance behaviour in
comparison to Cavalier King Charles Spaniels, indicating the importance of a wide
variety of stimuli at an earlier stage than other breeds (Morrow et al. 2015). Dogs that do
not receive adequate socialization to conspecifics, humans, and new environments during
this critical period are considerably more likely to be incapable of forming appropriate
social bonds to either human beings or conspecifics (Draper 1976). Problematic
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behaviours resulting from poor socialization include aggressiveness towards people and
other dogs (Freedman 1961, Fox & Stelzner 1967), neophobia (Fuller 1966), poor
approachability (Hubrecht 1995), and poor trainability (Draper 1976).
Freedman (1961) focused on socialization to human beings during his identified 2-14
week period. He found that as the duration of time before interaction with humans
increased, puppies showed a decreased tendency to interact with humans, and that normal
human-dog relationships could not be formed if puppies were isolated beyond 14 weeks
of age. Fox and Stelzner (1967) compared groups of puppies each with different lengths
of isolation from littermates. Puppies that were hand raised and had no contact with other
puppies until 12 weeks of age showed the greatest deficits in social behaviour and
reactions to conspecifics. The hand-reared puppies were non-vocal, non-oral, nonaggressive, and passive with peers, but quickly became aggressive toward their peers
following their introduction and rarely engaged in group play. Another study examining
canine aggression by Roll and Unshelm (1997) found that 44% of dog-aggressive dogs
had zero to minimal socialization to conspecifics from 5 to 20 weeks of age, which
coincides with Fox and Stelzner’s (1967) findings. Puppies isolated from littermates,
humans, and other sensory input have shown freezing and creeping behaviour upon
removal from isolation, and quickly showed extreme hyperactivity to any stimulus, at
times with no stimulus present at all (Draper 1976; Melzack 1969). Dogs placed in
kennels immediately preceding the critical social period have also been shown to exhibit
poor sociability and poor response to training (Draper 1976). These results suggest a
puppy’s early social experiences can considerably impact its future behaviour and
response to various stimuli (Sanchez et al. 2001; Chapillon et al. 2002; Haug et al. 2008).
No work to date in dogs has attempted to make a connection between socialization, and
impulsivity and potentially aggression, despite the increasingly evident relationship
between these three constructs. Research to elucidate these relationships is necessary to
provide a foundation for mitigating pathological conditions associated with these
behaviours in dogs and other species.
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Thesis Rationale and Objectives
A number of studies suggest a causal link between impulsivity and psychological and
behavioural disorders in humans and in other mammalian species. A similar relationship
has been discussed, but not previously studied, in dogs. While there are many factors that
might influence canine impulsivity, research with rodents suggests early exposure to
social and environmental stimuli may play a significant role in the development of an
impulsive phenotype. Social isolation early in puppies’ lives, specifically during the
critical socialization period, has numerous negative effects on later behaviour including
aggression toward people and other dogs, neophobia, poor approachability, and poor
trainability. Many of these problem behaviours have been associated with impulsivity in
other species, but the effect of early socialization on impulsivity in dogs has not
previously been assessed. To begin to accurately assess the relationship between
socialization, impulsivity, and other resultant behaviours, it is important to first determine
the most valid and practical methods of measuring impulsive behaviour in dogs. A
number of different impulsivity constructs have been described, and multiple methods
have been developed for measuring various aspects of impulsive behaviour, but the
relationships between existing measures in dogs have not previously been assessed. Thus,
the aims of the research described in the current study were to assess the relationship
between various methods of measuring impulsivity in dogs to determine which are most
appropriate for use in future studies, and to apply the identified methods to determine the
relationship between early socialization and impulsivity in companion dogs.
The primary objectives of this research were:
1. To examine the relationship between the outcomes of the psychometric DIAS,
the delayed reward task, and the cylinder detour task in domestic dogs.
2. To determine whether early socialization, assessed through owner-reported
exposures to novel people, dogs, environments and other social experiences
up to one year of age, results in increased impulsivity in adulthood in
companion dogs, as measured by the DIAS, the delayed reward task, and the
cylinder detour task.
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CHAPTER TWO

A Comparison of Behavioural and Psychometric Assessments of
Impulsive Behaviour in the Domestic Dog (Canis familiaris)
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Abstract
Impulsivity is a multifaceted trait related to the level of control an individual has over
their behaviour. High impulsivity is characterized by increased urgency and sensation
seeking, and a lack of premeditation and perseverance. While impulsivity has been
suggested to contribute to canine behaviour problems such as aggression, no studies to
date have empirically assessed these relationships, partly due to the complexity of the
associated behaviour tests. Our objective was to compare the outcomes of three different
methods for assessing impulsivity in companion dogs: the conventional delayed reward
task was compared to the recently developed cylinder detour task and the Dog
Impulsivity Assessment Scale (DIAS), a validated psychometric assessment of
impulsivity in domestic dogs. Subjects were 35 healthy, companion dogs of various
breeds and ages that were boarding or attending daycare at a local kennel. For the delay
aversion task, dogs completed six sessions of six trials each in which they had to choose
between a small, immediate reward and a large, but increasingly delayed reward. For the
cylinder detour task, dogs completed three sessions of 10 trials in which they had to resist
approaching food behind a transparent barrier, instead selecting a detour to successfully
access the food. The DIAS required owners to rate their level of agreement with 18
statements regarding their dog’s situational behavioural tendencies. The average pass rate
in session 1 of the detour task showed a moderate, positive correlation with performance
on the delayed reward task when assessed using the area under the preference curve (r =
0.66, p < 0.05), but was not related to the calculated maximum delay increment the dog
was willing to tolerate (r = 0.037, p > 0.05). Neither the delayed reward task nor the
cylinder detour task was related to performance on the DIAS. This discrepancy between
outcomes suggests that the behaviours tests are examining a similar facet of impulsivity
in dogs, and that the detour task is a reasonable replacement for the complex and timeintensive delayed reward task, but that the DIAS is likely measuring a different facet of
impulsivity.
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Introduction
Impulsivity is a broad construct within personality, and has been widely assessed across
multiple species in a variety of disciplines (Evenden 1999). Impulsivity is multifaceted
and comprised of a variety of factors including poor response inhibition, inability to delay
gratification, impairments in time estimation, inappropriate action in a given context,
novelty seeking, and increased risk-taking (Buss & Plomin 1975; Patton et al. 1995;
Evenden 1999; Whiteside & Lynam 2001; Weafer et al. 2013). In humans, impulsivity
has also been linked to multiple psychopathologies including impulse control disorders,
such as Kleptomania (Goldman 1991), psychiatric disorders including Attention Deficit
Disorder (ADD, Purvis &Tannock 2000) Schizophrenia (Enticott et al. 2008), Borderline
Personality Disorder (Goldstein et al. 1981), and aggression (Coccaro et al. 1992, Olvera
et al. 2002).
Given the multi-faceted nature of impulsivity, it is difficult to develop a single method to
assess the full breadth of impulsive attributes. Instead, it is more common, and likely
more accurate, for each method of assessment to focus on a specific component of
impulsive behaviour. Psychometric assessments, (Eysenck 1993; Barrat 1994; Vas et al.
2007), behavioural testing (Carli et al. 1983; Logan 1994; Cardinal et al. 2001; Bray et al.
2014) and observational studies (Higley et al. 1994; Fairbanks et al. 1999; Votruba et al.
2008) are the primary methods used to measure impulsive behaviour. Extensive work has
been done to examine impulsive attributes in various species including humans (Solanto
et al. 2001), non-human primates (Fairbanks et al. 1999), rodents (Van den Bergh et al.
2006), and birds (Boogert et al. 2011), while recent research has begun to focus on dogs.
Recent research assessing impulsivity in dogs has included development of psychometric
assessments and adaptations of behaviour tests from other species. Vas et al. (2007)
adapted an ADHD assessment tool used in humans for use in companion dogs. The
adapted survey completed by owners showed internal validity and has questions which
relate to impulsivity. The Dog Impulsivity Assessment Scale (DIAS), a psychometric
method of assessing impulsive attributes in the domestic dog, requires owners to rate
their level of agreement with 18 statements related to their dog’s behaviour. Assessment
of the DIAS is based on both the overall score, as well as specific factors related to
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behavioural regulation, aggression and response to novelty, and responsiveness (Wright
et al. 2011). Behavioural assessments of impulsivity can be broadly described as
impulsive action tests that examine an individual’s inability to inhibit an already initiated
response, and impulsive choice tests that examine a subject’s decision-making process
(Winstanley et al. 2006). No impulsive action tests have been used to study companion
dogs to date. However, two tests of impulsive choice have been conducted. One is the
cylinder detour task, which is described as a measure of inhibitory control (Bray et al.
2014). Forms of the detour task have been used successfully in other species (Diamond
1990; Santos et al. 1999; Vlamings et al. 2010; Boogert et al. 2011), and it was recently
adapted for use with dogs (Bray et al. 2014). In brief, dogs are required to resist
approaching a treat visible behind a transparent barrier in favor of accessing the treat
from either one of two side detours. The delayed reward task is another impulsive choice
test, also described as a measure of behavioural inhibition. It has been used extensively as
a measure of behavioural control in a variety of species including humans (Shoda et al.
1990; Schweigofer et al. 2008), rodents (Wogar et al. 1993; Evenden & Ryan 1996;
Mobini et al.2000; Van den Bergh 2006), and monkeys (Richardson et al. 1986), and
more recently adapted for use in dogs (Wright et al. 2012). Subjects are required to
decide between either a small and immediate reward or a large but delayed reward, with
impulsivity reflected by the selection of the small/immediate reward (Ainslie 1975;
Logue 1988).
While different measures of impulsivity have been used with dogs, the relationship
between these methods is not fully understood. Wright et al. (2012) validated results from
the DIAS by comparing responses to performance on the delayed reward task in dogs; the
overall questionnaire score and behavioural regulation factor of the DIAS showed a
significant negative correlation with the maximum delay tolerated on the delayed reward
task. However, neither the DIAS nor the delayed reward task has been compared to the
detour task to date. Thus, the first objective of this study was to conduct a three-way
comparison between the cylinder detour task, the delayed reward task, and the DIAS to
determine whether responses are related and likely to be measuring similar facets of
impulsivity. Both behaviour tests assess impulsive choice and are designed to measure
behavioural inhibition, and we hypothesized that performance on the two tasks would be
	
  
	
  

49	
  

	
  

positively correlated. Based on previous results comparing DIAS score and delayed
reward performance, we also hypothesized that performance on the delayed reward task
and the cylinder detour task would be negatively correlated with the overall questionnaire
score and behavioural regulation factor score.
Multiple external factors have been associated with increased impulsivity in other
species, but factors that influence the development of impulsive behaviour in the dog
have not yet been investigated. Rodent research indicates that social isolation in the postweaning period influences behaviours such as novelty seeking (Gentsch et al. 1988), and
the inability to ignore or suppress irrelevant stimuli (Feldon & Weiner 1992), which
parallels facets of impulsive behaviour. Another factor that has been suggested to
increase impulsive behaviour is early life trauma; childhood trauma showed a strong
correlation to impulsivity in adult cocaine addicts after controlling for confounders,
which suggests impulsive behaviour may be a pathologic response to early traumatic
events (Narvaez et al. 2012). Further investigation of factors that may influence
development of canine impulsivity is necessary to better understand any relationships.
Therefore, the second objective of this study was to examine the effects of demographics
and early experience, including socialization, on the ability to perform the behaviour
tasks.
Methods
Recruitment, Owner Consent, and Demographic Survey
Subjects were healthy dogs ranging from 6 months to 13 years of age recruited while
attending a local kennel (Countryside Boarding, Grooming and Doggie Daycare,
Kitchener, Ontario) for either boarding or daycare (Appendix A.1). Prior to testing,
owners were provided with a verbal description of the behaviour test and FAQ handouts
were available (Appendix A.4). All owners were required to sign an informed consent
form (Appendix A.3). Primary owners also completed a mandatory questionnaire, either
in person or online (Appendix A.2) for the dog that included health, safety (vaccination
status, previous history of aggression) and demographic information (Appendix A.5). The
questionnaire covered information including breed, age, sex, neuter status, health status
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and social history from the time of ownership to 1 year of age. This survey was
developed by our lab for the purposes of this study, and was piloted prior to its use.
Dogs’ size classifications were based on information published by the American Kennel
Club (American Kennel Club, 2015). Dogs were excluded from further participation if
they were not food motivated, not up to date on vaccinations (rabies, distemper,
adenovirus, parainfluenza and parvovirus), had an ongoing health concern that might
influence performance during testing, or had a previous history of aggression toward
unfamiliar people. Thirty-five dogs met the inclusion requirements and were enrolled in
the study.
Environmental Exposures
The number and frequency of exposures to new people, dogs, and environments were
reported by the owner on a numeric interval scale for the ≤12 week age period, and the
>12 week to ≤1 year age period, separately and responses were then converted to a
numerical score as seen in Table 1. Cumulative socialization scores (SS) for dogs, people
and environments were reported for the two age periods, with a maximum possible score
of 24 for ≤12 weeks of age and 48 for >12 week to ≤1 year of age. Increases in score
indicated more frequent exposures to new stimuli.
Dog Impulsivity Assessment Scale (DIAS)
Owners were asked to complete the Dog Impulsivity Assessment Survey (DIAS)
developed and validated by Wright et al. (2011) (Appendix A.6). The DIAS is an ownerissued psychometric assessment of impulsive attributes in dogs. Owners were required to
rate their level of agreement with 18 statements about their dog’s situational behavioural
tendencies. Instructions were included at the top of the page and owners were provided
with verbal instruction if the DIAS was completed at the kennel. Owners also had the
option of completing the DIAS online via Fluidsurveys™.
Each of the 18 items on the DIAS was presented in Likert scale format, and responses
were scored on a 5-point scale ranging from 1 (strongly agree) to 5 (strongly disagree). A
“don’t know / not applicable” option was also provided, and if the owner selected this
option the question was removed from further analyses for that individual dog. The 18
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items on the scale can be organized and reduced to three personality factors established
through principal components analysis by Wright et al. (2011): Behavioural Regulation,
Aggression and Response to Novelty, and Responsiveness. An overall questionnaire
score (OQS) was also calculated encompassing all 18 questionnaire items.
Behaviour Tests
Testing was conducted at the local kennel where recruitment occurred. All dogs were
naïve to the testing room and the two researchers conducting tests. Individual training and
testing sessions with each dog did not exceed one hour for either task. Training and
testing took place from June to August 2014.
1. Cylinder Detour Task
Apparatus
The protocol for the Cylinder Detour Task was based on the procedure used by Bray et
al. (2014). Two 30 cm x 30cm square Plexiglas boxes were constructed that were open on
the left and right sides. One box had an opaque front, the other a transparent front. During
training and testing the dog was restrained on-leash and a single treat was placed in the
centre of the box. The box was raised during sessions to align with the dog’s muzzle
height for ease of access to the treat. A failure line the width of the box was placed on
the floor 7.5 cm in front of the apparatus. If this line was crossed by any part of the dog’s
body before accessing the treat, the trial was counted as a failure.
Procedure
All dogs were trained to use the apparatus and complete the task within one session of
approximately 20 min. The box with an opaque front was used for training sessions.
During training the dog was taught to access the treat from the sides of the opaque faced
box. The handler was located 1 m away from the apparatus. During training and testing
the dog was handled on a 1.8 m leash. Another researcher stood behind the box. The
researcher located behind the apparatus began both training and testing trials by calling
the dog’s name, showing the dog the treat and saying “look”, placing the treat in the
centre of the box and repeating “look”, followed by “okay”, which signalled the handler
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to release the dog’s leash and allow the dog to access the treat while the handler remained
stationary. To proceed to the testing portion of the task, the dog had to successfully
access the treat from the left or right side openings of the box without crossing the failure
line in front of the front face of the box in four successive training trials. Each trial had to
be completed by the dog within 30 seconds of being given the “okay” signal or the trial
was terminated and repeated.
The testing procedure was identical to the training procedure, except that the opaque box
was replaced with the transparent box so the treat was visible once placed in the box. In
order to pass a testing trial the dog had to access the treat from either opening on the sides
of the box, and resist crossing the failure line to approach the visible treat from the front.
Each dog completed three successive sessions of 10 trials. The side of the apparatus
through which the treat was placed alternated with each trial. All testing sessions were
video recorded (Sony Handycam HDR CX 220) for later analysis.
Scoring
Performance on testing sessions was coded by a single observer from the video
recordings of the task. If the dog approached within 7.5 cm of the front of the apparatus
while attempting to retrieve the treat, the individual trial was scored as a fail. A pass
percentage (PP) over all trials was determined for each dog for each of the three testing
sessions.
2. Delayed Reward Task
Apparatus
A custom-built test apparatus was used for this experiment (Figure 1; CanCog
Technologies, Fergus, CA). As configured for the current experiment, the apparatus had
two food wells positioned on either side of the front that delivered wet food (A/D Diet
Canine, Hill's Pet Nutrition). When the dog correctly performed either a muzzle press to
one of two circular discs, or a paw press to one of two levers, food was delivered.
Automatic delivery from two connected syringe pumps (NE-1010 Farmingdale, NY) was
mediated by a switch board that allowed precise control of both the volume of food
dispensed and the time delay between a correct response and food delivery. The small
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and large rewards consisted of 0.1ml and 0.4 ml of wet food, respectively. This ratio has
been found to be distinguishable by dogs in previous research (Smuts et al. 2006). The
delay between a correct response and food delivery ranged from 0 s to 10 s and varied
across trials, as described below.
Procedure
Dogs progressed through a series of four training phases completed over a maximum of
four sessions lasting a maximum of 30 min. In the first training phase, dogs were shaped
to press their muzzle to a circular disc or to complete a paw press against a lever. For
later training phases dogs were trained using either the muzzle discs or a foot lever to
respond, depending on their success with each during the first phase of training.
During the second phase dogs were trained to respond using both the left and right hand
sides of the device, and responses were encouraged by providing verbal commands and
pointing at the muzzle discs or foot lever. Dogs were only presented with one side option
at a time, and food volumes on both sides were 0.1 ml. In the third phase, dogs were
presented with both the left and right options at the same time, but still with equivalent
food volumes and verbal and pointing instruction. In the fourth phase, dogs were
presented with both the left and right side options at the same time, but the food volume
ratio between the two sides was changed to 1:4 so that the dog learned to associate one
side with the small food reward and the alternate side with a large food reward. The sides
associated with the small and large reward remained constant for each dog, but alternated
randomly between subjects. Once the dog made their selection and the food was
dispensed and consumed, the handler returned the dog to the start position to begin
another trial. In this phase, dogs were only allowed to select one option per trial. Training
phase 4 continued until the dog could start the task at least six times without the
researchers pointing or verbally directing the dog to the foot pedal or muzzle disc.
Testing occurred over six blocks with six repetitions in each block, for a total of 36 test
trials. The time the dog was required to wait for the large reward within a block
progressively increased by 2 s for each successive block (0, 2, 4, 6, 8, 10 s), while the
immediate reward option remained constant at a delay of 0 s. To ensure dogs had
	
  
	
  

54	
  

	
  

experience with both options at each delay, each testing block began with four
preliminary forced trials, with the immediate and delayed reward option each presented
individually twice in random order. At the beginning of each trial, the dog was located 1
m away from the machine on a leash and controlled by a handler. The researcher called
the dog’s name, and then gave the dog the “okay” command, at which time the dog
approached the apparatus and made their selection. Once the dog ate the food dispensed,
the handler returned the dog to the starting position to begin the next trial.
Scoring
All testing sessions were video recorded for later analysis by the first author. The number
of times the large reward was selected within each of the six blocks was recorded. From
these values, maximum delay (MaxD3) was defined as the largest delay tolerated, based
on the dog selecting the delay option (large reward) for three or more of the six test trials
within a specific delay block. For example, if the dog selected the delayed reward over
the immediate reward for at least 3 of 6 trials for the 6 s block, but only selected the
delayed reward in 0, 1, or 2 trials for the 8 s or 10 s blocks their MaxD3 would be
calculated as 6 s. MaxD1 and MaxD2 were also determined for each dog for choosing the
delayed reward in 1/6 and 2/6 trials for each of the six testing blocks. Maximum delays
tolerated were not determined above 3 of 6 trials because less than half of the dogs that
completed this task opted for the delayed reward four or more times beyond the 4 s
testing block.
In addition, the overall number of trials in which the large reward was selected was
calculated for each block, and then summed across all blocks and expressed as a
proportion summed across all blocks. This variable, termed the delayed reward selection
fraction (DRSF), summarized the overall performance of each dog across all levels of
delay.
Four dogs were removed from analysis because their performance on the Delayed
Reward Task for the 0 s block suggested they were not able to discriminate between the
small and large food reward volumes. Specifically, they failed to preferentially select the
large reward over the small reward when both were delivered immediately.
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Statistics
Data were recorded into an Excel (Microsoft Excel 2010, Microsoft, Redmond, WA)
spreadsheet on a password protected computer. SAS (version 9.2, SAS Institute Inc.,
Cary, NC) statistical software package was used for all data analyses. Each variable was
tested for a normal distribution using the Kolmogorov Smirnov test. Correlations between
the DIAS and outcome variables from the two behaviour tests were determined using
Pearson’s correlation. The DRSF value was logit transformed in order to make the data
more linear given its binomial nature. Therefore, when conducting correlations with the
DRSF, a Spearman’s rank correlation was used. Independent two-tailed t-tests were used
to compare the socialization scores between the subsets of dogs that completed both
behaviour tests, completed one behaviour test, or could not be trained to complete either
test. The relationship between age and the ability to complete behaviour tasks was
assessed using a Mann Whitney U test because the age variable was deemed not normal.
The relationship between size and neuter status and the ability to complete tasks was
assessed using a Fisher’s exact test. Results were considered significant at α < 0.05.	
  
Ethical Considerations
The study was conducted in accordance with institutional and federal guidelines for the
care and use of animals in research and was approved by the Animal Care Committee at
the University of Guelph (AUP #1585).
Results
Demographics
Thirty-five dogs were recruited for participation in the study, and varied in terms of
breed, age, and sex (Table 2). Participants included both pure (n = 23, 65.71%) and
mixed (n = 12, 34.29%) breeds. The mean age of subjects was 4.5 years (min = 6 months,
max = 13). Only spayed female (n = 17, 48.57%) and neutered male (n = 18, 51.43%)
dogs were successfully recruited. The average socialization scores for the ≤12 weeks and
≤1 year age periods were 12.7/24 and 28.9/48, respectively.
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Dogs also varied in their success at learning the two behaviour tasks (Table 2). Twentyseven dogs (77 %) were successfully trained and tested on the cylinder detour task, while
eighteen dogs were successfully trained and tested on the delayed reward task (51 %).
Eight dogs were unable to be trained to either the cylinder detour or delayed reward tasks
due to issues identified during training sessions (lack of food motivation [1 dog], unable
to focus [5 dogs], exhibition of fear behaviours [2 dogs]).
There was no relationship between age, sex, or size on dogs’ ability to complete either
behaviour test. However, as shown in Figure 2, dogs that completed both behaviour tests
had higher socialization scores compared to dogs that could not complete either
behaviour test for both the ≤12 week period (p = 0.0013) and the ≤1 year period ( p <
0.0001). There were also differences in socialization scores for the ≤1 year period
between dogs that completed only the cylinder detour task, and dogs that completed
either both (p = 0.0179) or neither behaviour test ( p = 0.0375). However, these
differences were not found to be significantly different for socialization scores for the
≤12 week period.
Dog Impulsivity Assessment Scale
The mean, maximum, and minimum values for each of the four variables determined
from the DIAS are reported in Table 3.
Detour Task
The mean pass percentage for each of the three cylinder detour sessions increased across
successive sessions (Figure 3). The pass percentage of the first detour session was
significantly lower than both the second ( p = 0.0012) and third detour session (p =
0.0011). The second and third sessions did not differ significantly (p = 0.43). Detour
sessions two and three were eliminated from further analysis as it was evident that dogs
had learned to perform better on the task after completing one session and further
repetitions of the task were no longer a pure assessment of impulsivity.
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Delayed Reward task
The number of dogs willing to tolerate the maximum delay presented in the delayed
reward task decreased as the performance requirements increased from MaxD1 to
MaxD3 (Table 4). The greatest degree of variation in scores across dogs was observed for
MaxD3, as indicated by larger standard error values. As a result, individual MaxD3 was
used to represent the maximum delay tolerated in comparison with other variables in the
delayed reward task, cylinder detour task, and DIAS. The mean DRSF for all trials was
21.2 (min = 12, max = 32, SE = 0.052). There was a significant correlation between
MaxD3 and DSRF (Table 5).
Comparison of Tests of Impulsivity
There was a significant positive correlation between the delayed reward task when
expressed through the summary variable DSRF and the cylinder detour task (PP1) (Table
5). However, there was no relationship between MaxD and PPI regardless of the cut-off
(1/6, 2/6, 3/6) used to determine maximum delay. Neither the cylinder detour task nor the
delayed reward task showed a significant relationship with the DIAS, either for the OQS
or any individual factors.
Discussion
Results of the current study indicate a significant positive relationship between dogs’
performance on the delayed reward task, based on DSRF, and the cylinder detour task.
Two possible conclusions can be drawn from this result. First, both tasks may be
measuring a similar facet of impulsive behaviour. Alternatively, the tests may be
measuring different facets of impulsive behaviour that are not directly related but are
correlated. Both tasks are measures of impulsive choice, and include components of both
behavioural regulation, in terms of the participant needing to inhibit a response, and delay
aversion, as the less impulsive choice results in a perceived delay in achieving a reward.
These commonalities suggest the two tasks are measuring similar facets of impulsivity.
However, the tasks differ in their emphasis, which may explain variation unaccounted for
in the current comparisons. The delayed reward task primarily examines a subject’s
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tolerance to a delay, assessed by their willingness to wait for a delayed but larger reward.
In contrast, the cylinder detour task places greater focus on ability to inhibit an immediate
response - attempting to grab the treat through the front face. Differentiation between
these two facets of impulsivity is supported in other research. Solanto et al. (2001)
compared the stop signal reaction task, which examines only response inhibition, and a
delayed reward task, and found that inhibitory deficits and delay sensitivity did not
correlate, and described delay aversion as a broad characteristic of which one finite
component is inhibitory control. Dalen et al. (2004) found a similar correlational
discrepancy between these facets when examining the performance of young children
with ADHD on a battery of inhibition and delay tasks. They suggest separate and
independent neurobiological origins of inhibition and delay tolerance. Regardless of
whether there is a direct or indirect relationship between the facets of impulsive
behaviour being measured, correlation between the two tasks studied here suggests the
cylinder detour task is a suitable proxy for performance on the delayed reward task. The
cylinder detour task is a much simpler task to train and test, which means testing can be
completed more quickly and with higher completion rates in comparison to the delayed
reward task.
In contrast to the positive relationship observed between the tests, we did not observe a
significant correlation between the behaviour tests and any factors of the DIAS. This was
somewhat surprising, particularly for the delayed reward task, given that a previous study
demonstrated a significant negative relationship between a variation of the delayed
reward task and the DIAS (Wright et al. 2012). Specifically, Wright and colleagues
(2012) found the maximum delay tolerated by a dog to be inversely and significantly
correlated with both the Overall Questionnaire Score and the behavioural regulation
factor score of the DIAS. This discrepancy may be in part attributed to use of different
methodologies in conducting the delayed reward task between the two studies.
The methodology for the delayed reward task in this study mapped closely onto designs
previously used with rodent models of impulsivity (Van den Burgh et al. 2006; Cardinal
et al. 2000). In the current study, maximum possible delay was limited to 10 s, but
consistency of response at each level was assessed over multiple trials for each delay
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block, which allowed calculation of the DSRF. The DSRF variable in the current study
may be comparable to the area under the curve measurements used in the rodent literature
(Cardinal et al. 2000; Myerson et al. 2001;Van den Bergh et al. 2006). In contrast, Wright
et al. (2012) had no ceiling on the delay dogs were able to wait for the large reward, but
were only tested at each level for two trials before progressing to the next level. Testing
stopped if they failed to choose the delayed reward for both of these trials. The responses
were not limited to the 10 s maximum and had a greater range of possible responses, but
the authors were only able to calculate a point response for the maximum delay tolerated
without the potential for assessing consistency across a number of trials at each level.
In the current study, neither MaxD3 nor DSRF was correlated with OQS or the
Behavioural Regulation factor of the DIAS, suggesting these modes of measurement are
assessing different facets of impulsivity. This was surprising given the DIAS was
previously validated with the delayed reward task and physiologically correlated by
Wright et al. (2012). The difference in methodology used in this study, particularly the
ceiling imposed on the maximum delay, may be responsible for the discrepancy.
However, only one-third of the dogs had a MaxD3 of 10 seconds. This decreases the
likelihood that the ceiling imposed on maximum delay tolerated is the cause of the
discrepancy. This was also the first time the DIAS was used outside the UK; Canadian
owners’ interpretations of the DIAS questions may have differed from UK participants,
potentially contributing to the lack of relationship between the DIAS and the delayed
reward task. Human studies suggest a similar lack of relationship between behavioural
and psychometric assessments. Dolan et al. (2004) found the relationship between the
Barratt Impulsivity Scale (Barratt 1994) and behavioural tests, including a delayed
reward task, did not correlate significantly in a personality disordered population. Similar
trends in the relationship between psychometric and behavioural assessments have also
been found in healthy populations (Parker & Bagby 1993, 1997). The results of this
study, when combined with results seen in the human literature support the conclusion
that the DIAS, cylinder detour task, and delayed reward task are measuring different
facets of impulsivity.
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In this study there was also a correlation between DRSF and MaxD3 of the delayed
reward task, which might be expected given that their measurements are inherently
similar. However, while the DRSF showed a strong positive correlation with PP1 of the
cylinder detour task, MaxD3 did not. This type of relationship between three variables is
not unheard of; positive Pearson correlations are only transitive in restrictive
circumstances where the sum of the squared correlations is larger than 1 (Langford et al.
2001). The conditions necessary to meet this requirement are correlations greater than
0.7, which are rarely observed in behavioural studies (Vesaliusstraat et al. 2007). Thus,
the lack of correlation may be a testament to this mathematical relationship rather than a
discrepancy in the relationship between delayed reward task and cylinder detour tasks.
The degree of socialization a dog experiences up to their first year of life appears to be
related to their ability to learn and complete behavioural tests of impulsivity in the kennel
environment. Previous studies have described an early critical period during which
puppies become attached to conspecifics and other species, develop social skills, and
become familiar with varying environments (Scott 1963; Serpell and Jagoe 1995; Draper
1976). It is evident that a puppy’s early social experiences can considerably impact its
future behaviour and how the dog reacts to various stimuli (Haug et al. 2008; Sanchez et
al. 2001; Chapillon et al. 2002). Dogs that do not receive adequate socialization during
this critical period are considerably more likely to exhibit problematic behaviours such as
aggression toward people and other dogs (Haug et al. 2008), neophobia (Haug et al.
2008), poor approachability (Hubrecht 1995), and poor trainability (Draper 1976). All of
these may have affected dogs’ ability to be trained for behaviour tests.
The effect of socialization on ability to complete the tasks was particularly pronounced
for the < 1 year time period, with less of an effect for the <12 week critical period, where
we would expect the greatest effects. This may have been partly due to inaccurate owner
recall for the earlier, shorter time-frame. We are also unable to account for the dogs'
experiences while they were still with the breeder. Also, the kennel environment used to
test dogs had features that may have been problematic for dogs that were inadequately
socialized. The testing room and the experimenters were naïve for all of the dogs, and the
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owner was always absent during training and testing. A variety of auditory stimuli were
present during training and testing of all dogs, including telephones, grooming tools, and
human and dog traffic. These conditions may have had negative effects on some dogs’
ability to focus if they had had infrequent previous exposure to similar stimuli.
Regardless, our results suggest poorly socialized dogs are unlikely to be adequately
represented in studies involving complex behaviour tests. This may bias results such that
they do not reflect the entire companion dog population.
This study’s subject profile allows findings to be considered in the context of the typical
domestic dog. Although no intact males or females were included, previous studies
suggested that neuter status did not have a significant effect on impulsivity (Lit et al.
2010, Wright et al. 2011). Additionally, 83% of owned dogs are neutered in the U.S
(ASPCA 2015), which is a comparable population to Ontario, suggesting our sample is
broadly representative of the general population. The completion rate of the delayed
reward task was also similar to previous studies, with 51% for the current study and 58%
for that of Wright et al. (2012). Similar to Wright et al. (2012), age, sex, and size did not
have a significant effect on delayed reward test completion.
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Table 2.1. Demographics Survey scoring conversion.
Variable

Exposures to new

Score (/4)
0

1

2

3

4

0

1-5

6-10

11-20

21+

0

1/month

1/2

1/week

>1/week

dogs/people/environments
Frequency of exposures

weeks
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Table 2.2. Demographic information for participant dogs.
Name
Breed
Sex ≤12
≤1
Age
(years)
week SS Year SS

DET

DR DIAS

Bailey
Bayley
Bruce
Caezar
Caliber
Carly
Cooper
Coquette
Daisy
Dallas
Duchess
Emma
Finnegan
Fluffy
Harley B.
Harley R.
Henry
Hitch
Holly
Hugo
Izzy
Jerry
Koda
Luna
Mik
Millie
Mogley
Napolean

0.6
7
3
5
2
2
1
13
7
1
9
2
0.5
7
4
2
11
1
11
2
2
4
2
9
4
8
-

Pepper
Puschia
Ruby
Sadie
Saint
Scout
Tala

1
2
10
2
7
3
3

Labrador Retriever
Mixed
Labrador Retriever
Golden Retriever
Akita
Mixed
Mixed
Mixed
Mixed
Border Collie
Doberman
Golden Retriever
Mixed
Mixed
Blue Heeler
Mixed
Labrador Retriever
Siberian Husky
English Bulldog
Pug
Mixed
Mixed
Alaskan Malamute
Weimaraner
Irish Terrier
Labrador Retriever
Mixed
Old English Sheep
Dog
Beagle
Mixed
Pug
Standard Poodle
Great Dane
Border Collie
Siberian Husky

FF
FF
NM
NM
NM
FF
NM
FF
FF
NM
FF
FF
NM
NM
NM
NM
NM
NM
FF
NM
FF
NM
NM
FF
NM
FF
NM
NM

11
2
8
14
20
20
19
2
3
24
24
18
21
21
5
17
17
12
8
9
16
14
17
13
4
3
2

24
15
17
31
36
44
42
4
9
48
48
42
42
43
26
34
33
35
17
15
32
31
41
27
19
10
19

Y
Y
N
Y
Y
Y
Y
Y
Y
N
Y
Y
Y
Y
Y
Y
Y
N
Y
N
N
Y
Y
Y
Y
Y
N
N

Y
N
N
Y
Y
Y
Y
Y
N
N
Y
Y
Y
Y
Y
N
Y
N
Y
N
N
N
Y
N
N
Y
N
N

Y
Y
Y
N
N
Y
N
Y
Y
Y
Y
Y
Y
N
Y
Y
Y
Y
Y
Y
Y
Y
N
Y
Y
Y
Y
Y

FF
FF
FF
FF
NM
FF
FF

21
4
14
3
14
7
19

39
4
29
27
31
27
38

Y
N
Y
Y
Y
Y
Y

Y
N
N
Y
N
Y
Y

N
N
N
Y
Y
Y
N

Note. Demographic information for participant dogs from the demographics survey
completed by clients of Countryside Boarding, Grooming, and Doggie Daycare from
June 2014 to August 2014. Information collected included participant name, age, breed
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(as classified by the owner), sex and neuter status ( [FF] fixed female or [NM] neutered
male), ≤12weekSS (≤12 weeks of age socialization score ), ≤1yearSS ( > 12 weeks to ≤1
year of age socialization score), and DET(completion status for the cylinder detour task ),
DR (delayed reward task), and DIAS ((Y) yes or (N) no).
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Table 2.3. Mean, maximum and minimum values from the owner-completed Dog
Impulsivity Assessment Scale.
Variable

Mean

CI

Minimum

Maximum

Overall Questionnaire Score

0.59

0.55-0.63 0.42

0.77

Factor 1-Behavioural Regulation 0.54

0.51-0.63 0.42

0.90

Factor 2-Aggression

0.37

0.33-0.41 0.20

0.52

Factor 3-Response to Novelty

0.72

0.68-0.76 0.56

1.00

Note. Scores were obtained from the Dog Impulsivity Assessment Scale completed by
owners that were clients at Countryside Boarding, Grooming, and Doggie Daycare.
Scores for each dog are summated and divided by the number of questions answered to
generate values comparable between each dog.
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Table 2.4. Maximum delay (MaxD) tolerated by dogs in the Delayed Reward task.
MaxD Cut-off Number of dogs to reach 10s

Maximum

Minimum

Mean

SE

MaxD1

11

10

4

9.2

0.52

MaxD2

9

10

4

8.3

0.67

MaxD3

5

10

2

7.2

0.74

Note. Maximum Delay (1/2/3) was determined by delay increment at which dogs opted
for the large but delayed reward 1, 2, or 3 out of 6 trials.
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Table 2.5. Correlations between dogs’ performance on the cylinder detour task and
delayed reward task.
PP1
PP1

DRSF†

MaxD3

1

MaxD(3/6)

	
  

0.2604

1

p = 0.3486
†

DRSF

0.6679

0.7037

p = 0.0065**

P = 0.0034**

1

Note. PP1= Pass Percentage on the cylinder detour task in session 1, MaxD= Maximum
delay tolerated in the delayed reward task, DRSF = Delayed reward selection fraction.
Spearman’s correlations were conducted when the DRSF variable was involved.
†

Spearman’s correlation
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Figure 2.1. Testing apparatus for the delayed reward task.
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***	
  

45

	
  

*	
  

	
  

40

Socialization Score

35

*	
  

**	
  

30
DET+DR

25

DET

20

None

15
10
5
0
≤12 weeks

≤1 year

Figure 2.2. Mean (± SE) socialization scores for the ≤12 week and > 12 weeks to
≤1 year age periods by behaviour test completion.
* p<0.05 **p<0.005 ***p<0.001

Note. Data were derived from the demographics questionnaire. Bars are divided by
completion of the cylinder detour task and delayed reward task (DET+DR), only the
cylinder detour task (DET), and completion of neither task (None).
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Figure 2.3. Mean (± SE) pass percentage by session of dogs that completed the cylinder
detour task.
*p<0.05
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CHAPTER THREE
Relationship between Early Socialization and Impulsivity in the Domestic Dog

Prepared in the style of Animal Behavuour
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Abstract
Appropriate socialization to people, dogs and environmental stimuli is widely suggested
to be essential for the normal behavioural development of puppies. Studies show that
puppies that do not receive adequate exposure during the early socialization period
(approximately 3-14 weeks of age) exhibit fear, avoidance, and aggression toward stimuli
to which they were not exposed. In addition, research in other species suggests isolation
from conspecifics and humans during post-weaning results in abnormal behaviours
related to impulsivity. The objective of this study was to determine whether social
exposure during the socialization period affected impulsivity in juvenile and adult dogs.
An impulsive choice test, the cylinder detour task, was conducted in-home with
companion dogs aged 5 months to 13 years. Testing was completed with owners present,
but they did not assist with testing. In the cylinder detour task, dogs were trained to
access a treat from the open ends of an opaque cylinder. They were then tested in two sets
of 10 trials using a transparent cylinder, and were scored for successfully obtaining the
treat from the open ends (pass) versus attempting to do so directly through the closed
front of the cylinder (fail). High (n=14) and low (n=17) socialized dogs were recruited
based on the number and frequency of exposures to people, dogs, and unique
environments in the first 12 weeks of life. Additional information about the dog’s social
history in the first year of life was also collected using an owner-completed
questionnaire. Owners also completed the previously validated Dog Impulsivity
Assessment Scale (DIAS). Detour performance and DIAS scores were compared between
high and low socialized dogs using an independent t-test.
High socialized dogs had a higher pass percentage on the cylinder detour task compared
to the low socialized group (p = 0.03), and also had significantly lower overall
questionnaire scores on the DIAS, indicative of lower impulsive tendencies (p = 0.014).
However, correlation between the cylinder detour task and DIAS was not significant,
suggesting these assessments may be examining different facets of impulsive behaviour.
Generalized linear models were developed using backwards stepwise elimination and
incorporating social factors collected via the socialization questionnaire, with average
pass percentage on the cylinder detour task, Overall Questionnaire Score (DIAS), and
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Factor 1-Behavioural Regulation (DIAS) as the outcomes of interest. Based on these
models, social factors in the first 12 weeks of life including frequency in canine group
settings, attendance at puppy class and time home alone per day appear to significantly
associated with impulsive behaviour. These results suggest socialization early in a
puppy’s life may have a significant impact on development of impulsive attributes in the
dog as an adult.
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Introduction
Impulsivity is a multifaceted and broad construct, and has been widely assessed across
multiple species in a variety of disciplines (Evenden 1999). It is comprised of a variety of
factors including poor response inhibition, an inability to delay gratification, impairments
in time estimation, inappropriate action in a given context, novelty seeking, and increased
risk-taking (Buss and Plomin 1975; Patton et al. 1995; Evenden 1999; Whiteside and
Lynam 2001; Weafer et al. 2013). Impulsivity has been linked in humans and other
species to a variety of undesirable behaviours such as attention deficit disorder
(Winstanley et al. 2006), aggression (Van den Bergh 2006), and other impulse control
disorders (Bayle 2003; Lejoyeux et al. 1998). It is of particular interest in companion
dogs due to a possible role in the development of behaviour problems such as aggression
(Reisner et al. 1996).
There are a number of factors that might influence the level of impulsivity shown by an
individual such as genetics (Pederson et al. 1988; Niv et al. 2012), and early life
psychosocial deprivation (Rutter 1999; Chugani et al. 2001). One factor that is
particularly relevant to companion dogs is early social exposure, which is thought to be
important to the prevention of neophobia and fear and aggression towards other dogs and
people (Draper 1976). Previous research in rats has shown that post-weaning social
isolation results in impulsive behaviour and other behavioural and cognitive changes.
Both Perry et al. (2009) and Garcia and Kirkpatrick (2013) examined impulsive
behaviour in rats reared in socially isolated conditions during the post-weaning period,
and found that the isolated rats were less delay tolerant on a delayed reward task than rats
housed in an enriched environment. Post-weaning isolation in rats has also been found to
result in higher levels of impulsive action as displayed by increased errors on a fivechoice serial reaction time task (Baarendse et al. 2013). In addition, a number of
behaviour changes that are related to other components of impulsivity have been found to
occur with early social isolation in rodents. For example, early social isolation results in a
decreased ability to focus on salient stimuli (Feldon and Weiner 1992; Han et al. 2012),
and hyperactivity (Gentsch et al. 1988, 1982a,1982b; Sahakian et al. 1977; Varty et al.
2000), as well as alterations in social behaviour (Hermes et al. 2011), including increased
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aggression towards conspecifics (Wongwitdecha and Marsden, 1996b). Behaviours such
as hyperactivity (Evenden 1999; Lit et al. 2010) and aggression (Coccarro et al. 1992;
Van den Bergh 2006) have been associated previously with impulsive behaviour, and as
such, support the hypothesis that early social isolation may give way to future impulsive
behaviour.
Puppies are thought to have an early critical period for social exposure during which they
develop the capacity for appropriate interactions with other dogs and members of other
species, including humans, and become familiar with varying environments (Scott 1963;
Serpell and Jagoe 1995). The exact time frame of this period is not clear, but it is
generally thought to occur before 14 weeks of age (Freedman 1961; Wright et al. 1980;
Fox and Stelzner 1967). Freedman (1961) found that dogs isolated from human contact
during this time had a decreased tendency to interact with humans, and that persistent
fear and aggression towards humans resulted if puppies were isolated beyond 14 weeks
of age. Exposure to littermates also appears integral to normal social development; Fox
and Stelzner (1967) found that puppies that were hand-raised without contact with other
puppies until 12 weeks of age showed deficits in social behaviour and had adverse
reactions to conspecifics. Overall these results suggest that inadequate early social
experiences can impair interactions with humans and other dogs, leading to fear and in
some cases aggression (Haug et al. 2008; Sanchez et al. 2001; Chapillon et al. 2002).
These social impairments likely result from a number of different behavioural and
cognitive changes, but as with humans, one factor that might play a role is impulsivity.
Importantly, the post-weaning period in rats appears to parallel the critical socialization
period in dogs, raising the possibility that experiences during this period may influence
impulsive behaviour in dogs as they do in rats. However, the effect of early social
exposure on impulsivity in dogs has not previously been explored.
The objective of this study was to examine the relationship between early social
exposures in puppies on impulsivity, as measured by performance on the cylinder detour
task and the Dog Impulsivity Assessment Scale (DIAS). We hypothesized that low
socialized dogs would be more impulsive than high socialized dogs, as demonstrated by
poorer performance on the cylinder detour task and higher scores on the DIAS. 	
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Methods
Recruitment
Companion dogs were recruited from Guelph, Ontario and surrounding cities up to a
30km radius to participate in the study. Advertisements for the study were posted online
through Facebook™ (Appendix B.1) on pages belonging to trainers, kennels, groomers,
veterinarians, walkers, and other dog-related groups, as well as sent through the Ontario
Veterinary College email lists (Appendix B.2). Owners were asked to fill out a
socialization survey discussed below, and to provide consent to be contacted for further
participation in the study (Appendix B.5). A secondary consent email was forwarded to
owners that met the selection criteria for the study (Appendix B.4). Owners were not
informed of the selection of exclusively high and low socialized dogs based on the
criteria specified below.
Socialization Survey IIA
Owners were asked to complete a socialization questionnaire that was developed by our
lab to assess early socialization to determine which dogs met the necessary criteria for
participation in the study (Appendix B.3). This questionnaire was entitled Socialization
Survey IIA, and was distributed using a link to FluidSurveys™. This questionnaire was
piloted prior to its use in the study. This survey was similar to the survey used in the
study in Chapter 2, but did not include questions related to the boarding kennel stay.
Owners reported the number and frequency of exposures that their pet dog had to new
people, dogs, and environments on a numeric interval scale for each of the ≤ 12 week age
period and the >12 week to ≤1 year age period. For example, dogs could be exposed to
five new people on one occasion, or across five separate occasions, and the number
parameter would be scored the same. The frequency measure would be scored differently
between the two situations, however. Survey responses were converted to a numerical
score and cumulative scores for exposure to people, dogs and environments were
reported for the ≤ 12weeks and 12 week to 1 year age periods (Table 1; 3 stimulus types
(people, environments, dogs) with number/frequency response for each, and a 4-point
maximum score for each question for a maximum cumulative score of 24 for each
period). Higher numerical values for each score indicate increased exposure to stimuli.
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Dogs were recruited for participation in the study based on their cumulative exposures
during the ≤ 12 weeks of age period, which reflected exposures during the critical
socialization period for domestic dogs. Dogs that had a cumulative score of ≤ 12 were
assigned to the low socialized group, and dogs with a score of ≥ 19 were assigned to the
high socialized group. The low socialized group maximum socialization score was set at
12 because all dogs in the Chapter 2 study that were unable to complete either of the
behaviour tests had a socialization score under 12 at the ≤12 week period. The minimum
socialization score for the high socialized group was set at 19 to include dogs in the top
quintile of possible socialization scores for the ≤12 week period. A sample size
calculation was used based on the Chapter 2 socialization score results to determine
group size for the low and high socialized group. From the 383 responses received to
Socialization Survey IIA, the first 31 dogs that fit the criterion for either the high (n = 14)
or low socialized (n = 17) group were selected for participation in the behaviour testing
portion of the study. This study size was selected as a balance between maximizing
sample size while considering the time restraints of in-home behaviour testing.
Socialization Survey IIB
Socialization Survey IIB, also created for the purpose of the study by our lab, was an
extended questionnaire completed by owners of dogs that were chosen to participate in
the behaviour testing portion of the study (Appendix B.6). This survey included questions
aimed at gathering an in-depth history of each dog’s social experiences at the ≤12 week
and >12 weeks to ≤1year age periods. Information was also collected for the current age
period to control for potential confounding effects of current experiences. This survey
was piloted prior to its use in the study. This survey was completed at the time of
behaviour testing.
Behaviour Testing
A modified cylinder detour task was conducted with each dog using the same procedure
as described in Chapter Two of this thesis (originally developed by Bray et al. 2014). All
dogs were tested in their home environment. Only dogs categorized into the high or low
socialized group partook in this portion of the study.
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Apparatus
Two Plexiglas boxes were constructed (30 cm x 30 cm x 30 cm) that were open on the
left and right hand faces. One of the boxes had an opaque front face, and the other box
had a transparent front face. In training sessions, the opaque box was used and then this
box was replaced with the transparent box for testing. The treat was placed in the centre
of the box for retrieval for both training and testing sessions. The boxes were raised in
accordance with the dog’s muzzle height for ease of access to the treat. Rollovers™
(Premium Pet Food Ltd., High River, AB) were used as treats for training and testing of
all dogs that participated. The side of the apparatus through which the treat was placed
alternated for each trial. A failure line was place on the floor with a piece of tape 7.5 cm
in front of the apparatus and equal to the width of the front face. If the dog passed this
line with any part of its body during a trial, the trial was classified as a failure.
Procedure
All dogs were trained to use the apparatus and complete the task within a single 20-min
training session. Owners were present for the duration of behaviour testing but did not
assist with training or testing, or provide any verbal or non-verbal cues to their dog.
The box with an opaque front face was used for training sessions. During the training
session the dog was taught to access the treat from the opening on either side of the
opaque faced box. The handler was located 1 m away from the apparatus, and held the
dog on a 1.8 m leash. The researcher stood behind the box, and began both training and
testing trials by calling the dog’s name, showing the dog the treat and saying “look”,
placing the treat in the centre of the box and repeating “look”, followed by “okay” which
signalled the handler to release the dog’s leash and allow the dog to access the treat while
the handler remained stationary. After the dog was given the “okay” signal, it had a
maximum of 30 s to approach the apparatus and retrieve the treat. If the dog did not
retrieve the treat within 30 s the trial ended and was repeated. For training, each dog
completed two successive sessions of 10 trials with a short break of approximately 5 min
between sessions for the dog to rest and have a drink of water. To proceed to the testing
portion of the task, the dog had to successfully complete four successive training trials. A
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successful trial occurred when the dog accessed the treat from the left or right side
openings of the box without crossing the failure line located 7.5 cm in front of the front
face of the box.
The testing procedure was identical to the training procedure, except the opaque box was
replaced with the transparent box so that the treat was visible once placed in the box.
Each dog completed two successive sessions of 10 trials. All testing sessions were video
recorded (Sony Handycam HDR CX 220) for later analysis.
Scoring
Performance on testing sessions was coded by a single observer using the video
recordings. If the dog approached within 7.5 cm of the front of the apparatus while
attempting to retrieve the treat, the individual trial was scored as a fail. A pass percentage
(PP) was determined for each dog for each of the two testing sessions. The results for
pass percentage for the first and second session were compared using a t-test, and found
to differ (p = 0.002). This difference suggests an effect of learning on performance
during the second session, therefore, only the results from the first session were used in
statistical analyses.
Dog Impulsivity Assessment Scale (DIAS)
Owners were asked to complete the Dog Impulsivity Assessment Survey (DIAS), which
was developed and validated by Wright et al. (2011), either during behaviour testing of
their dog or online after testing was completed (Appendix A.6). The DIAS is an owner
issued psychometric assessment of impulsive attributes in dogs. Owners were required to
rate their level of agreement with 18 statements about their dog’s situational behavioural
tendencies. Owners had the option of completing the DIAS online via FluidSurveys™ or
in person at the time of behaviour testing. Instructions were included at the top of the
page and owners were provided with verbal instruction if the DIAS was completed in
person at the time of testing.
Each of the 18 items on the DIAS was presented in Likert scale format, and responses
were scored on a 5-point scale ranging from 1 (strongly agree) to 5 (strongly disagree). A
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“don’t know / not applicable” option was also provided, and if the owner selected this
option the question was removed from further analyses for that individual dog. An
Overall Questionnaire Score was also calculated that encompassed all 18 items on the
questionnaire. In addition, the 18 items on the scale can be organized and reduced to
three factors established through principal components analysis by Wright et al. (2011):
Factor 1-Behavioural Regulation, Factor 2-Aggression and Response to Novelty, and
Factor 3-Responsiveness. The scores of interest from this assessment for the current
study were the Overall Questionnaire Score and Factor 1-behavioural regulation.
Statistics
Data were entered into an Excel (Microsoft Excel 2010, Microsoft, Redmond, WA)
spreadsheet on a password protected computer. Descriptive statistics and linear
regression analyses were completed using SAS (version 9.2, SAS Institute Inc., Cary,
NC). The pass percentage from the detour task, and the Overall Questionnaire Score
(OQS) and Factor 1(behavioural regulation) score from the DIAS were designated as the
outcomes of this study. Each of the three outcomes was logit transformed due to their
proportional nature to improve data linearity. These outcomes were back-transformed for
presentation in figures. Following transformation, all variables were assessed using the
Kolmogorov Smirnov test, and found to be normally distributed. The correlation between
the pass percentage for the cylinder detour task and the DIAS scores were assessed using
Spearman’s rank. Independent one-tailed t-tests were used to compare mean socialization
scores between the low and high socialized group and distribution of age between the
high and low socialized groups. The distribution of sex between the high and low
socialized groups was examined using a chi-square test.
Generalized linear models were used to describe the relationships among socialization
variables from the two socialization surveys and outcomes of the cylinder detour task and
DIAS. Some variables on the Socialization Survey IIB were reported as categorical but
actually reflected continuous data (frequency in a canine group setting/month, exercise
frequency/day, exercise length/outing, time home alone/day); for the purposes of
modeling, these variables were converted from categorical to continuous variables by
averaging the numeric range for the category that was selected. For example, if an owner
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selected that their dog took part in a group setting and selected the 1-5 occurrence range,
their response was recorded as 3). The first stage of model building consisted of
conducting univariate models for each outcome (Table 3.4). Independent variables that
were associated with the outcome variables at p < 0.2 were integrated into the model of
main effects. Manual backward selection was used to remove variables starting with the
highest p-value until the model consisted of no more than 4 degrees of freedom and all
independent variables were deemed significant in the model. Confounding was assessed
by examining whether a variable, when removed, caused a change of 20% or more in the
coefficient of another variable in the model. Interaction effects were tested between
biologically plausible variables. Residuals were plotted to confirm the proposed model
met all necessary assumptions. Predicted values were plotted against residuals to assess
the normality of all models and to highlight outliers, unequal variances, or data requiring
transformation. Parameter estimates of independent variables in all reported models were
manually converted to odds ratios using a log calculation.
Ethical Considerations
The study was conducted in accordance with institutional and federal guidelines for the
care and use of animals in research and was approved by the Animal Care Committee at
the University of Guelph (AUP #1585).
Results
Dogs varied in terms of breed, age, sex, and neuter status (Table 1). The group of
participating dogs included both purebreds (n = 23, 74%) and mixed breeds (n = 8, 26%).
The mean age of participating dogs was 4.2 years (minimum = 5 months, maximum =
11years). Only two dogs were unneutered, and both were male. There was no difference
in age or distribution of sex between the high and low socialized groups. The mean
socialization scores of the low socialized and high socialized groups during the ≤ 12
weeks of age period were 8.5 (maximum = 12) and 20.9 (maximum = 24), respectively.
All 31 dogs recruited for the study successfully trained and tested on the detour task and
26 (84%) of the dog owners completed the DIAS. Five owners opted to not complete the
DIAS online after behaviour testing of their dog had finished.
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Socialization Surveys
Mean socialization scores for individual stimulus groups for the ≤ 12 weeks of age period
are reported in Table 3. Dogs categorized in the low socialized group had significantly
lower scores for all three socialization categories in comparison to high socialized dogs.
Effects of early socialization on impulsivity scores
Dogs in the low socialized group had a lower cylinder detour pass percentage in
comparison to dogs in the high socialized group (p = 0.030; Figure 1). Low socialized
dogs were also scored as more impulsive than high socialized dogs on the DIAS, as
reflected by higher Overall Question Score values (p = 0.014). While the low socialized
group had a numerically higher mean score for Factor 1-Behavioural Regulation of the
DIAS than the high socialized group, the difference between socialization groups was not
significant (p = 0.07). Based on Spearman’s rank correlations, no relationship was shown
to exist between the pass percentages on the cylinder detour task and either the Overall
Question Score (r = -0.25, p = 0.17) or the Factor 1 - Behavioural Regulation score (r = 0.19, p = 0.31) of the DIAS. There was no correlation found between performances on
any of the three assessment methods.
Relationship between socialization and measures of impulsivity
All outcome variables were determined to have normal distributions. Univariate
assessment of the relationship between socialization factors and outcome variables of
interest can be found in Table 4, and the final generalized linear models for each outcome
are reported in Tables 5 and 6. The residuals of all models were plotted against predicted
values for the model and appeared normal based on visual assessment. When outliers
were removed from the model, there was no significant change in the direction and
magnitude of the coefficients, thus outliers were retained in all models.
The final model for pass percentage on the cylinder detour task included socialization
group, puppy class attendance, and frequency of participation in a canine group setting
per month for the >12 weeks to ≤ 1year age period (Table 5). Odds of passing a trial of
the cylinder detour task were increased for dogs in the high socialization group, and for
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dogs that attended puppy class. However, when frequency of participation in canine
group settings increased, odds of passing a trial of the cylinder detour task decreased.
The final model for the Overall Questionnaire Score of the DIAS included time home
alone for the ≤ 12 weeks age period, and frequency of participation in a canine group
setting per month for the ≤ 12 weeks age period (Table 6). Increased time home alone
increased the odds of scoring higher on the Overall Questionnaire Score, and increased
frequency of participation in a canine group setting increased the odds of scoring lower
on the Overall Questionnaire Score.
There were no generalized linear models that were significant for the behavioural
regulation factor of the DIAS.
Discussion
In support of our hypothesis, our study results suggest dogs that were categorized as low
socialized are more impulsive than high socialized dogs; low socialized dogs performed
worse on the cylinder detour task than the high socialized group, and were also scored as
being more impulsive based on the Overall Questionnaire Score from the DIAS. The
cylinder detour task is a measure of impulsive choice, and includes components of both
behavioural regulation and delay aversion, both of which are known facets of impulsivity
(Whiteside and Lynam 2001). Specifically, dogs need to both inhibit their immediate
response to approach the visible treat through the transparent front face of the apparatus,
and delay reaching the treat by opting for the longer route via the side openings of the
apparatus. The current results suggest dogs that are categorized as low socialized based
on their number and frequency of exposures to new people, dogs, and environments in
their first 12 weeks of life have poorer behavioural inhibition and are less delay tolerant.
The cylinder detour task specifically relates to behavioural regulation, a narrow
component of impulsivity. Dogs in the low socialized group had a significantly lower
mean pass percentage than the high socialized group, which corresponds with previous
studies examining impulsivity in rats following post-weaning isolation. Garcia and
Kirkpatrick (2013) found that rats reared in isolation during the post-weaning period
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preferred a small and immediate reward over a large and delayed reward in a delayed
reward task. Perry et al. (2008) found similar results; rats raised in isolated conditions in
the juvenile and early adolescent periods were significantly less delay tolerant than rats
reared in enriched social conditions. In Chapter Two, we demonstrated that canine
performance on the delayed reward task is highly correlated with performance on the
cylinder detour task, suggesting these two tasks are measuring similar facets of
impulsivity. Previous research has also demonstrated increased impulsivity in socially
isolated rats based on performance on tests of impulsive action, such as the five-choice
serial reaction time task (Baarendse et al. 2013). Thus, it is evident that social isolation
has similar effects in both dogs and rats.
Increased impulsivity following early social isolation may be in part due to effects on
brain development. Previous literature suggests inadequate early socialization in rodent
models has neurological effects that are relevant to the development of impulsivity.
Social isolation has been shown to affect neurochemistry; however, results have varied
between studies. Heidbreder et al. (2000) found that rats reared in isolation had reduced
dopamine turnover in the medial prefrontal cortex and decreased serotonin turnover in the
nucleus accumbens. Lapiz et al. (2003) found that isolation-reared rats had increased
presynaptic dopamine and 5-HT function in the nucleus accumbens and decreased
presynaptic serotonin function in the frontal cortex and hippocampus (Lapiz et al. 2003).
Low serotonin metabolite levels have been associated with decreased behavioural
inhibition (Soubrié 1986), and low dopamine levels with behavioural activation, response
thresholds, and sensitivity to reward (Cloninger et al. 1993; Zuckerman 1993). Wright et
al. (2011) found that levels of serotonin and dopamine metabolites in dogs were inversely
related to impulsivity based on scores on the DIAS. However, further studies are needed
to determine a more comprehensive picture of the relationship between socialization,
neurological development, and impulsive behaviour before drawing any definitive
conclusions in dogs.
The Overall Questionnaire Score for the impulsivity survey is broadly reflective of
impulsivity in dogs and includes additional factors beyond behavioural regulation,
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including aggression thresholds, response to novelty, and general level of responsiveness.
Interestingly, many of these additional factors that are associated with broad impulsivity
have also been shown to be altered in rodent models following post-weaning isolation.
Specifically, post-weaning social isolation in rats has been associated with aggression and
increased social interaction (Wongwitdecha and Marsden, 1996b), hyperactivity and
novelty seeking behaviour (Gentsch et al. 1981, 1982, 1988; Sahakian et al. 1977; Varty
et al. 2000), the inability to ignore or suppress irrelevant stimuli to focus on biologically
salient input (Han et al. 2012), and deficits in prepulse inhibition. Prepulse inhibition
reflects increased reactivity, and assesses the potential for a weak pre-stimulus to inhibit
the reaction of an organism to a subsequent stronger startling stimulus (Bakshi et al.1998;
Cilia et al.2001; Varty et al. 2000; Day-Wilson et al.2006). Similar alterations in
behaviour in participant dogs from the low socialized group may have contributed to
higher Overall Question Scores.
Generalized linear models were developed to assess specific demographic and
socialization factors that predict impulsivity in terms of performance on the cylinder
detour task and the Overall Questionnaire Score of the DIAS. The current results indicate
that impulsive behaviour is significantly predicted by factors that influence social
experience including socialization group (which was determined based on socialization
score in the ≤12 week age period), time spent in group settings with other dogs,
attendance at puppy classes, and time spent home alone. Previous research has
demonstrated that early social experience in dogs influences the development of social
behaviour and related problem behaviours, such as aggression. Dogs that have attended
puppy socialization classes have been found to be less likely to show undesirable
reactions to dogs from outside the household (Blackwell et al. 2003). In contrast, puppies
isolated from littermates up to 12 weeks of age show deficits in social behaviour
including aggression (Fox and Stelzner 1967) and hyperactivity (Draper 1976; Melzack
1969). Furthermore, Roll and Unshelm (1997) found that 44% of dog-aggressive dogs
had zero to minimal socialization up to 20 weeks of age.
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Conversely, the amount of time a puppy spends home alone also equates to social
isolation, yet we found an inverse relationship between frequency of participation in
canine group settings (12 weeks to 1 year age period), and performance on the cylinder
detour task. This appears to contradict the observed relationship between social exposure
and impulsivity. However, it is possible dogs that exhibit hyperactive behaviour are more
likely to be taken to canine group settings such as dog parks or day-care in an attempt to
reduce the dog’s high-energy behaviour.
Interestingly, most of the factors that were significant in terms of predicting impulsivity
in the current models were related to social experiences during the first 12 weeks of life.
The only exception was frequency of participation in a canine group setting, which was
assessed for the12 week to1 year age period. Again, this particular variable may be
related to owner responses to the behaviour of the individual dog, rather than having a
causal role in the development of impulsive behaviour. Additionally, none of the
variables measured at the dog’s current age were significant in the finalized models. The
purpose of measuring variables at the dogs’ current age was to control for the potential
confounding effects of current practices by the owner on dogs’ performance on the
cylinder detour task. For example, owners that currently do not exercise their dog for an
adequate length of time each day may have resulted in dogs’ inability to focus on the task
during testing. Overall, these results indicate that experiences in the first 12 weeks are
important to development of impulsive behaviour. While social experiences during later
periods may be beneficial in other ways, they do not appear to influence impulsive
behaviour.
In the current study we did not find a significant relationship between factors related to
socialization and the behavioural regulation factor of the DIAS. While previous research
has suggested that this factor is related to behavioural performance on impulsive choice
tests in dogs (Wright et al., 2012), we did not find a similar relationship for either the
current or previous chapter of this thesis. It is possible that the limitations of the survey
design and administration affected this result. The response format for the questions on
the socialization survey may have limited the owners’ description of social experiences or
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the dogs’ behaviours. Most owners completed the survey in the presence of the
researchers and may have been distracted by their dog performing the behaviour tasks. It
is also possible that Factor 1 is in fact assessing a different component of impulsivity than
behaviour tests designed to assess impulsive choice. Human studies have also failed to
find a relationship between behavioural and psychometric assessments of impulsivity.
Dolan et al. (2004) did not find a correlation between responses on the Barratt
Impulsivity Scale and performance on behavioural tests, including a delayed reward task,
for a personality disordered population. Similar results have also been found in healthy
populations (Parker and Bagby 1993, 1997). Thus, results from this thesis suggest that
Factor 1 of the DIAS is measuring a different facet of impulsivity than the cylinder
detour and delayed reward tasks.
The dogs included in the current study were from a range of ages and a number of
different breeds. Only two intact males were included in the study; however, recent
figures indicate that approximately 83% of owned dogs in the United States are neutered
(ASPCA 2015), and more importantly, previous studies have found neuter status does not
have a significant effect on impulsivity (Lit et al. 2010; Wright et al. 2011). The United
States and Canada have similar views on spay and neuter practice, which suggests the
current study’s sample is representative of the general companion dog population, and the
results should be broadly applicable.
The training success rate for this study was notably better than for the study completed
for Chapter 2, and identical to results obtained by Bray et al. (2014). The increase in the
training success rate between our first and second study is likely due to the testing
environment. The first study was conducted in a kennel environment that was foreign to
the dog, and had numerous visual and auditory distractions. Furthermore, the owner was
not present at the time of testing. In this study, behaviour testing was completed in the
dog’s home environment with the owner present. The dramatic improvement in task
performance between studies highlights the effect of environment on completion rates,
and suggests that poorly socialized dogs may be underrepresented in other studies
involving complex behaviour tests. This may bias results such that they do not accurately
reflect the general companion dog population.
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Limitations
Lack of exposure to novel stimuli as puppies may have affected the ability of the low
socialized dogs to focus on the cylinder detour task; although testing was completed in a
familiar environment with the owner present, the people conducting the study and the test
apparatus were unfamiliar to the dog. Previous research has found that socially isolated
rats are less able to focus on salient input in comparison to rats that are group-housed
(Han et al. 2012). Specifically, rats placed in isolated housing during the pre-adolescent
period showed decreased performance on a latent inhibition test which measures the
effects of prior stimulus exposure on sequential stimulus-response learning. This result is
thought to reflect the individual’s ability to ignore or suppress irrelevant stimuli to focus
on biologically salient input (Fone and Porkess 2008). However, the 100% training
success rate indicates that dogs had comparable levels of focus in this task.
The current study included participant dogs that were under 1 year of age, so later
socialization data were incomplete for these individuals. The distribution of ages was
similar in both the low and high socialized groups, and age did not appear to influence
any of the outcomes of interest. However, this resulted in reduced statistical power when
examining the effects of variables measured for later time periods.
Another limitation of the current study was the relatively small sample size. The current
sample size limited the number of factors that could be included in each model, and may
have resulted in the exclusion of some relevant variables. Conducting individual
behaviour tests is time-consuming and dependent on recruitment from a limited number
of local participants, which limits the practicality of larger samples.
While all dogs in the study were classified as food-motivated and were willing to
complete the task with the treats provided in training, low socialized dogs may have been
more highly motivated to obtain the treat, and this may have increased their likelihood of
task failure. Isolation-rearing in rats results in increased food consumption and weight
gain in comparison to group-housed rats (Fiala et al. 1977). Furthermore, isolation-reared
rats have been found to show higher response rates in food-reward motivated tasks,
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which suggests increased food motivation (Fone and Porkess 2008). Food motivation was
not specifically assessed in the dogs in the current study, but it is possible that it was a
confounding factor.
Conclusions
The results of the current study suggest that inadequate early exposure to social and
environmental stimuli, particularly during the ≤ 12 weeks of age period, contributes to
increased impulsivity in companion dogs. Inadequate socialization during this period has
been associated with impaired social behaviour and related problems, such as aggression,
and it is possible that increased impulsivity may play a role in the development of these
behaviour problems. Thus, further research is needed to determine whether impulsivity
predisposes dogs to particular behaviour problems such as aggression. It would also be
valuable to follow puppies from birth to adulthood to get a more complete picture of
puppies’ social history to more accurately define the critical socialization period and its
effects on behaviour. Following puppies from birth would also mitigate the issue of
owner recall bias when completing the socialization survey. Lastly, it would be beneficial
to look at the effects of remedial socialization and behaviour modification during the 12
week to 1 year age period to determine if the negative effects of inadequate socialization
can be reversed.
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Table 3.1. Socialization Survey IIA scoring scheme for each stimulus type.
Variable

Exposures to new

Scoring(/4)
0

1

2

3

4

0

1-5

6-10

11-20

21+

0

1/month

1/2

1/week

>1/week

dogs/people/environments
Frequency of exposures

weeks
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Table 3.2. Demographic information for participant dogs.
	
  

Socialization Dog
Group
Low
Socialized

High
Socialized

	
  
	
  

Age

Breed

Sex

≤ 12 week
SS

Abby

Brittany Spaniel

10.6

FF

12

Chase

Labrador Retriever

0.6

NM

9

Cooper K.

Mixed

2.2

NM

7

Cricket

Whippet

2.5

NM

12

Diesel

Pug

0.5

NM

10

Ginger

Mixed

9.3

FF

8

Heidi

Mixed

9.2

FF

9

Jasper

Siberian Husky

5.2

NM

8

Karma

Dogue de Bordeaux

-

FF

10

Kippen

Border Collie

5.5

NM

9

Lily

Jack Russel Terrier

-

FF

6

Madden

Mixed

1.2

NM

0

Rory

Mixed

2.7

NM

9

Summer

Golden Retriever

7.8

FF

10

Tank

Mixed

4.3

NM

7

Winston

German Shepherd

3.5

NM

11

Ziggy

Border Collie

3.0

NM

8

Ace

Australian Shepherd

5.8

NM

19

Cassie

Golden Retriever

5.3

FF

20

Cooper R.

Golden Retriever

3.2

NM

20

Ellie mae

Springer Spaniel

4.7

FF

22
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Emma

Vizla

5.7

FF

24

Luke

Mixed

1.0

NM

21

Merlyn

Border Collie

10.0

NM

21

Miles

Great Dane

0.4

IM

22

Pearl

Boston Terrier

2.3

FF

22

Riley

Shiba Inu

1.8

FF

22

Suzy

Great Dane

0.7

FF

20

Taz

Mixed

8.6

FF

20

Tenor

Labrador Retriever

3.9

IM

19

Zephyr

Labrador Retriever

1.3

NM

21

Note. Demographic information for participant dogs in the low and high socialized
groups. Information was collected by participating owners from January 2015 to
February 2015. Informed collected included participant name, breed (as classified by the
owner), age (years), and sex (fixed female [FF], neutered male [NM], intact male [IM]),
and ≤12 weeks socialization score (≤ 12 week SS).
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Table 3.3. Socialization scores for the low and high socialized groups by exposure type.
Exposure type

Low Socialized

High Socialized

t

p-value

SE

People

4.8

7.5

4.6

<0.0001

0.46

Dogs

1.8

5.8

4.6

<0.0001

0.66

Environments

3.3

6.7

5.2

<0.0001

0.52

Note. Socialization scores for the low and high socialized groups for ≤ 12 weeks of age
based on the number and frequency of exposures to people, dogs, and environments. A
maximum score of 8 was possible for each stimulus.
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Table 3.4. P-values for univariate models of outcomes Pass Percentage (PP), Overall
Questionnaire Score (OQS), and Factor 1- Behavioural Regulation.
PP
OQS
Factor 1
Variable
Type

Est

pvalue

p-

Est

value

p-

EST

value

Socialization Group

D

0.093

0.35

0.028

-0.37

0.21

-0.32

Socialization Score 1

C

0.11

0.041

0.20

-0.019 0.55

-0.011

Socialization Score 2

C

0.67

-0.013 0.11

-0.030 0.22

-0.031

Age

C

0.59

-0.029 0.44

0.022

0.64

0.018

Breed

D

0.54

-0.22

0.36

-0.19

0.30

-0.29

Number of dogs living in

C

0.77

0.1

0.96

-0.009 0.90

-0.030

Number of people in home 1

C

0.09

-0.20

0.97

0.002

0.94

-0.006

Number of people in home 2

C

0.28

-0.14

0.31

0.07

0.55

0.05

Number of people in home 3

C

0.82

0.036

0.24

0.10

0.75

0.035

Number of children in home

C

0.62

0.18

0.82

0.045

0.88

0.038

Puppy class attendance

D

0.05

0.84

0.32

-0.23

0.23

-0.35

Obedience class attendance

D

0.84

-0.026 0.75

-0.036 0.72

-0.028

Frequency in a canine group

C

0.94

0.002

-0.023 0.008

-0.035

C

0.05

-0.032 0.14

-0.013 0.12

-0.018

home

0.018

setting/month 1
Frequency in a canine group
setting/month 2

	
  
	
  

105	
   	
  

C

0.21

-0.021 0.023

-0.022 0.035

-0.026

Exercise frequency/day 1

C

0.71

-0.027 0.21

-0.045 0.11

-0.079

Exercise frequency/day 2

C

0.65

0.036

-0.048 0.34

-0.051

Exercise frequency/day 3

C

0.70

-0.051 0.032

-0.20

0.08

-0.22

Exercise length/outing 1

C

0.24

-0.013 0.99

0.00

0.64

-0.004

Exercise length/outing 2

C

0.05

-0.024 0.40

-0.005 0.25

-0.01

Exercise length/outing 3

C

0.12

-0.015 0.97

0.000

0.91

-0.001

Time home alone/day 1

C

0.24

-0.087 0.12

0.064

0.22

0.069

Time home alone/day 2

C

0.13

-0.11

0.079

0.13

0.08

Time home alone/day 3

C

0.32

-0.068 0.16

0.064

0.22

0.074

Use of crating

D

0.34

0.31

0.60

-0.099 0.85

-0.046

Excitability in new

D

0.04

-0.67

0.28

0.21

0.57

0.14

Excitability with new people

D

0.24

-0.57

0.73

0.1

0.81

0.09

Excitability with new dogs

D

0.22

-0.45

0.080

0.37

0.092

0.46

Frequency in a canine group
setting/month 3

0.26

0.046

environments

Note. P-values of univariate models of outcomes Pass Percentage (PP), Overall Questionnaire
Score (OQS), and Factor 1- Behavioural Regulation. Bolded values met the p < 0.2 cut-off
and were included in the preliminary generalized linear model of the respective outcome
variable. The ≤12 week, > 12 week to ≤ 1 year, and current age period are represented by
numbers 1, 2, and 3, respectively. Variable type is denoted by continuous (C) or dichotomous
(D). Bolding represents univariate relationships that had p < 0.2.
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Table 3.5. Final general linear model of pass percentage for the cylinder detour task.
Parameter

p-value

Estimate

Puppy class

Odds

SE

Ratio

95% Confidence
interval (Odds Ratio)

0.95

0.007

2.59

0.32

1.3-5.3

0.79

0.0037

2.2

0.25

1.3-3.7

-0.05

0.0009

0.96

0.013

0.94 - 0.99

attendance

Socialization
Group
Frequency in
canine group
settings 2
r2 = 52%

Note. Data were derived from Socialization Survey IIB completed by participants in
Guelph, Ontario, Canada and surroundings area from January 2015 to February 2015.
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Table 3.6. Final general linear model of the Overall Questionnaire Score of the DIAS.
Parameter

p-value

Estimate

Time home alone 1 0.1255
Frequency in

-0.0376

Odds

SE

Ratio

95% Confidence
interval (Odds Ratio)

0.0004

1.13

0.029

1.1-1.2

0.0001

0.963

0.007

0.95- 0.98

6

canine group
setting 1
r2 = 0.63

Note. Data were derived from Socialization Survey IIB completed by participants in
Guelph, Ontario, Canada and surroundings area from January 2015 to February 2015.
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Figure 3.1. Mean values (± SEM) of performance for dogs in the low and high socialized
groups on the cylinder detour task and owner-reported Dog Impulsivity Assessment Scale
(DIAS Overall Question Score(OQS) and Factor 1-Behavioural Regulation scores.
* p < 0.05
Note. Mean values representing pass percentage in the cylinder detour task and scores on
the OQS and Factor 1-Behavioural Regulation were back-transformed from a logit
transformation for ease of interpretation in this figure.
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CHAPTER 4
Conclusions
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Impulsivity is a broad construct widely assessed across multiple species in a variety of
disciplines (Evenden 1999), but minimally examined to date in domestic dogs. It is
defined as the tendency to respond prematurely and without forethought or foresight
(Buss & Plomin 1975; Evenden 1999; Whiteside & Lynam 2001; Robinson et al. 2008)
and is comprised of a variety of factors including poor response inhibition, an inability to
delay gratification, impairments in time estimation, inappropriate action in a given
context, novelty seeking, and increased risk-taking (Buss and Plomin 1975; Patton et al.
1995; Evenden 1999; Whiteside and Lynam 2001; Weafer et al. 2013). The level of
impulsivity an individual expresses lies on a spectrum, and high levels of impulsiveness
can increase the likelihood of pathological behaviour (Barratt et al. 1999; Malloy-Diniz et
al. 2007) including mania, personality disorders, substance abuse disorders, aggression,
attention deficit/hyperactivity disorder (ADD/ADHD), and deficits in decision making
due to lack of premeditation (Evenden 1999; Lesch and Merschdorf 2000; Zermatten et
al. 2005).
The multifaceted nature of impulsivity requires the use of multiple modes of assessment
(Carli et al. 1983; Logan 1994; Fairbanks et al. 1999;	
  Vas et al. 2007; Wright et al. 2012).
Interestingly, minimal work has been done to examine the relationship between different
methods of assessment, especially in domestic dogs. This thesis compares multiple
methods of impulsivity assessment in the domestic dog, including the delayed reward
task, cylinder detour task, and Dog Impulsivity Assessment Scale (DIAS). 	
  
One of the potential underlying causes of impulsivity that has been extensively examined
in other species is early socialization (Fone and Porkess 2008; Perry et al. 2009; Garcia
and Kirkpatrick 2013). The critical socialization period in dogs lies between 2-14 weeks
of age (Freedman et al. 1961; Fox and Stelzner 1967). During this period, dogs should be
exposed to a wide variety of stimuli, including new environments, people, and other
dogs. Failure to properly socialize dogs during this period has been shown to result in
problematic behaviours such as aggression and hyperactivity (Draper 1976). Impulsivity
may be the root cause of such behaviours, but the direct relationship between early
socialization and impulsivity has not previously been examined in the domestic dog. This
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thesis examines the effects of early socialization on impulsivity in dogs, as measured by
performance on the cylinder detour task and the DIAS.
Summary of Findings
This thesis is comprised of two studies: the first compared three methods of assessing
impulsivity in dogs at a local kennel, and the second examined the relationship between
early socialization and impulsivity. In the first study, 30 dogs were recruited to
participate during their stay at a local boarding kennel. Participating owners completed
two questionnaires, a survey about their dog’s demographics and social history, and the
DIAS. Dogs were also trained to complete two behavioural tests of impulsive choice: the
cylinder detour task and the delayed reward task.
While previous results suggested a relationship between the maximum delay dogs were
willing to tolerate on the delayed reward task and the overall questionnaire and
behavioural regulation factor scores for the DIAS (Wright et al. 2012), we found no
relationship between either the cylinder detour task or the delayed reward task and the
DIAS. This lack of relationship suggests that the DIAS and delayed reward task are
measuring different facets of impulsivity, but the lack of correlation may have also been
the result of differences in testing methodologies or differences in question interpretation
and responses on the DIAS from Canadians in comparison to people from the UK (where
the DIAS was developed).
In contrast to the DIAS results, we found a strong significant correlation between pass
percentage of dogs on the cylinder detour task and the total fraction of trials for which
dogs selected the large/delayed reward on the delayed reward task. This result suggests
the two behaviour tasks are measuring similar facets of impulsivity, or separate but
correlated measures of impulsivity. In either case, this result indicates that the cylinder
detour task is appropriate for use as a proxy for performance on the delayed reward task.
This is beneficial given that the cylinder detour task had a much higher rate of training
success than the delayed reward task, and required only a fraction of the time required to
train and test dogs for the delayed reward task.
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A secondary result of this study was that dogs that were unable to learn the behaviour
tasks in the kennel environment had significantly lower socialization scores than dogs
that completed training and testing. The naïve kennel environment that was used to test
the dogs may have been problematic for dogs that were inadequately socialized. The
room was subject to audible stimuli and human and dog traffic in nearby areas, which
may have had negative effects on some dogs’ ability to focus on the task at hand if they
had infrequent previous exposure to similar stimuli earlier in life. These results suggest
that poorly socialized dogs are not likely to be adequately represented in studies
involving complex behaviour tests, which may bias results such that they do not reflect
the entire companion dog population.
The second study expanded on results in the first study by using the cylinder detour task
and the DIAS to evaluate the relationship between early socialization and impulsivity in
dogs. Dog owners were recruited from Guelph and surrounding area for participation in
the study. Dogs were selected based on their exposures to people, dogs, and environments
during their first year of life, as reported by their owners on a survey identical to that used
in the first study. From this survey dogs were categorized as low or high socialized.
The cylinder detour task was conducted in dogs’ home environments with the owner
present. The results of this study revealed that dogs categorized as low socialized had a
significantly lower pass percentage on the cylinder detour task and scored significantly
higher on the overall questionnaire score of the DIAS than those in the high socialized
group. These results indicate that in comparison to high socialized dogs, low socialized
dogs have poorer behavioural regulation and are less delay tolerant, as measured by the
cylinder detour task, and more impulsive in a broad sense, as measured by the DIAS.
Multi-variable models were also constructed for pass percentage in the cylinder detour
task and overall questionnaire score of the DIAS. Interestingly, most factors that were
significant in terms of predicting impulsivity in the current models were related to social
experiences during the first 12 weeks of life. Similar factors for the 12 weeks to 1 year
and current age periods did not appear to influence impulsivity. These results indicate
that experiences in the first 12 weeks are especially important to development of
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impulsive behaviour; while social experiences during later periods may be beneficial in
other ways, but do not appear to influence impulsive behaviour.
This study also demonstrated the value of conducting in-home testing. Testing dogs on
the cylinder detour task in the home environment had a 100% training success rate in
both high and low socialized dogs, which was considerably higher than the 77% training
success rate in the first study conducted in a kennel environment. This result suggests that
testing in home environments allows for low socialized dogs to be trained at a higher
success rate, which removes the bias of samples not reflecting the entire companion dog
population.
Limitations
A limitation for both studies was that neither included socialization information from the
time puppies spent with the breeder. Many dogs stay with the breeder until 6 to 10 weeks
of age, and this period overlaps with the critical socialization period, which occurs at
approximately 3-14 weeks of age in dogs (Freedman 1961; Fox and Stelzner 1967). This
means approximately 3 to 7 weeks of a period that is particularly influential in dogs’
social development and future behaviour cannot be accounted for by owner responses
describing social exposures.
There was also an opportunity for recall bias in owners’ completion of the early
socialization information; owners were asked to report their dog’s social exposures up to
1 year of age, and this may have been several years ago, depending on the age of the dog.
As such, owners’ memory of the types of exposures their dog had as a puppy may not be
completely accurate. Equally, both studies included a small proportion of dogs that were
less than 1 year of age at the time of testing, so later socialization data was incomplete for
these individuals. This resulted in reduced statistical power when examining the effects
of variables measured for later time periods. However, age did not appear to correlate
with any variables of interest, nor did it influence any of the outcomes of interest when
included in models.
Another limitation to these studies was sample size. The two studies had 30 and 31
canine participants, respectively. This was particularly limiting when building models for
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performance on the cylinder detour task and the DIAS in study 2; the degrees of freedom
of each model were constrained by the number of data points the study had. As such,
some relevant factors may have been excluded. However, conducting individual
behaviour tests is time-consuming and dependent on recruitment from a limited number
of local participants, which limits the practicality of larger samples.
Conclusions and Future Directions
The results of my first study suggest there is a significant relationship between the
delayed reward task and the cylinder detour task, and the cylinder detour task appears to
be a reliable and more efficient proxy for assessment of impulsivity in dogs in
comparison to the delayed reward task. Interestingly, neither study indicated a
relationship between either of the behaviour tasks and the DIAS. This suggests they may
be examining separate facets of impulsivity, and could be used in tandem to produce a
more complete picture of canine impulsivity.
It is also evident that socialization plays a notable role in the ability to learn behaviour
tasks in unfamiliar environments. This suggests behaviour testing should be performed in
familiar environments to remove this potential confounder. The results of my second
study suggest poor socialization in the first 12 weeks of life is associated with increased
impulsivity as measured by the cylinder detour task and the DIAS. These results provide
tangible applications for owners; they provide further evidence of the importance of
exposing dogs to a wide variety of stimuli in the first 12 weeks of life.
These findings also reveal multiple avenues for future research. Inadequate socialization
during the critical socialization period has been associated with impaired social behaviour
(Fox and Stelzner 1967; Draper 1976) and related problems, such as aggression (Fox and
Stelzner 1967). It is possible that increased impulsivity may play a role in the
development of these behaviour problems. It would be valuable to conduct impulsivity
assessments such as the cylinder detour task and the DIAS with subsets of dogs that
exhibit problematic behaviours to determine whether impulsivity predisposes dogs to
future behavioural issues that could potentially be mitigated by proper socialization.
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It would also be valuable to determine if behaviours other than impulsivity are affected
by early socialization. Behaviours such as play behaviour (Panksepp and Beatty 1980),
novelty seeking behaviour (Douglas et al. 2003), stereotypy development (Harlow et al.
1965), conspecific bonding (1965), learning (Quan et al. 2010), problem solving
(Kenneth et al. 1984) and spatial cognition (Quan et al. 2010) have been associated with
early social isolation/deprivation in other species, including rats, non-human primates and
humans, but have yet to be examined in the domestic dog.
Future research should also follow puppies from birth through to adulthood to provide a
more accurate and comprehensive picture of social exposures during and outside the
critical socialization period and associations with behaviour. This might also contribute to
our general knowledge on the timing of the critical socialization period. Following
puppies from birth would also remove potential recall bias of owners when reporting
dogs’ social experiences.
It would also be valuable to consider dogs with a range of social exposures rather than
exclusively high or low levels of exposure to social stimuli. This would provide a more
comprehensive picture of the association between socialization and impulsivity and
insight into the pattern of the relationship, as this information is lost when only selecting
high and low socialized dogs.
Finally, it would be beneficial to look at the effects of remedial socialization and
behaviour modification during the 12 weeks to 1 year age period to determine whether it
can reverse the negative effects of inadequate early socialization on impulsive behaviour.
Emphasis has been placed on the behavioural influence of the critical socialization period
in dogs, which is reinforced by the current results. However, studies have yet to
investigate the effects of socialization outside this period to potentially reverse the effects
of inadequate earlier socialization. Dogs classified as low socialized during the critical
socialization period could be selected to participate in socialization classes outside the
critical socialization period to determine effects on impulsivity and other behaviours.
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Appendix A
A Comparison of Behavioural and Psychometric Assessments of
Impulsive Behaviour in the Domestic Dog (Canis familiaris)
A.1: Recruitment poster
A.2: Recruitment email
A.3: Consent form
A.4: FAQ handout
A.5: Demographics survey
A.6. Dog Impulsivity Assessment Scale
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A.1. Recruitment poster
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Researchers at the University of Guelph are conducting a study:	
  
ASSESSING THE RELATIONSHIP BETWEEN SOCIALIZATION AND
IMPULSIVITY IN DOGS
ENROLL YOUR DOG IN A FUN AND ENRICHING STUDY THAT WILL TAKE
PLACE DURING YOUR DOG’S STAY IN DAY CARE OR BOARDING AT
COUNTRYSIDE KENNEL
PLEASE INQUIRE WITH THE RECEPTIONIST
FOR MORE INFORMATION

A.2. Recruitment email
	
  
	
  

123	
   	
  

A

Subject: Own a dog? We're interested in your participation!
Researchers at the Ontario Veterinary College, University of Guelph, are conducting a
study to investigate behaviour in adult dogs. If you agree to participate, you will be asked
to complete a brief questionnaire. If your dog qualifies for the study, during your dog’s
stay at the kennel, your dog will take part in two basic behaviour tasks to assess
impulsive behaviours in your dog.
Please note the following:
•
•
•
•

Participants must be the primary dog owner (in other words, be a senior
household member who primarily cares for the dog)
We anticipate this questionnaire to take approximately 10 minutes to complete
In appreciation of your time, if your dog qualifies for the study, you will be given
a toy for your dog to take home!
All information provided will be kept confidential

If you would like to take part in this study, please complete this questionnaire by
clicking: http://fluidsurveys.com/s/impulsivitystudyquestionnaire/
Please note that the completion of this questionnaire is mandatory for participation
in this study.
We would also appreciate your participation in an additional behaviour survey that will
take approximately 10 minutes to complete, however this is not required for participating
in the study:
http://fluidsurveys.com/s/DIAS_survey/
We also require that you complete the attached consent form prior to bringing your dog
to Countryside Kennel for their stay.
If you have any questions or concerns, Dr. Lee Niel or Ms. Alexandra Mitcham may be
reached at:
Lee Niel, PhD
Alexandra Mitcham, MSc candidate
Assistant Professor
Department of Population Medicine
Department of Population Medicine
Ontario Veterinary College
Ontario Veterinary College
University of Guelph
University of Guelph
Guelph, ON, N1G 2W1
Guelph, ON, N1G 2W1
Tel: 613-583-1459
Email: amitcham@uoguelph.ca
Tel: 519-824-4120, Ext. 53030
Email: niell@uoguelph.ca
A.3. Consent form
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Assessing the Relationship between Socialization and Impulsivity in Dogs
You are asked to participate in a research study conducted by Dr. Lee Niel and MSc
student Alexandra Mitcham from the Department of Population Medicine at the
Ontario Veterinary College, University of Guelph.
If you have any questions or concerns about this research, please feel free to contact
Dr. Niel at 519-824-4120 x53030 or niell@uoguelph.ca, or Alexandra Mitcham at
amitcham@uoguelph.ca
PURPOSE OF THE STUDY
Behaviour in adult dogs is thought to be influenced by exposure to people and
environmental stimuli during early developmental periods. For the current study we are
assessing the effect of early socialization on impulsive behaviour in adult dogs.
Impulsivity refers to the level of control that an individual has over their behavioural
responses.
WHO CAN PARTICIPATE
If you currently are the primary dog owner (defined as a senior household member who
primarily (or jointly) cares and pays for your dog), then we are interested in your
participation. Individuals less than 18 years of age will be excluded from our study as it is
unlikely they will have had primary dog care experience. We require that your dog has
received each of the rabies and DH2PP (Distemper Hepatitis (type 2) Parainfluenza and
Parvo viruses) vaccinations, is between 1 and 10 years of age, and is otherwise in good
health status.
PROCEDURES
Participation in this study will involve the following procedures:
1. Questionnaire: Initially you will complete a short questionnaire (approximately 15
mins) to assess the background and social history of your dog. This information
will be used to determine whether your dog meets the criteria for inclusion in this
study (e.g., up to date on vaccinations, currently in good health, safe for
interactions with researchers, exposure or lack thereof to particular stimuli during
different stages of development).
2. Behaviour Testing: Behaviour testing will take place over a series of sessions.
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Depending on exactly which tests are performed and how quickly your dog
learns, we anticipate that testing will involve between one and eight 2-hr sessions.
You are not required to be present at the time of testing. Please be aware that we
will be video-recording these tests, and you may be included in these recordings if
you are in the room at the time of testing.
Your dog will participate in two different behaviour tests to assess impulsivity.
All of the behaviour tests are completely non-invasive, and will involve your dog
performing different behavioural responses in order to obtain food rewards.
Participation will not be harmful to your dog, and will likely be stimulating and
enriching for them. If you would like more information about the testing
procedures, please do not hesitate to contact us using the information provided
above.
POTENTIAL RISKS AND CONFIDENTIALITY
There are no known risks for either you or your dog associated with participation in this
research. Every effort will be made to ensure confidentiality of any identifying
information that is obtained in connection with this study. All identifying information
that is recorded for the purposes of this study will be kept in either a locked file cabinet in
a secure room, or on a password protected computer. Responses will only be viewed and
handled by members of the research team. Data will be kept for 10 years after which
they will be destroyed. Participants will be asked to provide their name, phone number(s),
and email address to ensure the safety of their dog and for follow up if participants are
interested so participant identity will not be anonymous.
If your dog appears to be in any discomfort from learning or performing the behaviour
tests, we will immediately remove them from the experiment. In addition, if you are
uncomfortable with any aspects of the procedures you can withdraw your dog from the
study at any time. In the case that your dog requires medical attention for an extreme
reaction, licenced veterinarians will be available on the premises and the costs of
treatment for the incident will be covered by the researchers.
POTENTIAL BENEFITS TO PARTICIPANTS AND/OR TO SOCIETY
The current study will not provide any direct benefits to you or your pet at the time of the
appointment. If you are interested in how your dog performed on the behaviour tests, we
would be happy to give you a comparison of your dog’s results to other dogs that have
participated in the study. However, the aim of this research is to identify traits that might
predispose dogs to development of impulsive tendencies. Therefore this study may
ultimately lead to improved management of dogs that are at-risk for the development of
impulsive behaviours.
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PARTICIPATION AND WITHDRAWAL
Participation in this study is completely voluntary. You may discontinue participation in
the study at any time without consequence. If you choose to discontinue participation
your data can be removed until it is prepared for analysis and has been combined with
data from other participants. Contact Lee Niel or Alexandra Mitcham by phone or email
(see contact information above) if you have concerns or questions regarding participation
or withdrawal from the study.
SIGNATURE OF RESEARCH PARTICIPANT/LEGAL REPRESENTATIVE
I have read the information provided for the study “Assessing the Relationship
between Socialization and Impulsivity in Dogs” as described herein. My questions
have been answered to my satisfaction, and I agree to participate in this study. I
have been given a copy of this form.
I confirm that I am the owner of the animal identified below, and I specifically agree
to the following:
□ The information provided in the completed questionnaires may be used in
this research project
□ The animal identified below may participate in the behaviour studies that
have been outlined
□ Behaviour tests can be video-recorded for later analysis and may be
included in research presentations
______________________________________
Name of Animal Participant
______________________________________
Name of Human Participant (please print)
______________________________________

_______________
Signature of Human Participant

Date

A.4. Frequently asked questions handout
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Assessing the Relationship between Socialization and Impulsivity in Dogs

Thank you very much for expressing an interest in this research study. Please review the
following answers to frequently asked questions:
What is the purpose of this research study?
Behaviour in adult dogs is thought to be influenced by exposure to people and
environmental stimuli during early developmental periods. For the current study we are
assessing the effect of early socialization on impulsive behaviour in adult dogs.
Impulsivity refers to the level of control that an individual has over their behavioural
responses.
Why should I participate in this study?
Your participation in this study will contribute to our establishment of a greater
understanding of canine behaviour, specifically impulsive behaviour. This study may
ultimately lead to improved management of dogs that are at-risk for the development of
impulsive behaviours, and improve the welfare of our pets that we value so much.
Participating will also provide your dog with an additional fun and enriching experience
during their stay at the kennel.
What does participating in this study require of me?
Individuals interested our study will begin by completing a questionnaire that takes
approximately 10 minutes to give us a brief background of your dog’s history. While not
required, we would also very much appreciate your participating in an additional 5
minute survey that provides a more comprehensive background of your dog’s
behavioural tendencies. We will then review your completed questionnaire to determine
if your dog qualifies for the next phase of the study. If your dog meets our participation
criteria, they will participate in a series of behaviour tests during their stay at the kennel.

If my dog qualifies for the behaviour testing portion of the study, what will this
consist of?
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Your dog will participate in two different behaviour tests to assess aspects of impulsivity
during their stay at the kennel. We expect behaviour testing to occur over approximately
three 1.5 hour sessions. All of the behaviour tests are completely non-invasive, and will
involve your dog performing different behavioural responses such as pawing a pedal in
order to obtain food rewards. Participation will not be harmful to your dog, and will
likely be stimulating and enriching for them. We will ensure a positive and encouraging
environment for your dog.
Who will be interacting with my dog?
Outside of the staff at the kennel, University of Guelph M.Sc. student Alexandra
Mitcham will be the primary researcher interacting with your dog. Alexandra will also be
accompanied by undergraduate research assistants Melissa Speirs and Kenlyn Ramsay.
All work is supervised by Dr. Lee Niel, a professor in the Department of Population
Medicine at the University of Guelph.
Who can I forward any questions I have to?
If you have any questions or concerns about this research, please feel free to contact
Dr. Niel at 519-824-4120 x53030 or niell@uoguelph.ca, or Alex Mitcham at
amitcham@uoguelph.ca
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A.5. Demographics survey

	
  

Demographics Survey
Thank you very much for taking the time to complete this questionnaire. It will take
approximately 5-10 minutes to complete. If you have any questions or concerns about the
contents of this questionnaire, please feel free to contact M.Sc. student Alexandra
Mitcham at amitcham@uoguelph.ca. Note that all information will be kept confidential
and you will only be contacted again if you agree to participate in our study if your dog
meets the necessary criteria.
Please only proceed with the questionnaire if you have owned your dog AT or BEFORE
3 months of age (12 weeks)	
  
	
  
	
  

Owner name: ____________________________________________________
Owner Phone Number: ____________________________________________________
Email address: __________________________________________________________
Dog’s name: ____________________________________________________________
Why is your dog being brought to the kennel?
Boarding (Overnight Stay)
Specify:_____________

Doggie Day Care

Other. Please

Dog’s gender status: (please check one)
Neutered male

Fixed female

Intact male

Intact female

Dog’s current age: Years ______ Months_______ (Approximate if unknown)
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Age of dog when obtained: Years ______ Months______ Weeks______ (Approximate if
unknown)
Dog’s breed: (if mixed, indicate breeds if known)
________________________________

Vaccination dates:
Rabies _________
Distemper Hepatitis (type 2) Parainfluenza and Parvo viruses (DH2PP) __________
Please describe any new or ongoing health problems:
__________________________________________________________________
Please answer the following questions by checking your response:
1. Does your dog have any food allergies or sensitivities?
□ No
□ Yes, my dog is allergic to ___________________________________
2. Is your dog food-motivated? For example, is your dog interested in learning new
tricks for food?
□ Food highly motivates my dog
□ Food motivates my dog sometimes
□ Food does not motivate my dog
3. Does your dog recognize a command for giving a paw? i.e. “paw”, “shake”, “high
five” etc.
□ Don’t know
□ No
□ Yes. The command my dog recognizes is _______________
4. During the time that you have owned your dog, have you ever had another dog
living in the same house for longer than 2 weeks time?
□ Don’t know
□ No
□ Yes
If YES: How long did the dog live in the same home?______
How old was your dog during this time? ________
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5. Has your dog ever exhibited potentially aggressive behaviour (growling, lunging,
attempts at biting) towards familiar or unfamiliar people?
□ Yes, often
□ Yes, occasionally
□ Never
□ Don’t know
If yes, please provide details on the situations when this is likely to occur:
_________________________________________________________
_______________________________________________________________
6. Has your dog ever shown threats or aggression towards people while eating?
□ Yes, often
□ Yes, occasionally
□ Never
□ Don’t know
If yes, please provide details on the situations when this is likely to occur:

7. A. During each of the following age periods, approximately how many new
people was your dog in direct contact with? Please do not include people that were
regularly living in the same home with the dog.
Number of People
11-20 21+ Don’t Know

0

1-5

6-10

Age Range
<12 weeks of age

□

□

□

□

□

□

12 weeks to 1 year

□

□

□

□

□

□

B. During each of the following age periods, approximately how frequently was
your dog in direct contact with people that were not living in the same home
during each of the following age periods:
<12 weeks of age
□ Once every month
□ Once every 2 weeks
□ Once every week
	
  
	
  

□ Multiple times per week
□ Don’t know
12 weeks to 1 year
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□ Once every month
□ Once every 2 weeks
□ Once every week

□ Multiple times per week
□ Don’t know

8. A. During each of the following age periods, approximately how many times was
your dog exposed to environments outside of your home (e.g., park, doggie day
care, kennel, another home)?
0

1-5

Number of Times
6-10 11-20 21+ Don’t Know

Age Range
<12 weeks of age

□

□

□

□

□

12 weeks to 1 year

□

□

□

□

□

□
□

B. During each of the following age periods, approximately how frequently was
your dog exposed to environments outside of your home:
<12 weeks of age
□ Once every month
□ Once every 2 weeks
□ Once every week
□ Multiple times per week
□ Don’t know

12 weeks to 1 year
□ Once every month
□ Once every 2 weeks
□ Once every week
□ Multiple times per week
□ Don’t know

9. A. During each of the following age periods, how many new dogs was your dog
in direct contact with dogs that do not regularly live within the same home?
0

1-5

Number of Times
6-10 11-20 21+ Don’t Know

Age Range
<12 weeks of age

□

□

□

□

□

□

12 weeks to 1 year

□

□

□

□

□

□
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B. During each of the following time periods, approximately how frequently was
your dog in direct contact with dogs that do not regularly live within the same
home:
<12 weeks of age
□ Once every month
□ Once every 2 weeks
□ Once every week
□ Multiple times per week
□ Don’t know

	
  
	
  

12 weeks to 1 year
□ Once every month
□ Once every 2 weeks
□ Once every week
□ Multiple times per week
□ Don’t know

134	
   	
  

A.6. Dog Impulsivity Assessment Scale

	
  

excited (e.g. drooling, panting, raising
hackles, urination, licking lips, widening 	
  
of eyes)
When my dog gets very excited it can lead
	
   to 	
  

	
  

	
  

	
  

	
  

	
  

My dog shows extreme physical signs when
	
  
	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

fixed repetitive behaviour (i.e. an action that
	
  
is repeated in the same way over and over
again), such as tail chasing or spinning

	
  

Iaround
would in
consider
circles my dog to be very impulsive 	
  

	
  

	
  

(i.e. has sudden, strong urges to act; acts
without forethought; acts without
considering effects of actions)
My dog doesn't like to be approached
or hugged
My dog becomes aggressive (e.g. growl,

	
  

	
  

	
  

	
  

	
  

	
  

	
  

snarl, snap, bite) when excited
My dog appears to be 'sorry' after it has done 	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

someone
is watching)
My dog can
be very persistent (e.g. will
continue to do something even if it knows
it will get punished or told off)

	
  

	
  

	
  

	
  

	
  

	
  

My dog may become aggressive (e.g.
growl, snarl, snap, bite) if frustrated with
something
My dog is easy to train

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

something wrong
My dog does not think before it acts (e.g.
would steal food without first looking to see
if
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applicable	
  

	
  

Strongly disagree	
  
Don’t know / not	
  

	
  

Mainly disagree	
  

Strongly agree	
  

	
  

disagree	
  

	
  

	
  

	
  

Mainly agree	
  
Partly agree, partly	
  

Dog Impulsivity Assessment Scale (DIAS)
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16

	
  

	
  

	
  

	
  

	
  

	
  

	
  

My dog takes a long time to lose interest in

	
  

	
  

	
  

	
  

	
  

	
  

My dog calms down very quickly after being
excited

	
  

	
  

	
  

	
  

	
  

	
  

My dog appears to have a lot of control over

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

My dog reacts very quickly

	
  

	
  

	
  

	
  

	
  

	
  

My dog is not very patient (e.g. gets agitated

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

new things

how it responds

new places

waiting for its food, or waiting to go out for a walk)
17

	
  

My dog seems to get excited for no reason
18
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applicable	
  

Strongly disagree	
  
Don’t know / not	
  

Mainly disagree	
  

disagree	
  

My dog is not keen to go into new situations

My dog is very interested in new things and
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Mainly agree	
  
Partly agree, partly	
  

	
  

Strongly agree	
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B.6. Socialization survey IIB
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B.1. Facebook recruitment post
If you are a dog owner and have 5 minutes to spare, please take a look at the
questionnaire below!
http://fluidsurveys.com/s/socializationquestionnaire/
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B.2. Recruitment email
“Population Medicine study recruitment - socialization and impulsivity in dogs
Recruiting dogs for in-home behaviour testing in the Guelph area! Take part in a 5
minute questionnaire to determine if your dog can participate. “
When the link is clicked from the email:
“Researchers in the Department of Population Medicine are recruiting canine participants
for an upcoming study. They are looking for dogs in the Guelph and surrounding area to
take part in a short behaviour test. Testing will take place in the dog's home at a time that
is convenient for the owner, and the total time commitment is approximately 30 minutes.
If you have owned your dog since 3 months of age or younger and are interested in
participating, please click the link below and complete a 5 minute questionnaire that will
allow us to determine if your dog qualifies for the study. The link to the questionnaire is:
http://fluidsurveys.com/s/socializationquestionnaire/
If you have any questions, please feel free to contact M.Sc. candidate Alexandra Mitcham
atamitcham@uoguelph.ca or Dr. Lee Niel at niell@uoguelph.ca
Thank you for your consideration!”
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B.3. Socialization Survey IIA

Socialization Survey IIA
Thank you very much for taking the time to complete this questionnaire. It will take
approximately 5-10 minutes to complete. If you have any questions or concerns about the
contents of this questionnaire, please feel free to contact M.Sc. student Alexandra
Mitcham at amitcham@uoguelph.ca. Note that all information will be kept confidential
and you will only be contacted again if you agree to participate in our study if your dog
meets the necessary criteria.
Please only proceed with the questionnaire if you have owned your dog AT or BEFORE
3 months of age (12 weeks).
Owner name: ____________________________________________________
Owner Phone Number: ____________________________________________________
Email address: __________________________________________________________
Dog’s name: ____________________________________________________________
Dog’s gender status: (please check one)
Neutered male

Fixed female

Intact male

Intact female

Dog’s current age: Years ______ Months_______ (Approximate if unknown)
Age of dog when obtained: Years ______ Months______ Weeks______ (Approximate if
unknown)
Dog’s breed: (if mixed, indicate breeds if known)
________________________________
Vaccination dates:
Rabies _________
Distemper Hepatitis (type 2) Parainfluenza and Parvo viruses (DH2PP) __________
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Please describe any new or ongoing health problems:
__________________________________________________________________
1. A. During each of the following age periods, approximately how many new
people was your dog in direct contact with? Please do not include people that
were regularly living in the same home with the dog.
Number of People
0

1-5

6-10 11-20 21+

Don’t Know

<12 weeks of age

□

□

□

□

□

□

12 weeks to 1 year

□

□

□

□

□

□

Age Range

B. During each of the following age periods, approximately how frequently was
your dog in direct contact with people that were not living in the same home
during each of the following age periods:
<12 weeks of age

12 weeks to 1 year
□ Once every month
□ Once every 2 weeks
□ Once every week
□ Multiple times per week
□ Don’t know

□ Once every month
□ Once every 2 weeks
□ Once every week
□ Multiple times per week
□ Don’t know
	
  

2. A. During each of the following age periods, approximately how many times was
your dog exposed to environments outside of your home (e.g., park, doggie day
care, kennel, another home)?
Number of Times
0

1-5

6-10

11-20 21+

Don’t Know

<12 weeks of age

□

□

□

□

□

□

12 weeks to 1 year

□

□

□

□

□

□

Age Range
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B. During each of the following age periods, approximately how frequently was
your dog exposed to environments outside of your home:
<12 weeks of age

12 weeks to 1 year
□ Once every month
□ Once every 2 weeks
□ Once every week
□ Multiple times per week
□ Don’t know

□ Once every month
□ Once every 2 weeks
□ Once every week
□ Multiple times per week
□ Don’t know

3. A. During each of the following age periods, how many new dogs was your dog
in direct contact with dogs that do not regularly live within the same home?
Number of Times
0

1-5

6-10

11-20 21+

Don’t Know

<12 weeks of age

□

□

□

□

□

□

12 weeks to 1 year

□

□

□

□

□

□

Age Range

B. During each of the following time periods, approximately how frequently was
your dog in direct contact with dogs that do not regularly live within the same
home:
<12 weeks of age
□ Once every month
□ Once every 2 weeks
□ Once every week
□ Multiple times per week
□ Don’t know

12 weeks to 1 year
□ Once every month
□ Once every 2 weeks
□ Once every week
□ Multiple times per week
□ Don’t know

Thank You For Your Participation
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B.4. Participation consent email
“Hello
Thank you very much for participating in the dog socialization questionnaire! We really
appreciate your contribution to our research project in the Department of Population
Medicine at the University of Guelph.
Your dog has met the criteria to be included in the second portion of our study that
involves a behaviour task, called the "Detour Task". We would love to work with you
and your dog if this is something that interests you! With your permission, we would like
to have the dogs complete the task in your home environment as this is where your dog is
likely most comfortable. The total time required for the behaviour task is 20-30 minutes,
and requires very minimal space.
Here is what the Detour Task consists of:
Training:
We will train your dog to retrieve a treat placed in an opaque cube that has openings on
the left and right hand faces. Once the dog has successfully learned to access the treat
from either side of the opaque cube, the opaque cube will then be replaced with a
transparent cube with the same openings on the left and right hand faces for testing.
Testing:
The testing will consist of the dog watching us place a treat into the transparent cube, and
then given instruction to retrieve it. The only difference between the training and testing
portion is that in the testing portion, the treat is visible through the front face of the box;
the dog must resist running up to the front transparent face of the cube where the treat is
visible, instead accessing the treat from either the left or right side openings.
If you would like to have your dog participate further in our study, please reply to this
email with the information listed below. We would like to work with dogs
between January 8-19th. If these dates do not work well for you, please feel free to
suggest an alternative.
Your name:
Dog's Name:
Convenient dates and times: 1. example: January 12th at 6pm
2.
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Home Address:
If you have any questions or concerns, please feel free to contact myself, Alex Mitcham,
at amitcham@uoguelph.ca or xxx-‐xxx-‐xxxx You may also contact my supervisor, Dr. Lee
Niel, at niell@uoguelph.ca.
Thank you very much again for participating, and we are really looking forward to
working with you and your dog!
Sincerely,
Alexandra Mitcham, B.Sc.H Biology
M.Sc. Popuation Medicine candidate, University of Guelph”
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B.5. Consent form

Assessing the Relationship between Socialization and Impulsivity in Dogs
You are asked to participate in a research study conducted by Dr. Lee Niel and MSc
student Alexandra Mitcham from the Department of Population Medicine at the
Ontario Veterinary College, University of Guelph.
If you have any questions or concerns about this research, please feel free to contact
Dr. Niel at 519-824-4120 x53030 or niell@uoguelph.ca, or Alexandra Mitcham at
amitcham@uoguelph.ca
PURPOSE OF THE STUDY
Behaviour in adult dogs is thought to be influenced by exposure to people and
environmental stimuli during early developmental periods. For the current study we are
assessing the effect of early socialization on impulsive behaviour in adult dogs.
Impulsivity refers to the level of control that an individual has over their behavioural
responses.
WHO CAN PARTICIPATE
If you currently are the primary dog owner (defined as a senior household member who
primarily (or jointly) cares and pays for your dog), then we are interested in your
participation. Individuals less than 18 years of age will be excluded from our study as it is
unlikely they will have had primary dog care experience. We require that your dog has
received each of the rabies and DH2PP (Distemper Hepatitis (type 2) Parainfluenza and
Parvo viruses) vaccinations, is between 1 and 10 years of age, and is otherwise in good
health status.
PROCEDURES
Participation in this study will involve the following procedures:
1. Questionnaire: Initially you will complete a short questionnaire (approximately 15
mins) to assess the background and social history of your dog. This information
will be used to determine whether your dog meets the criteria for inclusion in this
study (e.g., up to date on vaccinations, currently in good health, safe for
interactions with researchers, exposure or lack thereof to particular stimuli during
different stages of development).
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2. Behaviour Testing: Behaviour testing will take place over a single session. We
anticipate that testing will involve between one 30-60 minute session. You are not
required to be present at the time of testing. Please be aware that we will be
video-recording these tests, and you may be included in these recordings if you
are in the room at the time of testing.
The behaviour test is completely non-invasive, and will involve your dog
performing a behavioural responses in order to obtain food rewards. Participation
will not be harmful to your dog, and will likely be stimulating and enriching for
them. If you would like more information about the testing procedures, please do
not hesitate to contact us using the information provided above.
POTENTIAL RISKS AND CONFIDENTIALITY
There are no known risks for either you or your dog associated with participation in this
research. Every effort will be made to ensure confidentiality of any identifying
information that is obtained in connection with this study. All identifying information
that is recorded for the purposes of this study will be kept in either a locked file cabinet in
a secure room, or on a password protected computer. Responses will only be viewed and
handled by members of the research team. Data will be kept for 10 years after which
they will be destroyed. Participants will be asked to provide their name, phone number(s),
and email address to ensure the safety of their dog and for follow up if participants are
interested. so participant identity will not be anonymous.
If your dog appears to be in any discomfort from learning or performing the behaviour
test, we will immediately remove them from the experiment. In addition, if you are
uncomfortable with any aspects of the procedures you can withdraw your dog from the
study at any time.
POTENTIAL BENEFITS TO PARTICIPANTS AND/OR TO SOCIETY
The current study will not provide any direct benefits to you or your pet at the time of the
appointment. If you are interested in how your dog performed on the behaviour test, we
would be happy to give you a comparison of your dog’s results to other dogs that have
participated in the study. However, the aim of this research is to identify traits that might
predispose dogs to development of impulsive tendencies. Therefore this study may
ultimately lead to improved management of dogs that are at-risk for the development of
impulsive behaviours.
PARTICIPATION AND WITHDRAWAL
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Participation in this study is completely voluntary. You may discontinue participation in
the study at any time without consequence. If you choose to discontinue participation
your data can be removed until it is prepared for analysis and has been combined with
data from other participants. Contact Lee Niel or Alexandra Mitcham by phone or email
(see contact information above) if you have concerns or questions regarding participation
or withdrawal from the study.
SIGNATURE OF RESEARCH PARTICIPANT/LEGAL REPRESENTATIVE
I have read the information provided for the study “Assessing the Relationship
between Socialization and Impulsivity in Dogs” as described herein. My questions
have been answered to my satisfaction, and I agree to participate in this study. I
have been given a copy of this form.

I confirm that I am the owner of the animal identified below, and I specifically agree
to the following:
□ The information provided in the completed questionnaires may be used in
this research project
□ The animal identified below may participate in the behaviour studies that
have been outlined
□ Behaviour tests can be video-recorded for later analysis and may be
included in research presentations

______________________________________
Name of Animal Participant

______________________________________
Name of Human Participant (please print)

______________________________________
Signature of Human Participant

	
  
	
  

__________
Date
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B.6. Socialization survey IIB

Socialization Survey IIB
Thank you very much for taking the time to complete this questionnaire. It will take
approximately 5-10 minutes to complete. If you have any questions or concerns about the
contents of this questionnaire, please feel free to contact M.Sc. student Alexandra
Mitcham at amitcham@uoguelph.ca. Note that all information will be kept confidential
and you will only be contacted again if you agree to participate in our pilot study if your
dog meets the necessary criteria. Note that all information will be kept confidential.
1. During the time that you have owned your dog, have you ever had another dog
living in the same house for longer than 2 consecutive weeks` time?
□ Don’t Know
□ No
□ Yes
If YES: How long did the dog live in the same home? ________
How old was your dog during this time?
________
2. During the following dog age periods, how many people were living in the same
household as your dog?
<12 weeks of age ________
12 weeks to 1 year ________
Current
________
3. Do you have children in your household?
□ Don’t Know
□ No
□ Yes. I have _____ child/children. They are ___________ years old
4. Has your dog ever attended structured puppy classes?
□ Don’t Know
□ No
□ Yes, my dog attended puppy classes at age _______
If YES: A) My dog attended puppy classes for _______ months/years.
B) What type of puppy class did your dog attend? ___________
C) Have you kept up your dog’s training through their adulthood?
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□ Don’t Know
□ No
□ Yes
D) Do you know what type of training methods were used?
□ Don’t Know
□ No
□ Yes. The training method used was ________________
5. Has your dog ever attended structured puppy classes? training/obedience classes?
□ Don’t Know
□ No
□Yes, my dog attended training/obedience classes at age (s) _______
If YES: A) My dog attended obedience for _______ months/years.
B) What type of obedience class did your dog attend?
___________
C) Have you kept up your dog’s training through their
adulthood?
□ No
□ Yes
D) Do you know what type of training methods were used?
□ No
□ Yes. The training method used was ________________
6. How often each month does your dog spend time with other dogs in a group
setting (doggie daycare, dogpark etc.)?
0
1-5
6-10 11-20 21+ Don’t Know
Age Range
<12 weeks of age
□
□
□
□
□
□
12 weeks to 1 year

□

□

□

□

□

□

Current

□

□

□

□

□

□

7. How many times is your dog exercised per day (e.g. walking, playing ball,
running at the park)?
0
1-2
3-5
6-7
8+
Don’t Know
Age Range
<12 weeks of age
□
□
□
□
□
□
12 weeks to 1 year

□

□

□

□

□

□

Current

□

□

□

□

□

□

	
  
	
  

149	
   	
  

8. On average, how long (in minutes) is your dog exercised each time it is
exercised?
Age Range
0
1-15 16-30 31-45 46-60
>60
Don’t Know
<12 weeks of age

□

□

□

□

□

□

□

12 weeks to 1 year

□

□

□

□

□

□

□

Current

□

□

□

□

□

□

□

9. On average, how long (in hours) is your dog left alone at home each day?
Age Range

0

1-2

3-5

6-8

>8

Don’t Know

<12 weeks of age

□

□

□

□

□

□

12 weeks to 1 year

□

□

□

□

□

□

Current

□

□

□

□

□

□

	
  
	
  

10. Do you crate or cage your dog?
□ Don’t Know
□ No
□ Yes. On average, my dog is crated/caged for ______ hrs/day.
11. What proportion of each day does your dog spend indoors versus outdoors?
My dog spends ______ hours/day inside.
My dog spends ______ hours/day outside.
12. Is your dog easily distracted by interesting sights, sounds, or smells?
□ Don’t Know
□ No
□ Yes
13. How would you classify your dog’s reaction to you or a member of your
household coming home after a brief absence?
(0=not excited, 1=interested but not excited, 2=somewhat excited, 3=fairly excited,
4=Very excited)
0
Level of Excitement □
	
  
	
  

1

2

3

4

Don’t know

□

□

□

□

□
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14. Does your dog appear excited (jumping, pacing, barking, whining etc.) in any of
the following situations?
New environments

□ Don’t Know □ No

□ Yes

New people

□ Don’t Know □ No

□ Yes

New dogs

□ Don’t Know □ No

□ Yes

Other

□ Don’t Know □ No □ Yes. My dog appears excited when
_________________
Thank You For Your Participation
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